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(57)  Apre-whirl generating apparatus (26) is provid-
ed that employs deformable air deflecting vanes (46) ad-
jacent the inlet (18) of a radial air compressor (12-22),
which vanes (46) can be mechanically deformed to gen-
erate positive, neutral, or negative pre-whirl flow to the
compressor. A minimum number of parts are used to
position one or more thin, deformable vanes (46) in the
intake channel (34) leading to the compressor inlet (18).
In their undeformed position, the vanes (46) do not de-
flect the incoming air, thereby causing little or no flow
restriction. To achieve the desired positive or negative
pre-whirl of flow to the compressor (12-22), the trailing
edge (62) of the vanes (46) are deflected transverse to
the direction of flow in the channel (34) in either the pos-
itive or negative direction.

Pre-whirl generator for radial compressor
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Description
Field of the Invention

[0001] The presentinvention relates to turbochargers
for internal combustion engines and more particularly to
an arrangement for pre-whirling supply air as it enters
the inlet of aradial compressor, which compressor forms
a part of the turbocharger.

Background of the Invention

[0002] Turbochargers are widely used on internal
combustion engines, and in the past have been partic-
ularly used with large diesel engines, especially for high-
way trucks and marine applications. In distinction to su-
perchargers, which derive their power directly from the
crankshaft of the engine, turbochargers are driven by
the engine exhaust gases. Exhaust gases are directed
to and drive a turbine, and the turbine shaftis connected
to and drives the compressor. Ambient air is com-
pressed by the compressor and fed into the intake man-
ifold of the engine.

[0003] More recently, in addition to use in connection
with large diesel engines, turbochargers have become
popular for use in connection with smaller, passenger
car power plants. The use of a turbocharger in passen-
ger car applications permits selection of a power plant
that develops the same amount of horsepower from a
smaller, lower mass engine. Using a lower mass engine
has the desired effect of decreasing the overall weight
of the car, increasing sporty performance, and enhanc-
ing fuel economy. Moreover, use of a turbocharger per-
mits more complete combustion of the fuel delivered to
the engine, thereby reducing the hydrocarbon emis-
sions of the engine, which contributes to the highly de-
sirable goal of a cleaner environment.

[0004] Fixed geometry turbochargers are normally
designed to operate at peak efficiency at a particular en-
gine speed and load. Smaller passenger car engines
are normally operated over a wide range of engine
speeds and load. When a turbocharger is operated over
awide range of engine speed and load, the turbocharger
components function outside the optimum design range
and consequently suffer loss of efficiency that adversely
affects engine performance. In operation of a turbo-
charger employing a radial compressor, it is known that
pre-whirling the supply air to the compressor can have
beneficial effects in both broadening the efficient oper-
ating range of the compressor and increasing its effi-
ciency. Both positive and negative pre-whirl can be used
to achieve these desired effects.

[0005] An early attempt at choking the flow of air en-
tering a compressor is shown in U.S. Patent No.
3,723,021 to Bartholomew. That patent shows a flow
choking arrangement for the intake of an axial flow pri-
mary compressor such as are used in connection with
an axial flow gas turbine engine. A flexible vane is fixed
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at its leading edge and is deflected sideways along the
circumference of a cylindrical intake channel. The radi-
ally outer comer of the trailing edge of the vane is fixed
to a rotating disk that is in turn pinned into a cylindrical
ring in the outer wall of the channel. The rotating disk
twists the vane, and the pin rotates within the ring, as
the ring moves circumferentially. The rotating disk ro-
tates to accommodate the reduced axial length of the
vane in its deflected position. The radially outer edge of
the vane is cut away to preventinterference with the wall
of the cylindrical channel when the vane is deflected.
This complicated arrangement permits limited deflec-
tion of the trailing edge of the vane, is prone to jamming
and involves excessive friction to operate, and the offset
attachment of the vane to the rotating pin permits de-
flection of the vane in only one direction. This system is
very complicated, has many moving parts, and very lim-
ited utility. It appears to be a complex, expensive struc-
ture intended for use on a large expensive turbine en-
gine in which pre-whirl in both positive and negative di-
rections is not considered.

[0006] The benefits of pre-whirling supply air to a ra-
dial compressor in both a positive and negative direction
were discussed more fully in a paper published in the
Proceedings of the Institute of Mechanical Engineers,
Vol. 189 43/75 (March, 1975), titled "Experimental and
Theoretical Performance of a Radial Flow Turbocharger
Compressor with Inlet Prewhirl," by Wallace, Whitfield
and Atkey. In that paper, Wallace, et al. suggested that
positive pre-whirl, that is, generating a pre-whirl of the
intake air having a tangential component of velocity in
the same direction as the impellor rotation, can broaden
the operating range of a turbocharger by moving the
surge line of the compressor map to a lower mass flow
rate. The surge line of a compressor map defines the
lowest flow rate at which a compressor can operate in
a stable condition. At flow rates below the surge line, a
compressor will vibrate violently and cease useful oper-
ation. Moving the surge line of a compressor to a lower
mass flow rate permits stable operation at lower flow
rates and engine speeds. This allows efficient and sta-
ble operation of a turbocharger at, for example, engine
"lugging" speed. Wallace et al. also suggests that higher
compressor efficiency can be achieved by imposing a
negative pre-whirl at high operating speeds.

[0007] U.S. Patent No. 3,922,108 to Benisek disclos-
es an apparatus that generates positive pre-whirl by pro-
viding fixed vanes adjacent the compressor inlet. The
Benisek device varies the volume of supply air that
passes over those vanes by throttling a central unvaned
passage with a butterfly valve, thereby varying the
amount of pre-whirl supplied to the compressor.
[0008] In U.S. Patent No. 4,780,055 to Zloch et al., a
plurality of circular sections are pivotally arranged in the
compressor intake channel to restrict flow therein. The
sections are not intended to generate pre-whirl. In fact,
Zloch et al. states that the flow channel is narrowed after
the restrictor sections to generate an accelerated jet
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flow that suppresses wake disturbances from the circu-
lar restrictor sections to provide a uniform inlet flow to
the compressor rotor disk.

[0009] Other patents showing a choking vane struc-
ture for modifying the inflow of gas to a radial compres-
sor in a refrigeration device are U.S. Patent No.
3,667,860 to Endress et al. and U.S. Patent No.
6,039,534 to Stoner et al. Stoner shows two sets of fixed
vanes, the first of which deflects the gaseous refrigerant
flow a little, and the second deflects it more. In addition,
U.S. Patent No. 5,096,374 to Sakai et al. shows a chok-
ing mechanism for a turbo-compressor having a very
complicated external circumferential ring linked to actu-
ating shafts extending into the intake channel. None of
these references mentions whetheritis intended to gen-
erate, or is capable of generating, positive and/or neg-
ative pre-whirl to the compressor inlet.

[0010] Lastly, U.S. Patent No. 5,560,208 to Halimi et
al. refers to the Wallace et al. paper cited above and
suggests that means should be provided on the com-
pressor intake to switch from positive to negative pre-
whirl, but no structure to accomplish this desired end is
disclosed or suggested.

Summary of the Invention

[0011] It is therefore a primary object of the present
invention to provide a simple and effective means of en-
hancing the performance of a turbocharger by selective-
ly generating either positive or negative pre-whirl of sup-
ply air to a radial compressor of the turbocharger as re-
quired by varying engine operating modes.

[0012] Another object of the invention is to provide a
turbocharger performance enhancing apparatus that is
lightweight, easy to manufacture and durable in opera-
tion.

[0013] In accordance with the present invention,
these and other objects are achieved by providing de-
formable air deflecting vanes adjacent the inlet of a ra-
dial air compressor, which vanes can be mechanically
deformed to generate positive or negative pre-whirl flow
to the compressor, or to create an absence of any pre-
whirl flow to the compressor. In a first embodiment of
the invention, a minimum number of parts are used to
position one or more thin deformable vanes in the intake
channel leading to the inlet of a radial compressor. The
thin vanes in their undeflected position do not deflect the
incoming air, thereby causing little or no flow restriction.
In order to achieve the desired positive or negative pre-
whirl flow of air to the compressor, the leading edge of
the vane or vanes is fixed to the flow channel housing,
and the trailing edge is deflected transverse to the di-
rection of flow in the channel in either the positive or
negative direction. This can be accomplished by a tab
projecting from the radially outer comer of the trailing
edge of the vane, which tab is received in a slot in an
annular ring, the inner wall of which forms a portion of
the flow channel. Alternatively, a pair of tabs can be
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formed on the ring receiving the trailing edge of the vane
between the tabs. With either arrangement, when the
ring is rotated slightly in either direction, the vane or
vanes are deflected to cause either positive or negative
pre-whirl flow into the compressor. Preferably, the ring
is positioned in a frusto-spherical portion of the intake
channel where the diameter of the channel is decreased
to present a high velocity flow of air to the compressor.
This geometry of the intake channel allows the vanes to
have a shape that adheres to the wall of the channel
throughout their wide range of deflection. With this ar-
rangement, the objects of the invention are achieved by
a mechanism having only four basic parts: a prewhirl
generator housing, an annular rotating ring, a pinion
gear to control rotation of the ring, and a central vane
carrier positioned in the intake channel of the compres-
sor.

[0014] In an alternative form of the above embodi-
ment, the vane carrier and housing are arranged to tel-
escope toward and away from one another axially. The
vane carrier can be moved toward and away from the
housing by a rack gear formed on the outer shell of the
vane carrier cooperating with a pinion gear mounted on
the prewhirl generator housing. Alternatively, the vane
carrier can be fixed with respect to the housing, and a
sleeve within the housing can be moved toward and
away from the vane carrier by similar means. With the
former arrangement, the prewhirl generator of the
present invention can be formed of only three basic
parts: a housing, and a vane carrier driven by a pinion
gear.

[0015] Theleading edges of the vanes are fixed to the
outer shell of the vane carrier, and the trailing edges of
the vanes are received in grooves formed in the hous-
ing. The grooves are formed at an angle to the axis of
the intake channel and thus assume a helical shape in
the housing. By moving the vane carrier axially away
from the housing, the vanes are deflected to form a pre-
whirl flow in a first pre-whirl direction, for example, a
negative direction. By moving the vane carrier toward
the housing, the deflection of the vanes in the first pre-
whirl direction is reduced until, at an intermediate point
in its full telescopic stroke, the vanes assume a neutral
position, and no pre-whirl is generated. By moving the
vane carrier still further toward the housing, the vanes
are deflected in the opposite direction to generate a pre-
whirl flow in a second, opposite direction, for example,
a positive direction.

[0016] The preferred form of this embodiment of the
invention is the one in which the vane carrier is moved
toward and away from the housing. This is because it
permits the vane carrier (and the vanes) to be placed
nearest the intake of the compressor when the greatest
deflection of the incoming air is needed. That is, the ge-
ometry of the grooves in the housing can be arranged
to create a relatively weak negative pre-whirl when the
vane carrier is moved away from the housing and a very
strong positive pre-whirl when the vanes are moved to-
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ward the housing. In this way, a negative pre-whirl is
generated with very little obstruction of the intake pas-
sage during high flow rate operating conditions when
only a weak negative pre-whirl is required, and a very
strong positive pre-whirl can be generated, with the
vanes close to the compressor intake, when a strong
pre-whirl is desired during low flow rate conditions.
[0017] In another alternative embodiment of the in-
vention, where the intake channel is generally perpen-
dicular to the axis of the compressor, a pair of deform-
able vanes can be provided along the interior wall of the
intake channel to a radial compressor. In their undeflect-
ed position, the vanes allow undisturbed flow to the com-
pressor inlet. By mechanically deflecting the trailing
edge of a first vane into the intake flow channel, pre-
whirl flow can be generated in a first pre-whirl direction.
By releasing the deflection of the first vane allowing it to
return to its undeflected position, and mechanically de-
flecting the trailing edge of a second vane into the intake
flow channel, pre-whirl flow can be imparted to the air
entering the compressor in a second pre-whirl direction.
With this arrangement, any desired pre-whirl, positive
or negative, can be generated by selectively actuating
one or the other of the two vanes. In a specialized cir-
cumstance where it is desired to generate pre-whirl in
only one direction, a single vane can be employed.
[0018] Turbochargers of the type with which the pre-
whirl generating assembly of the present invention are
typically associated are normally employed in an auto-
motive environment. In this environment, it is a common
problem that space in the engine compartment is limit-
ed. It is also typical in this environment that all air sup-
plied to a turbocharger compressor must first pass
through an air filter to remove any particulate matter that
might damage the turbocharger and/or the engine with
which it is associated. Due to space limitations, it is fre-
quently possible that these components cannot be lo-
cated together in the engine compartment, and as a re-
sult, the air filter may need to be located in a remote
position from the turbocharger compressor inlet. In this
common situation, the tubing or conduit from the air filter
to the compressor may be circuitous, and as such, may
set up an inadvertent and unwanted pre-whirl motion to
the air in the passage in an unknown direction. In order
to compensate for this problem, it is preferred to include
a central stabilizing divider wall in the intake channel up-
stream of the pre-whirl generator. The purpose of this
divider wall is to negate any inadvertent or undesired
pre-whirl that may have been generated by the shape
of or turns in the air conduit leading to the compressor
so that the pre-whirl actually supplied to the compressor
is more reliable and effective.

[0019] In yet another alternative embodiment of the
invention, the generally perpendicular intake channel
leading to the compressor inlet is arranged eccentrically
to the compressor inlet, and a single deformable vane
is provided along the wall of the intake channel furthest
from the center of the compressor wheel. With the vane
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in its undeflected position, the supply air will form a vor-
tex, or pre-whirl, in a predetermined direction, for exam-
ple, a negative pre-whirl. When the vane is partially de-
flected, the vortex pre-whirl will be substantially sup-
pressed, eliminating any pre-whirl to the compressor. As
the vane is deflected further, it will generate a pre-whirl
motion to the incoming air in a direction opposite to the
previous undeflected vortex, or in this example, a posi-
tive pre-whirl. As mentioned above, this arrangement
can be constructed so that the natural vortex, which is
relatively weak, can be a negative pre-whirl so that a
weak negative pre-whirl is associated with an open
channel permitting maximum flow, and maximum posi-
tive pre-whirl is generated by a fully deflected vane at
relatively low flow rates.

[0020] Inall of the above embodiments, the apparatus
employed to practice this invention is relatively easy to
manufacture and has few moving parts. Accordingly, the
present invention provides a performance-enhancing
device thatis lightweight, adding little to the overall mass
of a vehicle engine, and is durable in operation.

[0021] These and other aspects of the invention will
be more apparent from the following description of the
preferred embodiments thereof when considered in
connection with the accompanying drawings and ap-
pended claims.

Brief Description of the Drawings

[0022] The present invention is illustrated by way of
example and not limitation in the accompanying draw-
ings in which like references indicate similar parts, and
in which:

FIG. 1 is a front elevational view, taken in section,
of the pre-whirl generator of the present invention,
shown in connection with a radial compressor of a
turbocharger;

FIG. 2 is a left side elevational view of the pre-whirl
generator of FIG. 1, showing the pre-whirl generat-
ing vanes in their undeflected position;

FIG. 3is aleft side elevational view as in FIG. 2, but
showing the prewhirl generating vanes in a deflect-
ed position;

FIG. 4 is an elevational view of an alternative vane
for use in connection with the present invention;

FIG. 5 is a left side elevational view, taken partly in
section, of the alternative vane of FIG. 4 shown in
its relation to a slot in an annular actuating ring;

FIG. 6 is an elevational view of yet another alterna-
tive vane for use in connection with the present in-
vention;
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FIG. 7 is a left side elevational view, taken partly in
section, of the alternative vane of FIG. 6 shown in
its relation to a slot in an annular actuating ring;

FIG. 8 is a view taken along line 8-8 of FIG. 6 illus-
trating a feature of the vane of FIG. 6;

FIG. 9 is an elevational view of yet another alterna-
tive vane for use in connection with the present in-
vention;

FIG. 10 is a sectional view taken along line 10-10
of FIG. 9 illustrating a feature of the vane of FIG. 9;

FIG. 11 is an elevational view of yet another alter-
native vane for use in connection with the present
invention;

FIG. 12 is a view, taken along line 12-12 of FIG. 11,
of the alternative vane of FIG. 11 shown in its rela-
tion to a fork extending from an annular actuating
ring;

FIG. 13 is a view taken along line 13-13 of FIG. 12
illustrating a feature of the vane and actuating
means of FIGS. 11 and 12;

FIG. 14 is a front elevational view, taken in section,
of an alternative embodiment of the pre-whirl gen-
erator of the present invention;

FIG. 15 is left side elevational view of the pre-whirl
generator of FIG. 14, showing the pre-whirl gener-
ating vanes in their undeflected position;

FIG. 16 is a front elevational view, taken in section,
of the pre-whirl generator of FIG. 14, but showing
the pre-whirl generating vanes deflected in a first
direction;

FIG. 17 is left side elevational view of the pre-whirl
generator of FIG. 16, showing the pre-whirl gener-
ating vanes deflected in a first direction;

FIG. 18 is a front elevational view, taken in section,
of the pre-whirl generator of FIG. 14, but showing
the pre-whirl generating vanes deflected in a sec-
ond, opposite direction;

FIG. 19 is left side elevational view of the pre-whirl
generator of FIG. 18, showing the pre-whirl gener-
ating vanes deflected in a second direction;

FIG. 20 is a front elevational view, taken in section,
of another alternative embodiment of the presentin-
vention, shown in connection with a turbocharger
compressor;
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FIG. 21 is a left side elevational view, taken in sec-
tion, of the pre-whirl generator of FIG. 20, showing
the pre-whirl generating vanes in their undeflected
position;

FIG. 22 is a left side elevational view of the pre-whirl
generator of FIG. 21, but showing a first vane in a
deflected position;

FIG. 23 is aleft side elevational view of the pre-whirl
generator of FIG. 21, but showing a second vane in
a deflected position;

FIG. 24 is a perspective view of the deflecting actu-
ator shown in the embodiments of FIGS. 21, 22, and
23;

FIG. 25 is a left side elevational view, taken in sec-
tion, of a pre-whirl generator as in FIG. 21, but hav-
ing only a single pre-whirl generating vane and
showing the pre-whirl generating vane in its unde-
flected position;

FIG. 26 is a left side elevational view, taken in sec-
tion, as in FIG. 25, but showing the pre-whirl gen-
erating vane in a deflected position;

FIG. 27 is a fragmentary sectional view of the intake
channel of the pre-whirl generator of FIGS. 21 and
25, showing an alternative deflecting vane and ac-
tuator, with the vane in an undeflected position;

FIG. 28 is a fragmentary sectional view as in FIG.
27, but showing the deflecting vane in a deflected
position;

FIG. 29 is a fragmentary sectional view of the intake
channel as in FIG. 27, showing a pair of alternative
deflecting vanes and actuators, with a first vane in
a deflected position, and a second vane in an un-
deflected position;

FIG. 30 is a fragmentary sectional view as in FIG.
29, but showing the first vane in an undeflected po-
sition, and the second vane in a deflected position;

FIG. 31is a fragmentary sectional view of the intake
channel as in FIG. 27, showing another pair of al-
ternative deflecting vanes and actuators, with both
vanes in an undeflected position;

FIG. 32 is a fragmentary sectional view as in FIG.
31, but showing the first vane in a deflected position,
and the second vane in an undeflected position;

FIG. 33 is a fragmentary sectional view as in FIG.
31, but showing the first vane in an undeflected po-
sition, and the second vane in a deflected position;
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FIG. 34 is a left side elevational view, taken in sec-
tion, of a further embodiment of the present inven-
tion in which the intake channel to the compressor
is eccentric to the compressorinlet, and a single de-
formable deflector is shown in an undeflected posi-
tion;

FIG. 35 is a left side elevational view, taken in sec-
tion, as in FIG. 34, but with the deflector shown in
a partially deflected position;

FIG. 36 is a left side elevational view, taken in sec-
tion, as in FIG. 34, but with the deflector shown in
a fully deflected position;

FIG. 37 shows the vanes integrally formed with a
surrounding inner and outer fixing ring after manu-
facture by laser-cutting and/or punching;

Fig. 38 is a plan view in the sense of arrow XXXVIII
of FIG. 37 after bending the vanes approximately
90° out of the plane of FIG. 37; and

Fig. 39 illustrates the detail XXXIX of Fig. 37 at an
excessively larger scale.

Detailed Description of the Preferred Embodiment

[0023] A turbocharger compressor assembly is gen-
erally shown at 10 in FIG. 1 and is comprised of a com-
pressor body 12 which houses a compressor wheel 14
rotatably mounted within the compressor body on a cen-
tral rotating shaft 16. In a turbocharger, the shaft 16 is
normally driven by a turbine (not shown) that is powered
by exhaust gases from an internal combustion engine
(also not shown) in a conventional and well known man-
ner. The engine is the recipient of compressed air from
the compressor assembly 10.

[0024] The compressor 10 is illustrated as a radial
centrifugal compressor receiving air at an inlet 18 and
driving that air radially over impellers 20 formed on the
compressor wheel 14 into a circumferential outlet chan-
nel 22 formed in the compressor body 12, which channel
leads to the compressor outlet 24. The outlet 24 is in
direct communication with the air intake of the internal
combustion engine with which the turbocharger com-
pressor assembly 10 is associated.

[0025] Forthe purpose of generating pre-whirl of sup-
ply air to the compressor inlet 18, a pre-whirl generating
assembly is provided and indicated generally at 26 in
FIG. 1. The pre-whirl generating assembly 26 is affixed
to the compressor body 12 adjacent the compressor in-
let 18, and is comprised of a pre-whirl assembly hous-
ing, indicated generally at 28, an annular rotatable ring
30, and a vane carrier assembly 32. The interior surface
of the pre-whirl housing 28, the ring 30, and the vane
carrier 32 combine to form an intake channel 34 for con-
ducting air to the compressor inlet 18. In the embodi-
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ment of the invention shown in FIG. 1, the pre-whirl as-
sembly housing 28 is itself comprised of two separate
pieces; an outer housing section 36, and an inner sec-
tion 38 that is connected to the compressor body 12 at
the compressor inlet 18. These pieces are connected
together by conventional means. For example, the outer
housing section 36 is affixed to the inner section 38 by
a series of threaded fasteners 40, and the outer housing
section 36 is also connected to the compressor body 12
by a series of fasteners 42. Similarly, the vane carrier
assembly 32 is secured to the outer housing section 36
by a series of fasteners 44. ltis understood that because
space under the hood of a motor vehicle is very limited,
at least some of the pre-whirl housing 28 could be
formed integrally with the compressor body 12 to con-
serve space, rather than the bolt-on housing shown in
FIG. 1.

[0026] The vane carrier assembly 32 includes an ar-
ray of pre-whirl generating vanes 46 that are arranged
axially about a central axis cowling 48 mounted axially
and centrally located in the pre-whirl generating assem-
bly 26 and in alignment with the shaft 16 of the compres-
sor wheel 14. The vanes 46 are thin in construction and
in their natural undeflected position are also arranged
axially in the intake channel 34 so as not to deflect or
significantly resist flow of air into the compressor inlet
18. The cowling 48 serves to accelerate the air moving
through the channel 34 and does not permit the air flow
to impinge upon the end of the compressor wheel shaft
16, thereby permitting a uniform flow of air to the com-
pressor inlet 18. Preferably, the vanes 46 are formed of
thin sheet metal and are molded integrally into the cen-
tral cowling 48 and the outer shell 50 of the vane carrier
assembly 32. The vanes 46 include a tab 52 at the ra-
dially outer comer of the leading edge of each vane 46
that is molded into the outer shell 50 of the vane carrier
assembly 32. In this way, the outer shell 50, the vanes
46, and the cowling 48 are formed into a unitary vane
carrier assembly 32, for purposes of assembling the pre-
whirl generating assembly 26.

[0027] The radially outer edge 54 of the vanes 46 are
formed as a section of a circle to conform with the shape
of, and be spaced very slightly from, the inner surface
56 of the annular rotating ring 30, which is frusto-spher-
ical in shape. The frusto-spherical shape of the inner
surface 56 serves to allow close adherence of the outer
edge 54 of the vanes 46 to the intake channel 34 when
they are deflected, as will be described in more detail
hereinafter. Also, the frusto-spherical shape of the sur-
face 56 serves to reduce the diameter of the channel 34
and therefore accelerate the flow of air into the compres-
sor inlet 18. A substantial portion of the radially inner
edge 58 of the vanes 46, nearest the trailing edge there-
of, is spaced slightly from the central cowling 48 to per-
mit deflection of the vanes 46.

[0028] The leading edge 60 of the vanes 46 is shown
as being linearly swept forward from the central cowling
48 out to the inner wall of the intake channel 34. Simi-
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larly, the trailing edge 62 of the vanes 46 is shown as
being linearly swept back from the cowling 48 to the in-
ner surface 56 of the ring 30. It will be understood that
any other geometry of the leading and trailing edges 60
and 62 of the vanes 46 could be employed. For example,
the leading and trailing edges 60 and 62 could be
straight and perpendicular to the axis of the cowling 48,
or either edge could be perpendicular while the other is
swept forward or back. In addition, either or both edges
could be curved, either forward or back. While any com-
bination of straight, swept, or curved shapes of the lead-
ing and trailing edges 60 and 62 could be used, the pre-
ferred embodiment is illustrated in FIG. 1.

[0029] In order to allow lateral deflection of the vanes
46 to produce deflection of the air flowing through the
channel 34 and thereby create the desired positive or
negative pre-whirl at the inlet 18, a tab 64 is formed ex-
tending from the outer edge 54 of the vanes 46 adjacent
their trailing edge 62. The tab 64 is received in a gener-
ally axial slot 66 formed in the inner wall of the annular
ring 30. If desired, the generally axial slot 66 can be
curved so that it is not perfectly axial in order to achieve
any desired form of the deflected vane 46. In order to
create even deflection of the vanes 46 and to prevent
binding of the tab 64 in the slot 66, the tab 64 and the
trailing edge 62 of the vanes 46 are preferably reinforced
by an increased thickness portion 68 along the trailing
edge of the vanes 46, and the tab 64 includes two hem-
ispherical bearings 70 arranged to contact the walls of
the slots 66 and permit twisting of the tabs 64 within the
slots 66. In addition, to position the annular ring 30 in
the housing 28 and to permit rotation thereof with re-
spect to the housing, the annular ring 30 has three bear-
ing faces. At its leading edge, the ring 30 contacts the
outer shell 50 of the vane carrier 32. At its outer periph-
ery, the ring 30 contacts the outer housing section 36,
and at its trailing edge, the ring 30 contacts the inner
section 38 of the housing 28.

[0030] With this arrangement, the actual deflection of
the vanes 46 to create either a positive or negative pre-
whirl is accomplished by rotating the annular ring 30 in
either a clockwise or counterclockwise direction (as
viewed from the left in FIG. 1). Rotation of the ring 30 is
accomplished by a beveled pinion gear 72 that cooper-
ates with a beveled gear section 74 on the periphery of
the ring 30. The pinion gear 72 is mounted on a shaft
76 that can be rotated by an arm 78. The arm 78 can be
moved by any suitable means (not shown) in order to
accomplish the desired rotation of the ring 30 in either
the clockwise or counterclockwise direction. For exam-
ple, the arm 78 can be attached to or be part of a me-
chanical linkage actuated by an electro-mechanical or
pneumatic actuator, or a suitable actuating device, such
as a servo-motor, could be attached directly to the shaft
76. This simple vane adjustment mechanism is much
less complicated than systems shown in the prior artand
can be actuated in either direction quickly and easily
with a minimum of resistance or friction.
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[0031] Whenthering 30 is rotated to deflect the vanes
46, the tab 64 will follow the ring 30 by virtue of being
trapped in the slot 66 and the vanes 46 will bend in the
direction of rotation of the ring 30. While the vanes 46
are bending in the direction of rotation of the ring 30, the
tab 64 will migrate along the slot 66 toward the leading
edge of the vanes 46 (to the left in FIG. 1). With this
arrangement, any desired amount of deflection of the
vanes 46 can effected in either the positive or negative
pre-whirl direction.

[0032] It should be noted that any number of vanes
46 could be used to accomplish the desired positive or
negative pre-whirl of air to the compressor. A single
vane 46 could be employed to achieve the desired ef-
fect, but that arrangement is not preferred in the embod-
iment of the invention illustrated in FIG. 1. Two or more
vanes 46 are preferred, and in the embodiment illustrat-
ed in FIGS. 1-3, seven vanes 46 are shown.

[0033] It should also be noted that far fewer parts are
required to construct the pre-whirl generating device of
the present invention than in the more complicated and
expensive structures shown in the prior art. In fact, this
embodiment of the invention includes only four basic op-
erative parts: the pre-whirl assembly housing 28, the an-
nular rotatable ring 30, the beveled pinion gear 72, and
the integral vane carrier assembly 32. Also, the station-
ary housing 28 of the present invention is bolted directly
to the stationary compressor body 12 without any direct
connection to the rotating parts of the compressor such
as the compressor wheel 14. Accordingly, fewer parts
need to be sealed with expensive seals designed to
withstand a high-speed rotary interface. Because such
seals wear out quickly, the pre-whirl generator of the
present invention is not only relatively inexpensive to
manufacture, but is far more reliable and durable in op-
eration, is less expensive to maintain, and will experi-
ence far less gas leakage than prior art devices.
[0034] FIG. 2 is a view taken from the left side of the
pre-whirl generating assembly 26 of FIG. 1 and shows
the vanes 46 in their undeflected position. From this
view it can be seen that the vanes 46 are very thin and
offer little or no resistance to the flow of air to the inlet
18 of the compressor. Also, the tabs 64 and hemispher-
ical bearings 70 can be seen received in the slots 66 in
the annular ring 30.

[0035] In FIG. 3 the annular ring 30 has been rotated
in a clockwise direction, and the vanes 46 have been
deflected to cause air flowing through the channel 34 to
generate a clockwise pre-whirl as it enters the inlet 18
of the compressor. As seen in FIGS. 2 and 3 the com-
pressor wheel 14 rotates in a clockwise direction and
the compressor outlet 24 is on the left side of the com-
pressor. Accordingly, the deflection of the vanes 46
shown in FIG. 3 would produce a positive pre-whirl of
air supplied to the compressor inlet 18.

[0036] It will be appreciated that the annular ring 30
could just as easily be rotated in a counterclockwise di-
rection as viewed in FIG. 3, causing the vanes 46 to be
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deflected in the opposite direction than that shown in
FIG. 3, and generating a counterclockwise, or negative,
pre-whirl to the air entering the compressorinlet 18. The
amount or deflection is not limited to the amount shown
in FIG. 3. Rather, the amount of deflection is limited only
by the length of the slot 66 in the ring 30 and can be
designed for any desired amount of deflection. Also, by
simply turning the arm 78 in one direction or another,
the vanes 46 can be changed from providing an extreme
positive pre-whirl to an extreme negative pre-whirl, or
any position in between, quickly and easily as demand-
ed by engine performance requirements.

[0037] FIG. 4 shows an alternative pre-whirl generat-
ing vane 80, similar to the vanes 46, but having only a
reinforced portion 82 and no hemispherical bearings 70.
The vane 80 is shown as being formed separately from
the central cowling 48, but it could be formed integrally
with the cowling 48 and outer shell 50 of the vane carrier
assembly 32, as are the vanes 46. This is also true of
the alternative vanes shown in FIGS. 6-13 below. As can
be seen in FIG. 5, the reinforced portion 82 of the vane
80 is slightly thinner than the width of the slot 66 so the
portion 82 can twist and move axially within the slot 66
when the vane 80 is deflected for generating pre-whirl.
If desired, the outer end of the reinforced portion 82 can
have an oval or elliptical cross-section (as viewed from
the top in FIG. 5) to accommodate this motion.

[0038] Another alternative pre-whirl generating vane
84 is illustrated in FIGS. 6, 7 and 8 and is similar to vane
80 in that it is shown as a separate vane but could be
formed integrally with the central cowling 48 and outer
shell 50 if desired. The alternative vane 84 is distin-
guished by not having a reinforced portion at its trailing
edge, but rather, having a double bend or crimp section
86 that serves both to stiffen the trailing edge of the vane
84 and to provide a bearing portion 88 (Fig. 8) on the
tab 90 that allows control of the tab 90 by the slot 66 and
permits twisting and axial movement of the tab 90 within
the slot 66.

[0039] Yet another alternative pre-whirl generating
vane 92 is illustrated in FIGS. 9 and 10. The alternative
vane 92 has a tab 94 that can be received into the slot
66 in the ring 30, and the tab 94 includes a pair of op-
positely directed arcuate indentations 96, which are
generally hemispherical in shape. The indentations 96
form curved outer surfaces 98 that bear against the in-
ner walls of the slot 66 when the ring 30 is moved to
deflect the vane 92 and generate pre-whirl flow. While
it will be recognized that a single such arcuate indenta-
tion 96 would perform the desired function, the pair of
oppositely directed indentations 96 illustrated in FIGS.
9 and 10 is preferred because they provide for better
guidance of the tab 94 within the slot 66 in either direc-
tion.

[0040] Alternatively, as can best be seen in FIGS. 11,
12 and 13, rather than having a tab 64 extend from the
vane 46 into a slot 66 in the ring 30, the slot 66 can be
eliminated, and the ring 30 can be provided with a pair
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of tabs 100 extending from the ring 30 into the channel
34 and arranged to be disposed on either side of each
vane 102. The vanes 102 do not have a tab extending
from their radially outer edge 104. Rather, the outer
edge 104 of the vanes 102 is received between the tabs
100 at about the midpoint of the outer edge 104. Pref-
erably, the inwardly facing surfaces 106 of the tabs 100
are convex (FIG. 10) so that as the ring 30 is rotated in
either the clockwise or counterclockwise direction, the
tabs 100 will bear against and deflect the vanes 102,
and the outer edge 104 of the vanes 102 will be allowed
to move axially between the tabs 100.

[0041] As mentioned above, one of the principal ad-
vantages of the present invention is that it is a light-
weight device characterized by simplicity in construction
and operation. As has been mentioned, the device of
the previous FIGS. 1 through 13 includes only four basic
operative parts: the pre-whirl assembly housing 28, the
annular rotatable ring 30, the vane carrier assembly 32,
and the beveled pinion gear 72. An alternative form of
the present embodiment of the invention is illustrated in
FIGS. 14 through 19. As seen in FIG. 14, this form of
the pre-whirl assembly, indicated generally at 108, is
comprised of only three basic operating parts: a pre-
whirl housing 110, a vane carrier, indicated generally at
112, similar to the vane carrier 32 of the above embod-
iment, and a pinion gear 114 for causing the vane carrier
112 to move telescopically axially toward and away from
the pre-whirl housing 110 by cooperation with a rack
gear 115 on the vane carrier 112. With this very simple
and inexpensive arrangement, the need for a rotatable
ring 30 has been eliminated. Instead, a number of gen-
erally helical grooves 116 are formed on the inner sur-
face 118 of the pre-whirl housing 110. The grooves 116
serve to guide the trailing edge of vanes 120 in either
the positive or negative direction as the vane carrier 112
is moved axially toward and away from the housing 110,
as will be described in more detail below.

[0042] More specifically, as illustrated in FIG. 14, the
pre-whirl housing 110 is comprised of three pieces: an
attachment section 122 for attaching to the inlet (not
shown) of a turbocharger compressor, an outer housing
section 124, and an inner section 126. If desired, two or
more of these sections can be cast or otherwise manu-
factured integrally with one another, or formed as part
of the turbocharger body. The interior surface of the in-
ner section and the attachment section combine to form
an intake channel for conducting air to the compressor
inlet.

[0043] As with the embodiment shown in connection
with FIGS. 1-13 above, the vane carrier 112 is com-
prised of an outer shell 128, a number of vanes 120, and
a central cowling 130. Preferably, the vanes 120 are
formed of a thin sheet metal material and are molded
integrally with both the outer shell 128 and the central
cowling 130, which can be formed of a durable plastic
material. With this arrangement, the leading edge of the
vane 120 is secured to the inner wall of the outer shell
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128, and the trailing edge of the vane 120 includes a tab
132 that is received in the helical groove 116 formed on
the inner surface 118 of the inner section 126 of the
housing 110. Unlike the axial slots 66 in the annular ring
30, the grooves 116 in the inner section 126 are angled
with respect to the axis of the pre-whirl assembly 108
and therefore cause deflection of the trailing edge of the
vane 120 when the vane carrier is moved axially toward
or away from the pre-whirl housing 110.

[0044] In order to provide axial movement of the vane
carrier 112 toward and away from the housing 110, a
motor 134 (FIG. 15) is mounted on the housing 110 by
a mounting bracket 136. The motor is arranged to drive
the pinion gear 114 via a drive shaft 138 connected to
the pinion gear 114. When the pinion gear 114 is rotated
by the motor 134 in a counterclockwise direction (as
viewed in FIG. 14), the pinion gear 114 will cooperate
with the rack gear 115 to urge the vane carrier toward
the housing 110, or to the right as viewed in FIG. 14.
Conversely, when the pinion gear is turned in the clock-
wise direction, the vane carrier will be moved to the left,
or away from the housing 110.

[0045] When the pre-whirl assembly 108 is in the po-
sition illustrated in FIGS. 14 and 15, the tab 132 is lo-
cated in an intermediate position in the groove 116, that
is, not at either extreme end of the groove 116, so that
at least some movement either toward or away from the
housing 110 is still possible. As can best be seenin FIG.
15, in this position, the vanes 120 are aligned with the
axis of the housing 110 and do not deflect air passing
through the assembly 108.

[0046] In FIG. 16, the pinion gear 114 has been rotat-
ed in the counterclockwise direction, and the vane car-
rier 112 has been moved to the right (as indicated by the
arrow). In this position, the tabs 132 are moved toward
the end of the groove 116 nearest the compressor inlet,
and maximum deflection is achieved in that direction. It
should be understood that the grooves 116 can be ar-
ranged to provide any desired amount of deflection in
either the positive or negative direction. Moreover, the
grooves do not need to provide the same amount of de-
flection in both directions. Rather, in the preferred em-
bodiment, the grooves 116 are arranged to provide more
deflection in the positive pre-whirl direction than in the
negative direction.

[0047] FIG. 17 shows the deflection of the vanes 120
when the vane carrier 112 is in the position illustrated in
FIG. 16. If we assume for example that the pre-whirl as-
sembly 108 of FIG. 17 is attached to a compressor that
rotates in a clockwise direction (as shown in FIG. 2),
then the vanes 120 of FIGS. 16 and 17 have been de-
flected to produce a clockwise, or positive pre-whirl. It
is desirable to generate a strong positive pre-whirl by
moving the vane carrier toward, rather than away from,
the housing, and therefore, the compressor inlet. To ac-
complish this, the grooves 116 are arranged to create
maximum deflection of the vanes 120 in the positive di-
rection, and the vane carrier 112 is moved to a position
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closest to the compressor inlet when the vanes 120 are
in the maximum positive pre-whirl position. This is de-
sirable because a strong positive pre-whirl has been
shown to increase compressor performance at relatively
low flow rates.

[0048] If the pinion gear 114 is rotated in a clockwise
direction from the positioniillustrated in FIGS. 16 and 17,
the vane carrier is moved to the left, or away from the
housing 110 and the compressor inlet. As the tabs 132
proceed along the grooves 116, the deflection of the
vanes 120 in the positive direction decreases until the
vane carrier 112 reaches the position illustrated in FIGS.
14 and 15, where the vanes 120 are in a neutral position.
If the pinion gear 114 is rotated further in the clockwise
direction, the vane carrier 112 will move further to the
left, as shown in FIGS. 18 and 19, and the tabs 132 will
move further to the left in the grooves 116, causing the
vanes 120 to be deflected in the negative direction. As
mentioned above, the grooves 116 can be designed to
create any amount of deflection in either the positive or
negative direction, as desired, but preferably, as illus-
trated, the deflection created in the negative direction is
designed to be less than the maximum deflection in the
positive direction. This is because it has been shown
that even a weak negative pre-whirl can increase the
efficiency of a compressor at relatively high flow rates.
Accordingly, the grooves 116 illustrated in this embodi-
ment are not a uniform helix, but rather are shaped to
provide an exaggerated deflection in the positive direc-
tion when the vane carrier 112 is moved toward the
housing 110, and a smaller deflection when the vane
carrier 112 is moved away from the housing 110.
[0049] An alternative embodiment of the present in-
vention is illustrated in FIG. 20, which shows a radial
compressor 140 for a turbocharger having a compres-
sor wheel 142 and an intake channel 144 that is ar-
ranged generally perpendicular to the axis of the com-
pressor 140 and the compressor wheel 142. A portion
146 of the intake channel 144 is generally rectangular
in cross-section and is immediately adjacent the com-
pressor inlet 148. A flat, thin, deformable plate 150 is
secured at its upstream end to a side wall of the rectan-
gular portion 146 of the intake channel 144 by fasteners
152 in such a way that, in its undeflected position, it is
secured along the wall of the channel 144 and is com-
pletely out of the flow of air through the channel 144. In
order to negate any inadvertent or undesired pre-whirl
that may have been set up by the conduit leading to the
pre-whirl generator of the present invention, a divider
wall 154 can be inserted in the channel 144 immediately
upstream of the plate 150. The divider wall 154 can be
fastened in place by fasteners 156, or can be cast or
molded as an integral part of the channel 144.

[0050] As can best be seen in FIG. 21, a radial com-
pressor wheel 142 rotates in a clockwise direction as
viewed in FIG. 21 to provide compressed air at the com-
pressor outlet 158. The plate 150 is secured flat against
a side wall of the intake channel 144 so that in its unde-
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flected position, the intake channel 144 is completely
unobstructed. In addition, a second plate 160 is secured
to the opposite wall of the intake channel 144, and in its
undeflected position, illustrated in FIG. 21, it is also out
of the flow of air through the intake channel 144. A C-
shaped actuator 162 is positioned behind the plate 150
and behind the plate 160 in a C-shaped guide recess
164 concentric with the compressor wheel 142. The
plates 150 and 160 each have respective trailing edges
166 and 168 positioned immediately adjacent the ends
of the C-shaped actuator 162. The divider wall 154 can
be seen in cross section in the middle of the channel
144.

[0051] In order to deflect the air flowing through the
intake channel 144 in a way to generate pre-whirl to the
compressor inlet, as can best be seen in FIG. 22, the C-
shaped actuator162 is rotated in a clockwise direction
as viewed in FIG. 22 through the guide recess 164 and
into the intake channel 144 forcing the trailing end 166
of the plate 150 into and across the channel 144, caus-
ing the plate 150 to form a curved deflector diverting air
transversely across the channel 144 and generating a
positive pre-whirl at the inlet of the compressor 140. In
order to deflect air flowing through the intake channel
144 to generate a negative pre-whirl, as can best be
seen in FIG. 23, the C-shaped actuator 162 can be ro-
tated in a counterclockwise direction through the guide
recess 164 and into the intake channel 144 forcing the
trailing end 168 of the plate 160 into the channel 144
and causing the plate 160 to form a curved deflector di-
verting air transversely across the channel 144 in a di-
rection opposite that of the plate 150, thereby generat-
ing a negative pre-whirl at the inlet of the compressor
140.

[0052] While the combination of the C-shaped actua-
tor 162 and the deformable plates 150 and 160 repre-
sent the preferred structure for creating the desired pre-
whirl flow in this embodiment of the present invention, it
will be understood that just the C-shaped actuator 162,
or just the plates 150 or 160, using some other actuator,
could be used to generate a desired pre-whirl flow. Re-
ferring again to FIGS. 22 and 23, when the C-shaped
actuator is deployed into the intake channel 144, the in-
side surface 170 of the C-shaped actuator 162 helps to
form a circular chamber 172 immediately adjacent the
compressor inlet 148. This circular chamber 172 facili-
tates smooth pre-whirl flow to the compressor 140. If ei-
ther of the deformable plates 150 or 160 were not
present, the C-shaped actuator 162 would still deflect
air flowing through the intake channel 144 to form a pos-
itive or negative pre-whirl at the inlet 148. However, a
region of eddied or stalled air flow, a "dead zone", would
be created in the generally triangular region 174 or 176
defined by the wall of the intake channel 144, the outside
of the C-shaped actuator 162, and where either of the
deflected plates 150 or 160 would be if they were
present. While this arrangement would function to cre-
ate the desired pre-whirl flow to the compressor 140, the
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dead zones 174 and 176 would be disruptive to smooth
flow in the intake channel 144, and would not permit op-
timum operation of the pre-whirl generator.

[0053] The C-shaped actuator 162 is shown in more
detail in FIG. 24 and is comprised of a shaft 178 for turn-
ing the actuator, a base plate 180, and an actuator blade
182 shaped to travel within the channel 164 and having
two broad actuating edges 184 and 186 for contacting
the plates 150 and 160, respectively, and deforming
them into the channel 144.

[0054] In certain circumstances, it may be desirable
to be able to generate pre-whirl flow in only one direc-
tion. For example, certain compressors will receive only
a minimal benefit from generation of a negative pre-whirl
at high speed. Also, in many automotive applications,
the overriding concern is low cost, and while the benefit
of performance enhancement at low speed is valuable,
the benefit of a small improvement at high speed may
not be worth additional cost. In those applications, it may
be desirable to provide a low cost pre-whirl generator
that can only generate pre-whirl in one direction, usually
the positive direction.

[0055] For this purpose, as shown in FIGS. 25 and 26,
a pre-whirl generator 180 is shown, similar to the em-
bodiment of FIGS. 21 through 23, but having only one
deformable plate 190. In this instance, the pre-whirl gen-
erator 188 is provided with a modified C-shaped actua-
tor 192 that has a blade only on one side of the actuator
192 and which travels in a guide recess 194 that extends
only half way around the compressor wheel 142. As can
be seen in FIG. 26, when the C-shaped actuator 192 is
rotated clockwise, it deflects the plate 190 transversely
across the channel 144 to create a positive pre-whirl to
the compressor inlet 148.

[0056] Similarly, as stated above, the deformable
plate 190, using some other actuator, could be used to
generate a desired pre-whirl motion to the air as it enters
the compressor 140. In the alternative form of actuator
shown in FIGS. 27 and 28, a fragmentary portion of the
intake channel 144 is shown having a single deformable
plate 196 secured to one side of the channel 144. Rather
than having a C-shaped actuator to cause deflection of
the plate 196, an arcuate deflecting actuator 198 is po-
sitioned to pass through an opening 200 in the wall of
the channel 144 adjacent the trailing edge 202 of the
plate 196. The deflecting actuator 198 is supported at
the end of a swing arm 204 that is rigidly secured to and
pivots in response to rotation of shaft 206 at its other
end. When the swing arm 204 and actuator 198 are in
the position shown in FIG. 27, the plate 196 lies flat
against the wall of the channel 144, and no deflection of
air passing through the channel occurs. When the shaft
206 is rotated slightly in the counterclockwise direction,
the arcuate actuator 198 moves into the channel 144
and deflects the plate 196 into the stream of air passing
through the channel 144, as shown in FIG. 28. While
this structure has the advantage of being extremely sim-
ple and lightweight, and this action of the actuator will
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have the effect of generating a desired pre-whirl flow to
the compressor (not shown), this structure has the dis-
advantage that it will tend to create a dead zone 208 of
stalled air behind the plate 196.

[0057] To overcome this problem, other alternative
actuators can be used. An alternative form of actuator
and deflector for use in the intake channel 144 is illus-
trated in FIGS. 29 and 30. In this example, a flexible
membrane 210 is attached to become part of the wall of
the intake channel 144. Preferably, a second flexible
membrane 212 is attached on the opposite wall of the
channel 144, opposite the first membrane 210. The
membranes 210 and 212 can be made from any suitable
flexible material such as rubber or a synthetic rubber
such as neoprene. A pivotable actuator 214 is disposed
outside of the channel 144 and can be rotated toward
and into the membrane 210, forcing the membrane 210
into the channel 144 to deflect air passing to the com-
pressor. Preferably, the actuator 214 has an apex 216
that, when fully rotated into the channel 144, bears
against the membrane 210 approximately at its mid-
point, forcing the midpoint of the membrane 210 into the
channel 144. When the actuator 214 is rotated away
from the membrane 210, as shown in FIG. 30, the elastic
memory of the membrane 210 causes it to assume the
same shape as the wall of the channel 144, thereby not
deflecting air passing through the channel 144. When
the actuator is moved to its membrane deflecting posi-
tion shown in FIG. 29, the membrane 210 is deflected
into the channel 144 as noted above.

[0058] In a like manner, if desired, a similar actuator
218 having an apex 220 can be mounted in actuating
association with the second membrane 212. By selec-
tively rotating one or the other (or neither) of the actua-
tors 214 and 216, a pre-whirl flow to the compressor inlet
can be generated in either the positive, neutral, or neg-
ative direction. Moreover, as can be seen in FIGS. 29
and 30, when either the membrane 210 or 212 is de-
flected into the intake channel 144, the downstream por-
tions 222 and 224 of the membranes 210 and 212 help
to shape part of a pre-whirl chamber 226 that is condu-
cive to pre-whirl flow adjacent the inlet 148 to the com-
pressor 140. That is, the downstream portions 222 and
224 of the membranes 210 and 212 block off a space
that would otherwise have become a dead zone behind
the deflectors formed by the membranes 210 and 212.
[0059] Yet another form of actuator and deflector for
use in the intake channel 144 is shown in FIGS. 31, 32,
and 33. In this form of actuator and deflector, an upper
deformable plate 228 is secured to the inside wall of the
channel 144 so that in its undeflected position, it is not
extending into the flow of airin the channel. A lower plate
230 is connected to the upper plate 228 by a hinge 232.
The lower end of the lower plate 230 is slidably secured
to the wall of the channel 144 by a pin 234 being re-
ceived in a slot 236 in the wall of the channel 144. An
arcuate deflecting actuator 238, similar to the actuator
198 shown in FIGS. 27 and 28, is arranged outside of
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the channel 144 and is capable of extending through the
wall of the channel 144 to contact the hinge 232. When
the actuator is rotated into the channel 144, using a
mechanism similar to that employed with the actuator
198, the upper plate 228 is deflected into the channel
144 causing deflection of the air passing through the
channel. As can best be seen in FIG. 32, as the upper
plate 228 is deflected into the channel 144, the upper
end of the lower plate 230 rotates about the hinge 232,
and the lower end of the plate 230 moves upwardly
along the wall of the channel 144 being guided along
the slot 236 by engagement of the pin 234 in the slot
236. With this arrangement, when the upper plate 228
is in its air deflecting position in the channel 144, the
lower plate 230 helps to form a pre-whirl chamber 240
adjacent the inlet 148 of the compressor 140. That is,
the lower plate 230 helps to create a smooth pre-whirl
circulation in the chamber 240 by blocking a space that
would otherwise have been a dead zone behind the de-
flecting upper plate 228 causing disruption to smooth
pre-whirl flow in the chamber 240.

[0060] Inthe preferred form of this latest actuator and
deflector, a second set of upper and lower plates 242
and 244 are arranged on the opposite side of the chan-
nel 144. A hinge 246 connects the upper and lower
plates 242 and 244, and the lower end of the lower plate
is slidably secured to the wall of the channel 144 by a
pin 248 being received in a slot 250. An arcuate actuator
252 is arranged to bear against the hinge 246 for the
purpose of deflecting the second upper plate 242 into
the channel 144. This second set of upper and lower
plates 242 and 244, and their respective actuator 252
function in the same manner as set forth above with re-
spect to the plates 228 and 230. That is, if the actuator
238 is retracted from the channel 144 and the second
actuator 252 is rotated into the channel 144, as is shown
in FIG. 33, then air will be deflected to form a pre-whirl
in a direction opposite that formed when the first actua-
tor 238 is deployed alone, as shown in FIG. 32.

[0061] In yet another embodiment of the present in-
vention, shown in FIGS. 34, 35 and 36, the intake chan-
nel 254 leading to the compressor inlet 256 includes a
divider wall 258 and is arranged eccentrically to the
compressor inlet 256. In the case illustrated in FIG. 34,
the eccentric inlet channel 254 is positioned so that if air
were received through the channel 254 unobstructed by
any diverting vane, the air would form a vortex in a coun-
terclockwise direction. In the example illustrated, this
would be a negative pre-whirl vortex, since the compres-
sor wheel 260 rotates in a clockwise direction as viewed
in FIG. 34. This counterclockwise vortex creates a rela-
tively weak negative pre-whirl because the incoming air
is not highly directed, but it has the advantage of unob-
structed flow through the channel 254, and as discussed
above, a relatively weak pre-whirl is acceptable in high
speed, high flow rate conditions.

[0062] As in the embodiment shown in FIGS. 25 and
26, this embodiment of the invention includes a single



21 EP 1 452 742 A1 22

deformable vane 262 along the wall of the intake chan-
nel 254 furthest from the center of the compressor wheel
260. With the vane 262 in its undeflected position as
shown in FIG. 34, the supply air will form a vortex, or
negative pre-whirl, as described above. Also as shown
in the embodiment illustrated in FIGS. 25 and 26, this
embodiment has a C-shaped actuator 264 that moves
through a C-shaped guide recess 266 concentric with
the compressor wheel 260. When the vane 262 is par-
tially deflected, as shown in FIG. 35, the vortex pre-whirl
will be substantially suppressed, eliminating any pre-
whirl to the compressor inlet 256. As the vane 262 is
deflected further, as shown in FIG. 36, it will generate a
strong pre-whirl motion to the incoming air in a direction
opposite to the previous undeflected vortex, or in this
example, a positive pre-whirl.

[0063] As shown in FIG. 1, the tabs 52 are inserted
into a recess or groove of the outer shell 50 of the chan-
nel 34. It has also been mentioned that this outer shell
50, the vanes 46 and the cowling 48 may be formed as
a unitary vane carrier assembly 32, for purposes of as-
sembling the pre-whirl generating assembly 26 in an
easy and inexpensive way. FIG. 37 shows a preferred
realization of this conception.

[0064] To this end, an outer fixing ring 265 (and, if de-
sired the attached tab 52) may be provided to be insert-
ed into the above-mentioned groove into which also the
tabs 52 of the leading edge are inserted. At the radial
inward side of the vanes, there may be an inner fixing
ring 266 (at a larger scale seen in Fig. 39 where its outer
periphery is indicated in dash-dotted lines) connected
to the vanes 46 via an inner tab 267. A similar tab is
shown in FIG. 1 and engages a recess or groove of the
cowling 48. This groove of the cowling 48 may, accord-
ing to the embodiment of FIG. 37, receive at least the
inner fixing ring 266 and, if desired, the attached inner
tab 267. It is suitable, if an interconnection portion 269
interconnects the tab 267 and the inner ring 266 to fa-
cilitate bending.

[0065] If it is desired to hold the outer fixing ring 265
and to center it in another way than by inserting it into a
centering groove, it could be fixed to the shell 50, e.g.
in a radial slot of the shell 50, by means of screws or
bolts penetrating holes 270 in the outer fixing ring. Al-
ternatively, but not preferred, bolts can be provided in-
stead of the holes 270 to be inserted into corresponding
holes of the shell 50. Furthermore, it may be seen from
FIG. 37 that the holes 270 are formed in an inwards ex-
tending tab 271 of the outer fixing ring 265, although it
would, in principle, be possible to form these holes in
the ring 165 directly without providing such tabs 271. In
this latter case, however, the strength of the fixing ring
265 would be reduced for which reason providing tabs
271 is preferred. Moreover, the invention is not restricted
to inwards extending tabs 271, but tabs projecting to the
exterior of the ring 265 could also be used. However,
inwards extending tabs are preferred, because the use
of them reduces scrap and diminishes the amount of
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material necessary for one unit 32'. In principle, the
holes 270 could be replaced by indentations or other re-
cesses cooperating with corresponding axial protru-
sions of the shell 50. In any case, such axial recesses
and protrusions fix the ring 265 against any tendency of
rotation.

[0066] It has been mentioned that the holes 270 could
be used to receive bolts for fastening the vanes. This
involves some labour for providing threaded borings and
to screw the bolts into them to fasten the ring 265. This
can be achieved with less work, if the ring 265, e.g. after
inserting itinto the shell 50, is simply molded by injecting
plastic material around it. In this case, not only the holes
270, but also holes 52' in the tabs 52 are suitable, be-
cause they ensure entering the plastic material into
them and, thus, a better and positive interconnection.
Likewise, tabs 267 may also comprise holes 272 (Fig.
39).

[0067] The advantage of a construction according to
FIGS. 37 to 39 is that the vanes 46, their inner an outer
tabs 52 and 267, as well as the outer and inner fixing
rings 265 and 266 (or at least one of them) may be in-
tegrally formed as a unitary assembly 32'. Manufacture
can be done either by laser-cutting (preferred) and/or by
punching which ensures a cost effective way of produc-
tion. It may be seen in FIG. 37 that the radial outer tabs
52 are preferably attached to the outer fixing ring 265
through an approximately L-shaped interconnecting
portion 268 which ensures an enhanced flexibility of the
vanes 46 with respect to the fixing ring 265. Although
various materials can be used to produce such an as-
sembly 32', it is preferred to have it made from sheet
metal. However, it would also be possible to form at least
one of the rings 265, 266 of plastic material and to cast
the tabs or interconnecting into this plastic material. In
a preferred embodiment, however, all parts shown in
FIG. 37 are of sheet metal.

[0068] As soon as the flat assembly 32' of FIG. 37 has
been made, it is easy to bend the trailing edges of the
vanes, which comprise the trailing tab 64, out of the
plane of FIG. 37 and backward as shown in FIG. 38. The
function of the L-shaped interconnecting portions 268
which facilitate bending is clearly understandable from
this figure. Therefore, it will also be understood that a
similar interconnection portion could also be provided to
connect the inner tabs 267 with the inner ring 266, al-
though this will, in general, not be necessary. As seen
in FIG. 37, the interconnection portions or webs 268 and
269 are smaller than the tabs 52 and 267. As an alter-
native, the fixing elements could merely consist of the
interconnection portions 268 or 269 extending in radial
direction to be directly connected either to the shell 50
and/or to the cowling 48 (e.g. be inserting these portions
into corresponding holes) without the fixing rings 265
and/or 266. It will, however, be clear to those skilled in
the art that the use of fixing rings allows a more stable
construction.

[0069] From the foregoing, itis clear that the invention
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relates also to a method of manufacturing a pre-whirl
arrangement which consists of cutting the profile of the
vanes 46 together with at least one interconnecting ring
265 and/or 266 by laser-cutting and/or stamping from
sheet material, preferably sheet metal, and subsequent-
ly bending the vanes 46 out of the plane of the cut sheet
material, preferably in the way and with the details men-
tioned above.

[0070] With the arrangement according to the present
invention, an extremely simple and lightweight mecha-
nism is provided that permits complete control of the
flow of supply air to a radial compressor to generate pos-
itive, negative, or no pre-whirl, as required by engine
operating demands. This is accomplished with a mini-
mum of moving parts making the pre-whirl generator of
the present invention inexpensive to manufacture and
reliable and durable in operation. It is clear that this in-
vention comprises also a method of forming the pre-
whirl arrangement by laser-cutting and/or punching, as
described above.

[0071] Various modifications and changes may be
made by those having ordinary skill in the art without
departing from the spirit and scope of this invention.
Therefore, it must be understood that the illustrated em-
bodiments of the present invention have been set forth
only for the purpose of example, and that they should
not be taken as limiting the invention as defined in the
following claims.

[0072] The words used in this specification to de-
scribe the present invention are to be understood not
only in the sense of their commonly defined meanings,
but to include by special definition, structure, material,
or acts beyond the scope of the commonly defined
meanings. The definitions of the words or elements of
the following claims are, therefore, defined in this spec-
ification to include not only the combination of elements
which are literally set forth, but all equivalent structure,
material, or acts for performing substantially the same
function in substantially the same way to obtain substan-
tially the same result.

[0073] For example, instead of a stationary pre-whirl
arrangement, a moving one, such as a rotating one,
could be used. Such a movable pre-whirl arrangement
could comprise a two-partite cowling, the two parts of
which being screwed into one another, wherein one of
the cowling parts has the trailing ends of the vanes af-
fixed. Thus, the vanes 46 could rotate together with the
cowling 48 (e.g. under the influence of the air flow), but
when either one of the two parts is braked, the two parts
screw either into one another or from one another, ad-
justing in this way the position of the vanes. An alterna-
tive movable arrangement could be formed in a similar
way as lawn irrigators where a movable surface disturbs
the water jet intermittently.

[0074] In addition to the equivalents of the claimed el-
ements, obvious substitutions now or later known to one
of ordinary skill in the art are defined to be within the
scope of the defined elements. For example, it would be
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conceivable to fix the trailing edges of the vanes, while
displacing and pivoting the leading edges, although this
will, in general, not be preferred.

[0075] The claims are thus to be understood to in-
clude what is specifically illustrated and described
above, what is conceptually equivalent, what can be ob-
viously substituted, and also what incorporates the es-
sential idea of the invention.

Claims

1. An apparatus for generating pre-whirl of supply air
to the inlet of a radial compressor comprising:

a housing for said pre-whirl generating appara-
tus, said housing being mounted adjacent said
inlet of said radial compressor and forming an
intake channel for supply air in communication
with and leading to said compressor inlet, said
intake channel being preferred to be generally
perpendicular to the axis of said compressor
and said deformable vane is mounted along a
wall of said channel so that in its undeflected
position, and said vane does not deflect air
passing through said channel;

a deformable air deflecting vane positioned in
said intake channel, said vane having a leading
edge and a trailing edge, said leading edge be-
ing fixed in said channel, and said trailing edge
being free to be deflected with respect to said
channel to deflect air passing through said
channel and being preferably reinforced for
stiffness, said reinforced trailing edge being
particularly an area of increased thickness of
said vane along said trailing edge and/or being
a crimp along said trailing edge; and

means for selectively deflecting said trailing
edge of said vane so that said vane will deflect
air passing through said channel to generate a
pre-whirl flow in either the positive, neutral, or
negative direction at said inlet of said compres-
sor.

2. The apparatus of claim 1 wherein said vane com-
prises at least one of the following characteristics:

a) said vane, in its undeflected position, is ar-
ranged in line with normal flow through said
channel and does not deflect air flowing
through said channel;

b) said trailing edge of said vane can be deflect-
ed in a first direction to generate said positive
pre-whirl flow or in a second direction to gener-
ate said negative pre-whirl flow;

c) said means for deflecting said vane is an an-
nular ring within said housing arranged to rotate
around said channel in a plane perpendicular
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to the direction of said air passing through said
channel, said ring being in contact with said
vane to mechanically deflect said vane either
in a positive or negative pre-whirl direction in
response to rotation of said ring around said
channel, further characterized in that said ring
has at least two tabs extending radially inwardly
to receive said vane therebetween and to effect
deflection of said vane upon rotation of said
ring.

The apparatus of claim 1 or 2, wherein said means
for deflecting said vane is an annular ring within said
housing arranged to rotate around said channel in
a plane perpendicular to the direction of said air
passing through said channel, said ring being in
contact with said trailing edge of said vane to me-
chanically deflect said trailing edge of said vane ei-
ther in a positive or negative pre-whirl direction in
response to rotation of said ring around said chan-
nel, wherein preferably at least one of the following
characteristics are provided:

a) said vane, in its natural undeflected position,
is arranged in line with normal flow through said
channel and does not deflect air flowing
through said channel, and, in particular, said
trailing edge of said vane can be deflected in a
first direction to generate said positive prewhirl
flow or in a second direction to generate said
negative pre-whirl flow;
b) said ring contacts said trailing edge of said
vane at a contact area near the radially outer
comer of the trailing edge of said vane, said
contact area being received in a generally axi-
ally oriented slot in said ring, whereby upon ro-
tation of said ring in a first positive direction
around said channel, said vane is deflected to
a position that deflects air flowing through the
channel into a positive pre-whirl flow at the
compressor inlet, and upon rotation of said ring
in a second negative direction around said
channel, said vane is deflected to a position
that deflects air flowing through the channel in-
to a negative prewhirl flow at the compressor
inlet,

wherein said contact area is preferably a
tab extending from the radially outer corner of
the trailing edge of said vane, and said tab in-
cludes means for contacting said slot in a way
that allows control of said trailing edge of said
vane to effect deflection of said vane while per-
mitting twisting of said tab in said slot to accom-
modate deflection of said vane,

and said slot has, in particular, lateral
walls for contacting said tabs, wherein said tab,
if desired, has at least one generally convex lat-
eral bearing surface for contacting said wall,
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and wherein, for example, said tab has two lat-
eral bearing surfaces on opposite sides of said
tab for contacting opposite lateral walls of said
slot and/or said trailing edge has a crimp and
said crimp extends through said tab forming
said generally convex lateral bearing surface,
and wherein said lateral bearing surfaces are
optionally generally hemispherical;

c¢) said means for deflecting said vane includes
a pinion gear cooperating with a rack gear on
said ring to rotate said ring in either a first rota-
tional direction or a second rotational direction.

The apparatus of any of the preceding claims, fur-
ther comprising fixing means for fixing said leading
edges of said vanes in said channel, said fixing
means including

tab means on each of said vanes which ex-
tend from the radially outer and/or inner comer of
the trailing edge of said vane, and

at least one inner and/or outer fixing element,
the inner one being preferably attachable to a cowl-
ing,
said tab means and at least one of said inner and
outer fixing elements being integrally formed, par-
ticularly as a laser-cut part and/or a punched part,
suitably of sheet metal, said tab means being pref-
erably connected to at least one of said fixing
means via at least one interconnection portion
smaller than said tabs,
wherein preferably said outer fixing element com-
prises fixing recesses for preventing any rotation,
said fixing recess being formed, in particular, in a
tab of said outer fixing ring, the tab suitably extend-
ing in radial inward direction from said outer fixing
ring.

The apparatus of any of the preceding claims,
wherein said leading edge of said vane is circum-
ferentially fixed in said channel and said trailing
edge is free to be deflected circumferentially in said
channel and wherein said intake has a generally
helical groove, further characterized in that said
leading edge of said vane is affixed to a vane carrier
that is restricted from rotation in said channel but is
free to move axially in said channel, and

wherein said trailing edge of said vane has a tab
extending radially outwardly, said tab being re-
ceived in said groove, and said means for deflecting
said vane is operative to move said vane carrier ax-
ially within said housing to cause said tab to move
axially within said groove, thereby causing circum-
ferential deflection of said trailing edge of said vane,
wherein at least one of the following characteristics
is preferably provided:

a) said vane carrier includes preferably a rack
gear and said means for deflecting said vane is
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a pinion gear mounted on said housing for co-
operation with said rack gear on said vane car-
rier to move said vane carrier axially in said
housing;

b) said grooves have axial ends, said vanes are
aligned with normal flow through said channel
and do not deflect air passing through said
channel when said vane carrier is in an axial
position to place said tab in a position in said
groove intermediate of the axial ends of said
groove;

c) axial movement of said vane carrier toward
said inlet causes deflection of said vane in a
first direction, and axial movement of said vane
carrier away from said inlet causes deflection
of said vane in a second direction,

wherein deflection in said first direction caus-
es preferably positive prewhirl flow at said inlet,
while deflection in said second direction causes
negative prewhirl flow at said inlet, said intermedi-
ate position of said tab in said groove, in which said
vanes do not deflect air passing through said chan-
nel, being, in particular, closer to the axial end of
said groove away from inlet than the end nearest
said inlet, said groove being optionally arranged to
provide a greater deflection of said trailing edge of
said vane when said vane carrier is moved toward
said inlet than when the vane carrier is moved away
from said inlet.

The apparatus of any of the preceding claims,
wherein said means for deflecting said vane is an
actuating arm positioned outside of said channel
adjacent said trailing edge of said vane and extend-
able into said channel to engage said trailing edge
of said vane and to deflect said vane into said chan-
nel, thereby positioning said vane to deflect air
passing through said channel, wherein at least one
of the following characteristics is preferably provid-
ed:

a) said actuating arm is a C-shaped actuator
received in a C-shaped recess in said housing
and is rotatable through said recess to extend
into said channel to deflect said vane into said
channel; said C-shaped actuator, said C-
shaped recess, and said compressor inlet be-
ing preferred to be generally circular and are
concentric, and being particularly further char-
acterized in that when said actuator is extend-
ed into said channel to deflect said vane into
said channel, said vane deflects air flowing
through said channel to generate a pre-whirl
flow at said inlet, and said C-shaped actuator
forms a generally circular chamber for said pre-
whirl flow adjacent said inlet;

b) the apparatus includes two vanes on oppo-
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site sides of said channel, and further includes
means for deflecting said each vane, said
means being operative to deflect a first vane to
generate a pre-whirl flow in a first direction and
to deflect a second vane to generate a pre-whirl
flow in a second direction,

said actuating arm being preferably a C-
shaped actuator received in a C-shaped recess
in said housing and is rotatable through said re-
cess to extend into said channel to deflect said
vane into said channel, further characterized
in that said apparatus includes two vanes on
opposite sides of said channel, and said C-
shaped actuator is operative to deflect either
vane into said channel,

wherein said C-shaped actuator, said C-
shaped recess, and said compressor inlet are
preferred to be generally circular and are con-
centric;

and being particularly further character-
ized in that when said actuator is extended into
said channel to deflect said vane into said chan-
nel, said vane deflects air flowing through said
channel to generate a pre-whirl flow at said in-
let, and said C-shaped actuator forms a gener-
ally circular chamber for said pre-whirl flow ad-
jacent said inlet;
c) said actuating arm is an arcuate deflecting
actuator attached to a swing arm mounted to
swing about a pivot to extend said actuator into
said channel and deflect said vane into said
channel;
d) said vane is a flexible membrane and said
actuating arm is a pivotable actuator having a
contact point for contacting said membrane and
arranged to pivot into said channel in contact
with said membrane thereby deflecting said
membrane into said channel,

the apparatus being preferably further
characterized in that when said pivotable ac-
tuator is pivoted into said channel, said contact
point contacts said membrane at about its mid-
point, and a portion of said membrane on one
side of said contact point forms said air deflect-
ing vane, and the portion of said membrane on
the other side of said contact point forms a pre-
whirl chamber adjacent said inlet;
e) said trailing edge of said vane has an attach-
ment means to which is attached the leading
edge of a lower plate, said actuating arm con-
tacts said trailing edge of said vane adjacent
said attachment means, and said trailing edge
of said lower plate is arranged for sliding en-
gagement with the wall of said channel, where-
by when said actuating arm is moved into said
channel to deflect said vane into said channel,
the leading edge of said lower plate follows said
trailing edge of said vane into said channel, and
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said trailing edge of said lower plate slides
along said wall of said channel,

wherein the apparatus is preferably fur-
ther characterized in that when said leading
edge of said lower plate follows said trailing
edge of said vane into said channel, and said
trailing edge of said lower plate slides along
said wall of said channel, said lower plate forms
a pre-whirl chamber adjacent said inlet;
f) the apparatus is further characterized in
that a divider wall is provided in said channel
upstream of said vane.

The apparatus of any of the preceding claims,
wherein said inlet is generally circular and said in-
take channel is eccentric to the center of said inlet,
and wherein at least one of the following character-
istics is provided:

a) said vane is attached to a wall of said channel
farthest from said center of said inlet, and when
said vane is in its undeflected position, it does
not deflect air passing through said channel,
and a pre-whirl flow is generated at said inlet,
wherein preferably the pre-whirl flow generated
when said vane is in its undeflected position is
a negative pre-whirl flow;

b) said vane is attached to a wall of said channel
farthest from said center of said inlet, and when
said vane is deflected to an intermediate posi-
tion, said vane creates an absence of pre-whirl
flow at said inlet;

c) said vane is attached to a wall of said channel
farthest from said center of said inlet, and when
said vane is fully deflected into said channel,
said vane creates a positive pre-whirl flow at
said inlet.

The apparatus of claim 7, wherein said means for
deflecting said vane is an actuating arm positioned
outside of said channel adjacent said trailing edge
of said vane and extendable into said channel to
engage said trailing edge of said vane and to deflect
said vane into said channel, thereby positioning
said vane to deflect air passing through said chan-
nel, further characterized in that said actuating
arm is a C-shaped actuator received in a C-shaped
recess in said housing and is rotatable through said
recess to extend into said channel to deflect said
vane into said channel.

The apparatus of claim 8, wherein said C-shaped
actuator, said C-shaped recess, and said compres-
sor inlet are generally circular and are concentric.

The apparatus of claim 9, further characterized in
that when said actuator is extended into said chan-
nel to deflect said vane into said channel, said vane
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deflects air flowing through said channel to gener-
ate a pre-whirl flow at said inlet, and said C-shaped
actuator forms a generally circular chamber for said
pre-whirl flow adjacent said inlet.
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