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Description

Background of the Invention

[0001] This application relates primarily to banded,
axial-flow fans that are used in combination with a hous-
ing. We use the term banded axial-flow fan to describe
afan having a hub that rotates on an axis and has blades
extending in an outwardly direction (for example, gen-
erally radially) from the hub to a circular band that con-
nects the blade tips. Blade rotation tends to force air in
the general direction of the fan axis.

[0002] We use the term fan and housing combination
to describe such axial flow fans in combination with a
housing (e.g., a shroud or a duct) that guides airflow en-
tering and/or leaving the fan. By shroud, we mean an
airflow guide shaped and positioned to guide airflow
moving between the fan and a heat exchanger. An ex-
ample of a banded shrouded fan that moves air through
a heat exchanger is disclosed in Gray U.S. Patent,
4,548,548, which is hereby incorporated by reference.
By duct, we mean an elongated flow path such a those
used in heat, ventilation, and air conditioning systems.
[0003] In order to compare the invention to the prior
art, a figure from the '548 patent is reproduced here as
Fig. 1B.

[0004] US-A-4685513 discloses a compact fan and
shroud package for radiators with fan blades cared rear-
wardly supporting a rotating shroud at an optimised dis-
tance from the radiator for improved airflow through the
radiator. The package comprises a fan having a hub that
rotates on an axis and blades extending outwardly from
the hub to a circular band that connects the blade tips,
the package further comprising a housing to control air-
flow entering the fan, leaving the fan or both, a portion
of the housing being positioned outward of the fan band
so that there are running clearances between the fan
band and housing such that recirculating airflow moves
in the pathway between the fan and housing. The hous-
ing may be a single injection moulded unit.

[0005] There have been efforts to reduce the effects
of undesired airflow recirculation experienced with fan
and housing combinations. Airflow recirculation can be
explained as follows. The fan generates a pressure dif-
ference between the upstream side of the fan (the side
from which air is drawn) and the downstream side of the
fan (the side of the fan which exhausts the airflow) -- i.
e., pressure is higher on the downstream side than on
the upstream side. Airflow recirculation is the undesired
flow of air from the downstream to the upstream side of
the fan, resulting from this pressure difference. For
banded fans in a housing, the recirculating airflow pass-
es through the running clearance between the housing
and the band.

[0006] One way to reduce recirculation is to reduce
the fan-to-housing clearance. Another way to reduce re-
circulation is to incorporate labyrinth seals between the
fan and the housing. In some cases these methods may
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present difficulties in economic manufacture.

[0007] Hauser U. S. Pat. 4,357,914 discloses a cool-
ing fan for use with an annular radiator having baffle
rings to reduce recirculation.

[0008] In accordance with one aspect of the invention
there is provided a fan and housing combination com-
prising a fan having a hub that rotates on an axis and
blades extending outwardly from the hub to a circular
band that connects the blade tips, the combination fur-
ther comprising a housing to control airflow entering the
fan, leaving the fan, or both; a portion of the housing
being positioned outward of the fan band so that there
are running clearances between the band and the hous-
ing such that recirculating airflow moves in a pathway
between the band and the housing; in which the station-
ary flow control vanes are connected to the housing in
a position to encounter and redirect recirculating airflow,
said housing and said vanes being a single injection
molded plastic unit.

[0009] In accordance with a second aspect of the in-
vention there is provided a fan and housing combination
comprising a fan having a hub that rotates on an axis
and blades extending outwardly from the hub to a circu-
lar band that connects the blade tips, the combination
also comprising a housing to control air flow entering the
fan, leaving the fan, or both; a portion of the housing
being positioned outward of the fan band so that there
are running clearances between the band and the hous-
ing such that recirculating airflow moves in a pathway
between the band and the housing; the housing further
comprising a rearward housing segment having a re-
duction in radius at a location rearward of the trailing
edge of the fan band, and elongated motor supports
which extend from the rearward housing segment to a
centrally positioned motor mount; in which the stationary
flow control vanes are connected to the housing in a po-
sition to encounter and redirect recirculating airflow, an
airflow recirculation pathway being formed between the
fan band and the housing, and at least a portion of the
vanes being positioned in the pathway.

[0010] The invention features certain configurations
for banded, axial-flow fan and housing combinations
that provide a surprising combination of efficiency, low
noise, and manufacturability.

[0011] The invention generally features fan and hous-
ing combinations which include stationary flow control
vanes (e.g. thin members) positioned to encounter and
redirect recirculating airflow. A portion of the housing is
positioned outward of the fan band, and there are run-
ning clearances between the band and the housing such
that recirculating airflow moves in a pathway between
the fan and the housing. According to the invention, the
stationary flow control vanes are attached to the hous-
ing.

[0012] The invention provides a combination of effi-
ciency, manufacturability and low noise. Without wish-
ing to bind ourselves to a particular theory, such benefits
may be explained at least in part as follows. Recirculat-
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ing airflow generally has a swirling (rotational) compo-
nent of velocity imparted either by the fan blading or by
vicious effects in the recirculation passage. When
reingested by the fan, this swirl causes the fan blades
to operate locally at an angle of attack different from that
of the main flow. Swirl also may increase inflow turbu-
lence, which causes broadband noise, and it may lead
to flow non-uniformities causing undesirable tones.
[0013] The invention is particularly suited for shroud-
ed fans that draw airflow through an upstream heat ex-
changer, but the invention also can be applied to fans
that blow air through a downstream heat exchanger. It
is also particularly suited for ducted fans.

[0014] We have found that the invention can be prac-
ticed in two general configurations described below.
While both configurations are included in a single inven-
tion, we have found that specific optimum vane geom-
etry may be different for the two configurations, as de-
tailed below.

[0015] The first configuration features placement of
the vanes generally within the space between the fan
band and the housing, although embodiments in which
the vanes continue downstream of the fan band are also
included within the first configuration. This configuration
is best suited for applications in which there are axial
packaging constraints, such as automotive applications
in which a shrouded fan draws air through a heat ex-
changer immediately adjacent (usually upstream of) the
fan.

[0016] The second configuration features placement
of the vanes such that they are at least partially (or even
entirely) upstream of the fan band from the perspective
of the primary airflow. Such configurations are particu-
larly suited for ducted fans, such as those in airhandlers
for heating, ventilating and/or cooling buildings, where
axial space is less constrained.

[0017] In preferred embodiments of the first configu-
ration of the invention, the housing and vanes are a sin-
gle injection molded plastic unit. For the second config-
uration, the vanes may be injection molded as part of
an array that is assembled with the housing.

[0018] Preferred embodiments (particularly for auto-
motive applications with fan/shroud/radiator combina-
tions) are also characterized by a fan-to-housing (usu-
ally a shroud) running clearance of at least 0.25% of the
fan diameter. We use the term running clearance to des-
ignate the spacing between the fan band and portions
of the housing that extend around the fan band.

I. Vanes In The Band-To-Housing Gap

[0019] In preferred embodiments of the first configu-
ration of the invention, the housing (shroud) is charac-
terized by a reduction in radius at a location rearward of
the trailing edge of the fan band. The pathway of recir-
culating airflow can include an inlet formed between the
trailing edge of the fan band and the portion of the hous-
ing at the reduced radius. The trailing edge of the fan
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band is the rearward-most portion of the band. In some
embodiments, the band includes a lip that extends rear-
ward of the blade trailing edge. Preferably, at least a por-
tion of the vanes is positioned radially outward of the
inlet to the recirculation pathway.

[0020] The above-described housing radius reduction
can reduce the housing radius R, (see Fig. 2A) to a value
approximately equal to, or even less than, the outer ra-
dius of the trailing edge of the fan band (R, see Fig. 2A,
described below). "Approximately equal” in this context
means a radius that would risk interference if the portion
of the housing with the reduced radius were not offset
axially from the fan band. For example, for automotive
and similar applications, the two radii may differ by less
than standard or nominal radial running clearance "C"
(see Fig. 2A).

[0021] Also in preferred embodiments, the housing
comprises a rearward housing segment extending from
the radius reduction rearwardly to the rearward housing
(shroud) terminus. Elongated motor supports may be at-
tached to that rearward housing segment, extending
from the housing to a centrally positioned motor mount.
As the housing extends rearwardly from the location of
the radius reduction, the inside diameter of the housing
may increase, producing a flare to improve perform-
ance.

[0022] In yet other preferred embodiments, an inlet to
the recirculation pathway is formed between the hous-
ing and the trailing edge of the band; the housing com-
prises a rearward portion which extends first rearwardly
and then inwardly and forwardly, forming a pocket axi-
ally rearward of the inlet of the recirculation flow path.
Such pockets may have a rounded back or a straight
back. A portion of the vanes may extend into the pocket,
and at least a portion of the vanes is axially rearward of
the trailing edge of the band. Also, the vanes may be
characterized by a reduction in radius at a position axi-
ally rearward of the trailing edge of the fan band.
[0023] Also in some embodiments, the recirculating
airflow pathway includes an outlet formed between the
housing and an outwardly flaring segment of the leading
edge of the fan band. Advantages may be achieved ac-
cording to the invention with other geometries that do
not include this detail, however.

[0024] The vanes may be straight (radial or non-radi-
al) taken in a section in a plane normal to the fan axis.
Alternatively, the vanes may be curved taken in a sec-
tion in a plane normal to the fan axis.

Il. Vanes Upstream Of The Fan Band

[0025] We turn now to a second configuration of the
invention in which the vanes are at least partially up-
stream of the fan band.

[0026] In some embodiments of the second configu-
ration of the invention, the space through which airflow
recirculates comprises a restriction upstream (from the
perspective of recirculating airflow) of the vanes. With-
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out wishing to be bound to or limited by a specific theory,
we believe improved performance from this configura-
tion may result, at least in part, because the restriction
causes the airflow to jet into the spaces between the
vanes, rather than to be deflected radially or tangential-
ly. Also preferably, the band comprises a lip flaring out-
wardly to establish the above described restriction. (This
embodiment of the invention also has application in
some embodiments of the first configuration of the in-
vention, e.g. in the embodiment of Fig. 5B where the
inlet to the recirculation path is the restriction.)

[0027] The vanes may be part of a single injection
molded plastic piece. For example, the vanes may be
arranged in an array whose inward tips are connected
by an inner ring. The inner ring gives structural rigidity
to the vane assembly, which allows the housing to be
formed around the vane assembly.

[0028] The vanes may be molded in various configu-
rations that better match the direction of incoming recir-
culating airflow. These configurations may be particular-
ly beneficial in fans producing a relatively low pressure
rise at some segment of the duty cycle. For example,
the vanes may be molded so that the end faces of the
vanes are beveled (preferably at least 20° and most
preferably at least 30°) so that the high pressure side
surfaces extend slightly further upstream (from the per-
spective of recirculation airflow) than the low pressure
side surfaces. The sides of the vanes can also be
hooked so that the high pressure side surfaces are con-
cave near the upstream end of the vanes (e.g. so that
the radius of the concave portion is between 0.1S and
1.0S, where S is the spacing between adjacent vanes).
The vanes may be angled slightly from purely radial,
with the radially inward tip being inclined towards recir-
culation flow impinging on the vanes. The vanes (or at
least the high pressure side of the vanes, with the low
pressure side being straight) may be curved in a planar
section normal to the fan axis (e.g., the section may be
cylindrical with a radius of curvature of between 0.15D
and 0.3D).

[0029] Other features and advantages of the inven-
tion will be apparent from the following description of
preferred embodiments and from the claims.

Brief Description of the Drawings

I. Vanes In The Band-To-Housing Gap

[0030] Fig. 1A is a side view in section of a fan and
shroud according to the invention, including an up-
stream heat exchanger.

[0031] Fig. 1B shows a prior art fan.

[0032] Figs. 2A-2D are views in section of portions of
fan and shroud combinations according to the invention,
showing alternative configurations of the shroud radius
reduction.

[0033] Figs. 3A and 3B are sections of fan and shroud
combinations showing variations in shroud design up-
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stream of the vanes.

[0034] Figs. 4A-4C are diagrammatic representations
of arrays of vanes according to the invention in circum-
ferential view.

[0035] Figs. 5A and 5B are side views, in section, of
other fan/shroud combinations according to the inven-
tion, in which a heat exchanger is downstream of the fan.
[0036] Fig.6isadiagrammatic representation of afan
and duct combination according to the invention.
[0037] Figs. 7-9 are side views in section of other fan
and housing combinations.

Il. Vanes Upstream Of The Fan Band

[0038] Fig. 10 is a side view in section of a fan and
duct showing vanes upstream of the fan band.

[0039] Figs. 11 is a side view in section of a ducted,
banded fan being used with a dual-ring vane assembly.
[0040] Fig. 12is an end view of the vanes taken along
12-12 of Fig. 11, showing only a portion of the vanes.
[0041] Fig. 13A is a close-up of the circled portion of
Fig. 12. Figs. 13B and 13C are similar views of alterna-
tive configurations.

[0042] Fig. 14A is a sectional view taken along 14A-
14A of Fig. 12 showing square leading edge details for
a pair of vanes. Fig. 14B is a section of an alternative
vane configuration.

[0043] Fig. 15 is perspective view of one particular
vane embodiment according to the invention.

Description of the Preferred Embodiments

[0044] We will describe embodiments of the two con-
figurations of the invention separately.

I. Vanes in Gap Between Housing and Fan Band

[0045] In Fig. 1A, fan 20 is positioned in shroud 26 to
pull air through heat exchanger 21. Axis A is the fan's
rotational axis. Fan 20 has a band 24 connecting the
outer tips of blades 22. Band 24 terminates at its up-
stream edge in a lip 30. Vanes 28 are attached to shroud
26. Figs. 4A-4C are sectional views (perpendicular to
the fan axis) of arrays of vanes 28, showing the alterna-
tive configurations of the vanes. The sections are taken
looking rearwardly along the fan axis, and the direction
of fan rotation is clockwise. In Fig. 4A, vanes 28E are
radial. In Fig. 4B, vanes 28F are straight, and they are
angled from the radial direction. In Fig. 4C, vanes 28G
are curved to receive airflow having a rotational compo-
nent in the direction of fan rotation. Advantageously, the
design of vanes 28 and shroud 26 permits the entire
shroud and the vanes to be injection molded as a single
unit. The spacing between vanes 28 is selected to re-
move swirl without excessively blocking airflow. In typi-
cal applications there will be more than 10 and less than
1000 (e.g., 30-200) of these vanes, although there may
be fewer or more in specific applications.
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[0046] Fan 20 and shroud 26 are designed with run-
ning clearances to avoid interference between band 24
and shroud 26. Shroud 26 has a radius reduction rear-
ward of band 24 (formed by shroud segments 27 and
29), which reduces the shroud radius (R,) to less than
the outer radius (R,) of band 24 at its trailing edge, plus
clearance "C". Fig. 2A illustrates R, R, and R; on a fan
and housing similar to that shown in Fig. 1A.

[0047] Motor supports (one shown as 37 in Fig. 1A)
are attached to shroud segment 29. Shroud 26 is mount-
ed to radiator 21 by mounts 23.

[0048] For comparative purposes, we include Fig. 1B
which is a figure reproduced from Gray, U.S. 4,548,548.
Note that the recirculation flow path between the shroud
and the band does not include vanes. Moreover, the ra-
dius of the shroud is relatively constant rearward of the
lip of the band, at a value that must provide clearance
between the band and the shroud. The radius of the fan
band R, the radius of the shroud after the reduction R,
and clearance "C" are shown in Fig. 2A, discussed be-
low.

[0049] The operation of the invention can be de-
scribed as follows. Recirculating airflow enters the inlet
between band 24 and the shroud radius reduction
formed by segments 27 and 29. The airflow turns to trav-
el in space 32 and encounters vanes 28 whereby rota-
tional velocity is reduced. The airflow exits the recircu-
lation path through outlet 36, which is formed between
the upstream edge of lip 30 and shroud 26.

[0050] Preferably, the widths of inlet 34 and outlet 36
are as narrow as manufacturing processes permit to
minimize leakage and resulting lost energy. In practice,
for typical automotive applications, the width of inlet 34
may be about 0.04D (where D = the fan diameter) or
less, and the width of outlet 36 may be 0.02D or less.
[0051] Figs. 2A-2D are diagrammatic representations
of details of fan/shroud combinations that are similar to
the one shown in Fig. 1A, with differing inlets to the re-
circulation flow path space. In each of those figures, fan
blades terminate in a similar band. Vanes are included
in the space between the fan band and the shroud. The
shroud includes a radius reduction rearward of the trail-
ing edge of the fan band. The specific designs of the
shrouds differ in these radius reductions, thus providing
different inlets to the recirculation flow path. In view of
those similarities, the embodiments of Figs. 2A-2D will
only be described to highlight the differences among
those embodiments. Features in Figs. 2A-2D are num-
bered with numbers corresponding to those used in
Figs. 1A.

[0052] In Fig. 2A, the shroud radius reduction seg-
ments 27A and 29A are rearward of the trailing edge of
band 24A. The inner radius of segment 29A is less than
the outer radius of the trailing edge of band 24A.
[0053] In Fig. 2B, shroud segment 29B has an inner
radius slightly larger than the outer radius of the trailing
edge of band 24B.

[0054] In Fig. 2C, segment 29C has a radius approx-
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imately equal to that of the fan band. Segment 26C
flares outwardly, to optimize performance in some ap-
plications. The thickness of the shroud may decrease
with rearward extent, so that the outer shroud diameter
in this segment flares less or is generally cylindrical.
[0055] In Fig. 2D, segment 29D is rounded to form a
pocket 48D. This geometry allows a large amount of
flare to be used on an injection moldable part. Vanes
28D extend into the pocket.

[0056] Figs 3A and 3B are sections of fan and housing
combinations that are similar to the fan of Fig 1A, except
in the configuration of shroud 26' and 26" upstream of
the fan. In both figures, fan blade 22 terminates in a band
24. Vanes 28 are positioned in the recirculation flow
path. Motor supports 37 extend from a downstream ex-
tension of the shroud. Unlike the fan and housing de-
picted in Fig. 1A, in Fig. 3A, a restriction is not formed
between the band 24' and shroud 26'. In Fig. 3B, the
radius of shroud segment 26" is essentially constant,
and a restriction is formed between band 24 and shroud
26". Both configurations are within the spirit of the in-
vention.

[0057] Figs. 5A and 5B show two alternative fan and
housing configurations in which the fan is upstream of
the heat exchanger, and the shroud guides airflow
(shown generally with an arrow) from the fan into the
heat exchanger. In Fig. 5A, fan blade 54 has a band 55
with a lip 56 that forms an inlet to the fan. Airflow recir-
culation takes place through inlet 67 into space 57 be-
tween the shroud 58 and the band 55, and exits outlet
68. Vanes 59 are positioned-in space 57 to encounter
recirculating airflow and reduce swirl in the recirculating
airflow. Fan motor 65 is positioned between the fan and
the heat exchanger 62. Shroud 58 includes a segment
60 to which motor supports 61 are attached.

[0058] In Fig. 5B, fan 70 blows air into downstream
heat exchanger 82. Unlike the assembly of Fig. 5A, mo-
tor 71 of the assembly of Fig. 5B is upstream of the fan.
The fan band 75 has a lip 76 on the downstream side,
and the inlet to the fan is formed by a shroud segment
80 which curves inwardly and back toward heat ex-
changer 82. The motor 71 is attached to support 81. Re-
circulating airflow moves through inlet 83 to space 77
between band 75 and shroud 78, and exits outlet 84.
Vanes 79 are positioned in space 77 to encounter that
recirculating airflow and to reduce swirl in it. In this con-
figuration, the inlet restriction upstream of the vanes and
the vane shaping referenced below may be beneficial.
[0059] Fig. 6 is a section showing a variation of the
invention useful in ducted fans. The vanes 44 are pro-
vided as a separately molded part having a flared rear
face 49 which terminates in an edge 50 that forms the
inlet 52 for the recirculation flow path. In other respects,
the blades 48, the band 46 and the duct 51 are similar
to those described below.

[0060] Fig. 7 shows afan 640 housed in a shroud 642
which guides airflow through a radiator (not shown) up-
stream of the fan. Vanes 644 are L-shaped in this view
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and radial in a plane perpendicular to the fan axis. Lip
646 forms a restriction inlet 648 with lip 647. The vanes
are spaced from 3.2 to 12.7mm (1/8 to 1/2 of an inch)
apart around the circumference, with the smaller spac-
ing being used in very small fans.

[0061] The fan and housing combination of Fig. 7 can
also be used (with some modification) as a ducted fan.
In some applications, the width of the recirculation outlet
is at least twice the width of the recirculation inlet. In-
creasing the width of outlet reduces the velocity of the
leakage flow thus reducing flow disruption as the recir-
culation flow enters the main flow.

[0062] In Fig. 8, fan 780 has a band 782 with an up-
stream edge that turns back axially to form lip 784.
Shroud 786 includes vanes 788. A lip 790 on shroud
786 forms a restriction 792 in the recirculation path,
which feeds the airflow to vanes 788 and from there to
outlet 794. In this particular embodiment, the outlet to
the recirculation path is at least twice as wide as the
restriction.

[0063] In Fig. 9, band 800 of fan 801 has a trailing lip
802 which forms restriction 803 with shroud 804. Leak-
age vanes 805 extend from shroud 804. Bell mouth 807
together with the axially forward edge of band 800 form
outlet 806 to the recirculation path.

Il. Vanes Upstream of the Fan Band

[0064] Fig. 10 depicts a fan 90 in which the housing
92is a ductor shroud having vanes 94 upstream of band
96. Inlet 91 is formed between the upstream edge of
band 96 and duct 92. This inlet ("X") is on the order of
0.005D-0.02D. Recirculation airflow is entrained into
vanes 94 and leaves through the open sides 98 of the
slots between vanes 94.

[0065] With reference to Figs. 11-15, in preferred em-
bodiments the array of vanes is provided by a dual ring
structure 217 which fits within the duct 212 just upstream
of the fan 214. The vane assembly may be made from
molded plastic, hard plastic foam, or any suitable mate-
rial which may be fashioned into the requisite geometry.
As shown in Fig. 11, the assembly consists of an outer
ring 216, an inner ring 218, and a plurality of vanes 220
disposed generally radially between the two rings 216,
218.

[0066] Although use of an inner ring 218 is not abso-
lutely necessary, itis preferred. The ring 218 gives struc-
tural rigidity to the assembly. This is beneficial if it is de-
sired to form the housing by wrapping sheet metal, or
some other flexible material, around the perimeter of the
outer ring 216 to form the duct.

[0067] The inner ring 218 also divides the duct into
separate flow passageways, an inner primary passage-
way 222 through which the primary flow passes, and an
outer, annular recirculation passageway 224 through
which the recirculation flow passes. The inner ring 218
helps to inhibit radial flow, where it exists, from reenter-
ing the fan.
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[0068] As disclosed above, it is advantageous to use
a banded fan 214 in which the band 226 terminates in
a curved lip 228. The curved lip 228 forms a restriction
230 in the recirculation passageway 224.

[0069] As shown in Fig. 13A and 14A, the vanes 220
may be substantially flat, non-shaped vanes. Such
vanes generally may provide adequate performance. As
explained below, however, for other applications (e.g.,
low pressure rise fans or fans that are designed both for
high and low pressure rise) additional vane shaping can
improve performance.

[0070] Without wishing to bind ourselves to a single,
specific theory as to the operation of such shaping im-
provements, it appears that the tangential velocity of the
recirculation flow is induced mainly by viscous effects,
and is therefore approximately a fixed percentage of tip
speed. The axial velocity, however, is caused by the
pressure difference across the fan. As a result, a fan
which generates a relatively low pressure (for its diam-
eter and rotation speed) will have a recirculation flow
which approaches the vane at an angle closer to tan-
gential than will be the case for a relatively high pressure
fan. When air approaches a vane with a square end face
(Figure 14A) at an angle close to tangential, there is a
tendency for some of this flow to be deflected in the tan-
gential and inward radial directions, rather than to pass
through the space between the vanes. In this case, it is
beneficial to provide some additional shaping to the
vanes.

[0071] Tangential deflection of airflow is reduced by
bevelling the end face 234 of each of the vanes 220, as
shown in Fig. 14B. The end face 234 is beveled such
that the high pressure side surface 236 of the vane
projects further upstream (taken from the perspective of
the recirculation flow) than the low pressure side surface
238. The bevel angle, B, can be at least 20°, and is pref-
erably 30° or more.

[0072] Deflection of flow in the inward radial direction
is reduced by incorporating additional detailed vane
shaping in two respects. First, as shown in Fig. 14B, the
high pressure side surface 236 is made concave by the
addition of a cylindrical region 242 at the leading edge
250, i.e., the juncture of the high pressure side surface
236 and end face 234. The radius of curvature r of the
cylindrical region 242 can be on the same order as 1/2
of the spacing between vanes.

[0073] Secondly, the vanes can be non-radial in a sec-
tion perpendicular to a plane normal to the fan axis.
In Fig. 13B, the innermost tips 250 of the vanes 220 are
inclined into the impinging recirculation flow. The lean
angle, A, should preferably be between 3° and 10° from
radial. Alternatively, as shown in Fig. 13C, vanes (or at
least the high pressure side of the vanes) of some em-
bodiments are slightly cylindrical in a plane normal to
the fan axis. The center of curvature is parallel with the
fan centerline and is placed on a tangent to the outside
periphery of the vane. The radius of curvature is approx-
imately 20% of the fan diameter. The vanes are radial
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at the outer periphery of the device, and are more in-
clined toward the flow as radius decreases.

[0074] Fig. 15 is a perspective view of a portion of a
dual ring structure 217 looking axially toward the rear
face 232 of vanes 240. As described above, the leading
edge 242 of vanes 220 is beveled, and the high pressure
side face 236 is shaped. The vanes are slightly cylindri-
cal in a plane normal to the fan axis.

[0075] Other embodiments are within the following
claims. For example, the above described vanes can be
used with fan/shroud combinations that blow air through
a downstream heat exchanger. Specifically, they can be
used with the fan/shroud combinations as generally de-
scribed in a commonly owned U.S. Patent Application
titled Fan Inlet With Curved Lip And Cylindrical Member
Forming Labyrinth Seal, filed on June 17, 1993, by
Michael Sortor, and given serial number 08/079,317.

Claims

1. A fan (20) and housing combination comprising a
fan having a hub that rotates on an axis and blades
(22) extending outwardly from the hub to a circular
band (24) that connects the blade tips, the combi-
nation further comprising a housing to control air-
flow entering the fan, leaving the fan, or both; a por-
tion (26) of the housing being positioned outward of
the fan band so that there are running clearances
between the band and the housing such that recir-
culating airflow moves in a pathway between the
band and the housing; characterised in that sta-
tionary flow control vanes (28) are connected to the
housing in a position to encounter and redirect re-
circulating airflow, said housing and said vanes be-
ing a single injection molded plastic unit.

2. The fan and housing combination as claimed in
Claim 1 in combination with a heat exchanger in
which the housing is positioned upstream from a
heat exchanger, whereby the fan pushes air
through the heat exchanger.

3. A fan (20) and housing combination comprising a
fan having a hub that rotates on an axis and blades
extending outwardly from the hub to a circular band
that connects the blade tips, the combination also
comprising a housing to control airflow entering the
fan, leaving the fan, or both; a portion of the housing
being positioned outward of the fan band so that
there are running clearances between the band and
the housing such that recirculating airflow moves in
a pathway between the band and the housing; the
housing further comprising a rearward housing seg-
ment (27, 29) having a reduction in radius at a lo-
cation rearward of the trailing edge of the fan band,
and elongated motor supports (37) which extend
from the rearward housing segment to a centrally
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10.

1.

12.

13.

14.

positioned motor mount; characterised in that sta-
tionary flow control vanes (28) are connected to the
housing in a position to encounter and redirect re-
circulating airflow, an airflow recirculation pathway
being formed between the fan band and the hous-
ing, and at least a portion of the vanes being posi-
tioned in the pathway.

The fan and housing combination as claimed in
Claim 3 in which the pathway has an inlet formed
between the fan band (24) and the housing (26),
and at least a portion of the vanes (28) is positioned
radially outward of the pathway inlet (34) and the
radially innermost face of the vanes is rounded or
beveled.

The fan and housing combination of Claim 3 in
which, as the housing extends rearwardly from the
location of the radius reduction, the inside diameter
of the housing (29C, 29D) increases.

The fan and housing assembly of Claim 5 in which,
as the housing extends rearwardly from the location
of the radius reduction, the thickness of the housing
(29C) decreases.

The fan and housing combination of Claim 1 or
Claim 3 in which the vanes (28F) are non-radial tak-
en in a section in a plane normal to the fan axis.

The fan and housing combination of Claim 1 or
Claim 3 in which the vanes (28G) are curved taken
in a section in a plane normal to the fan axis.

The fan and housing combination of Claim 1 or
Claim 3 characterised in that the vanes (79, 94,
220) are positioned at least in part upstream of the
fan band (75, 96, 226).

The fan and housing combination of Claim 3 in
which said vanes are all part of a single injection
moulded plastic assembly.

The fan and housing combination of Claim 1 or
Claim 3 wherein said vanes (220) have a beveled
end face (234).

The fan and housing combination of Claim 11
wherein the end faces (234) of said vanes (220) are
beveled by at least 20°.

The fan and housing combination of Claim 12
wherein said vanes are arranged in an array whose
inward tips are connected by an inner ring.

The fan and housing combination of Claim 11 in
which the high pressure side (236) of the vanes has
a concave portion (242) adjacent to the end face of
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the vanes.

The fan and housing combination of Claim 14 in
which the radius of said concave portion is between
0.1S and 1.0S, where S is the spacing between ad-
jacent vanes.

The fan and housing combination of Claim 15 in
which the high pressure side (236) of said vanes is
curved in a plane normal to the fan axis.

The fan and housing combination of Claim 16 in
which the high pressure side (236) of said vanes is
substantially cylindrical in a plane normal to the fan
axis, having a radius of curvature between 0.15D
and 0.3D, where D is the fan diameter.

The fan and housing combination of Claim 11 in
which:

a) the end faces (234) of said vanes (220) are
beveled by at least 20°;

b) the high pressure side (236) of the vanes
(220) has a concave portion (242) adjacent to
the end face of the vanes, having a radius of
curvature of between 0.1S and 1.0S, where S
is the spacing between adjacent vanes; and
c) the high pressure side (236) of the vanes is
substantially cylindrical in section in a plane
normal to the fan axis, having a radius of cur-
vature of between 0.15D and 0.3D, where D is
the fan diameter.

Patentanspriiche

1.

Aus Lifter (20) und Gehause bestehende Baugrup-
pe, zu der ein Lifter mit einer auf einer Achse um-
laufenden Nabe und Fligeln (22), die sich von der
Nabe nach aufien bis zu einem die Fligelspitzen
verbindenden Abschluf3ring (24) erstrecken, sowie
des weiteren ein Gehause zur Fiihrung des in den
Lifter einstromenden, des aus dem LUfter ausstro-
menden Luftstroms oder fiir beides gehéren; wobei
ein Abschnitt (26) des Gehduses so vom
Abschluring des Lufters nach aufien hin angeord-
netist, dal Spalte zwischen dem Abschluf3ring und
dem Gehéause entstehen, so dal die rlickstromen-
de Luft einen zwischen dem Abschluf3ring und dem
Gehaduse vorhandenen Strdmungsweg passiert;
dadurch gekennzeichnet, daB unbewegliche Leit-
bleche (28) am Gehause so befestigt sind, daf sie
dem Ruckluftstrom ausgesetzt sind und diesen um-
lenken, wobei das Gehéause und die Leitbleche in
einem Stlick spritzgegossen sind.

Aus Lifter und Gehduse bestehende Baugruppe
nach Anspruch 1, erganzt durch einen Warmetau-
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scher, wobei das Gehduse dem Warmetauscher
gegeniber vorgeschaltet ist, wodurch der Lifter die
Luft durch den Warmetauscher fordert.

Aus Lifter (20) und Gehause bestehende Baugrup-
pe, zu der ein Lifter mit einer auf einer Achse um-
laufenden Nabe und Fliigeln, die sich von der Nabe
nach auf3en bis zu einem die Fligelspitzen verbin-
denden Abschlufdring erstrecken, sowie des weite-
ren ein Gehause zur Flhrung des in den Lifter ein-
strdmenden, des aus dem Lifter ausstromenden -
Luftstroms oder fiir beides gehdren; wobei ein Ab-
schnitt des Gehaduses so vom Abschluring des
Lifters nach auRen hin angeordnet ist, daf3 Spalte
zwischen dem AbschlufRring und dem Gehause ent-
stehen, so daf} die riickstromende Luft einen zwi-
schen dem Abschluring und dem Gehause vor-
handenen Stromungsweg passiert; wobei zum Ge-
héause des weiteren ein rickseitiges Gehauseseg-
ment (27, 29) mit einer Radiusverringerung an einer
Stelle, die sich gegentuber der riickwarts hervorste-
henden Kante des Lufterabschlufringes weiter in
Ruckwartsrichtung befindet, und eine sich langs
vom riickseitigen Gehdusesegment zu einem in der
Mitte befindlichen Motorlager erstreckende Motor-
lagerung (37) gehdren, dadurch gekennzeichnet,
daB unbewegliche Leitbleche (28) am Gehause so
befestigt sind, daR sie dem Ruckwartsluftstrom
ausgesetzt sind und diesen umlenken, wobei zwi-
schen dem Lifterabschluf3ring und dem Gehause
ein Strdmungsweg fir die riickstrdomende Luft ge-
bildet ist und mindestens ein Abschnitt der Leitble-
che in diesen Strémungsweg hineinreicht.

Aus Lufter und Gehduse bestehende Baugruppe
nach Anspruch 3, bei der der Strdomungsweg eine
Eintritts6ffnung zwischen dem AbschluRring (24)
des Lifters und dem Gehause (26) aufweist und
mindestens ein Abschnitt der Leitbleche (28) radial
auRerhalb der Eintritts6ffnung (34) des Strémungs-
weges angeordnet und die in radialer Richtung am
weitesten innen befindliche Flache der Leitbleche
abgerundet oder abgefast ist.

Aus Lufter und Gehduse bestehende Baugruppe
nach Anspruch 3, bei der der Innendurchmesser
(29C, 29D) des Gehauses mit zunehmender Ent-
fernung von der Stelle der Radiusverkleinerung am
Gehause in Richtung Riickseite groRer wird.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 5, bei der die Dicke des Gehauses
(29C) mit zunehmender Entfernung von der Stelle
der Radiusverkleinerung am Gehdause in Richtung
Ruckseite abnimmt.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 1 oder 3, bei der die Leitbleche
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(28F) in einem Schnitt in einer Ebene senkrecht zur
Lufterachse nicht radial angeordnet sind.

Aus Lufter und Gehduse bestehende Baugruppe
nach Anspruch 1 oder 3, bei der die Leitbleche
(28G) in einem Schnitt in einer Ebene senkrecht zur
Lifterachse gekrimmt sind.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 1 oder 3, dadurch gekennzeich-
net, daB die Leitbleche (79, 94, 220) zumindest teil-
weise entgegen der Strdmungsrichtung vor dem
Lifterabschlufring (75, 96, 226) angeordnet sind.

Aus Lufter und Gehduse bestehende Baugruppe
nach Anspruch 3, bei der samtliche Leitbleche ein
Teil einer aus einem Stick spritzgegossenen
Kunststoffanordnung sind.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 1 oder 3, bei der die Leitbleche
(220) eine abgefaste Stirnflache (234) aufweisen.

Aus Lifter und Gehduse bestehende Baugruppe
nach Anspruch 11, bei der die Stirnflachen (234) der
Leitbleche (220) eine Fase von mindestens 20° auf-
weisen.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 12, bei der die Leitbleche zu einer
Baugruppe zusammenfalt sind, wobei die inneren
Leitblechspitzen durch einen inneren Ring verbun-
den sind.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 11, bei der die Hochdruckseite (236)
der Leitbleche in der Nahe der Stirnflache der Leit-
bleche einen konkaven Abschnitt (242) aufweist.

Aus Lufter und Gehduse bestehende Baugruppe
nach Anspruch 14, bei der der Radius des konka-
ven Abschnitts zwischen 0,1 S und 1,0 S liegt, wo-
bei S der Abstand zwischen den benachbarten Leit-
blechen ist.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 15, bei der die Hochdruckseite
(236) der Leitbleche in einer Ebene senkrecht zur
Lufterachse gekrimmt ist.

Aus Lufter und Gehause bestehende Baugruppe
nach Anspruch 16, bei der die Hochdruckseite
(236) der Leitbleche im groRen und ganzen in einer
Ebene senkrecht zur Lifterachse zylindrischist und
einen Krimmungsradius zwischen 0,15 D und 0,3
D hat, wobei D der Lifterdurchmesser ist.

Aus Lufter und Gehduse bestehende Baugruppe
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nach Anspruch 11, bei der:

a) die Stimflachen (234) der Leitbleche (220)
eine Fase von mindestens 20° aufweisen;

b) die Hochdruckseite (236) der Leitbleche
(220) angrenzend an die Stirnflache der Leit-
bleche einen konkaven Abschnitt (242) einen
Kriimmungsradius von 0,1 S bis 1,0 S aufweist,
wobei S der Abstand zwischen den benachbar-
ten Leitblechen ist; und

¢) die Hochdruckseite (236) der Leitbleche im
Schnitt in einer Ebene senkrecht zur Liifterach-
se im groRen und ganzen zylindrisch ist und ei-
nen Radius von 0,15 D bis 0,3 D aufweist, wo-
bei D der Lifterdurchmesser ist.

Revendications

Combinaison d'un ventilateur (20) et d'un boitier,
comprenant un ventilateur ayant un moyeu qui tour-
ne sur un axe et des pales (22) qui s'étendent vers
I'extérieur du moyeu vers une bande circulaire (24)
qui raccorde les bouts des pales, la combinaison
comprenant en outre un boitier destiné au réglage
de la circulation de I'air entrant dans le ventilateur,
de l'air quittant le ventilateur ou des deux, une partie
(26) du boitier étant disposée vers l'extérieur de la
bande du ventilateur afin qu'il existe des espaces
de passage entre la bande et le boitier si bien qu'un
courant d'air qui recircule se déplace dans un trajet
formé entre la bande et le boitier, caractérisée en
ce que des ailettes fixes (28) de réglage de circu-
lation sont raccordées au boitier en position telle
qu'elles rencontrent et redirigent le courant d'air qui
recircule, le boitier et les ailettes étant formés par
une seule unité de matiére plastique moulée parin-
jection.

Combinaison d'un ventilateur et d'un boftier selon
la revendication 1, combinée a un échangeur de
chaleur, dans laquelle le boitier est disposé en
amont d'un échangeur de chaleur, si bien que le
ventilateur pousse l'air a travers I'échangeur de
chaleur.

Combinaison d'un ventilateur (20) et d'un bofitier
comprenant un ventilateur ayant un moyeu qui tour-
ne sur un axe et des pales qui s'étendent a I'exté-
rieur du moyeu vers une bande circulaire qui rac-
corde les bouts des pales, la combinaison compre-
nant aussi un boitier destiné au réglage de la circu-
lation de I'air entrant dans le ventilateur, de I'air quit-
tant le ventilateur ou des deux, une partie du boitier
étant disposée a l'extérieur de la bande du ventila-
teur afin qu'il existe des espaces de passage entre
la bande et le boitier et que le courant d'air qui re-
circule se déplace suivant un trajet compris entre la
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bande et le boitier, le boitier comprenant en outre
un segment de boitier (27, 29) tourné vers l'arriere
et ayant une réduction de rayon a un emplacement
qui se trouve en arriére du bord de fuite de la bande
de ventilateur, et des supports allongés (37) de mo-
teur qui s'étendent depuis le segment de boitier
tourné vers l'arriére vers une monture de moteur
placée au centre, caractérisée en ce que des ailet-
tes fixes (28) de réglage de circulation sont raccor-
dées au boitier en position telle qu'elles rencontrent
et redirigent le courant d'air qui recircule, un trajet
de recirculation du courant d'air étant formé entre
la bande de ventilateur et le boitier, et une partie au
moins des ailettes étant disposée dans ce trajet.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 3, dans laquelle le trajet a une en-
trée formée entre la bande (24) de ventilateur et le
boitier (26), une partie au moins des ailettes (28)
est disposée radialement a I'extérieur de l'entrée
(34) du trajet et la face radialement la plus interne
des ailettes est arrondie ou chanfreinée.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 3, dans laquelle, lorsque le boitier
s'étend vers l'arriere depuis I'emplacement de ré-
duction de rayon, le diametre interne du boitier
(29C, 29D) augmente.

Ensemble d'un ventilateur et d'un boitier selon la
revendication 5, dans lequel lorsque le boitier
s'étend vers l'arriere depuis I'emplacement de ré-
duction de rayon, I'épaisseur du boitier (29C) dimi-
nue.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 1 ou 3, dans laquelle les ailettes
(28F) considérées en coupe dans un plan perpen-
diculaire a I'axe du ventilateur ne sont pas radiales.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 1 ou 3, dans laquelle les ailettes
(28G) sont courbées, lorsqu'elles sont considérées
en coupe par un plan perpendiculaire a I'axe du ven-
tilateur.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 1 ou 3, caractérisée en ce que les
ailettes (79, 94, 220) sont positionnées au moins en
partie en amont de la bande de ventilateur (75, 96,
226).

Combinaison d'un ventilateur et d'un boitier selon
la revendication 3, dans laquelle les ailettes font
toutes partie d'un seul ensemble de matiére plasti-
que moulée par injection.

Combinaison d'un ventilateur et d'un boitier selon
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la revendication 1 ou 3, dans laquelle les ailettes
(220) ont une face chanfreinée d'extrémité (234).

Combinaison d'un ventilateur et d'un boitier selon
la revendication 11, dans laquelle les faces d'extré-
mité (234) des ailettes (220) sont chanfreinées avec
un angle d'au moins 20°.

Combinaison d'un ventilateur et d'un boftier selon
la revendication 12, dans laquelle les ailettes sont
disposées suivant un arrangement dont les bouts
tournés vers l'intérieur sont raccordés par une ba-
gue interne.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 11, dans laquelle le c6té a haute
pression (236) des ailettes a une partie concave
(242) adjacente a la face d'extrémité des ailettes.

Combinaison d'un ventilateur et d'un boitier selon
larevendication 14, dans laquelle le rayon de la par-
tie concave est compris entre 0,1 Set1,0 S, S étant
I'espacement des ailettes adjacentes.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 15, dans laquelle le c6té a haute
pression (236) des ailettes est courbé dans un plan
perpendiculaire a I'axe du ventilateur.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 16, dans laquelle le c6té a haute
pression (236) des ailettes est pratiquement cylin-
drique en coupe dans un plan perpendiculaire a
I'axe du ventilateur, avec un rayon de courbure
compris entre 0,15 D et 0,3 D, D étant le diamétre
du ventilateur.

Combinaison d'un ventilateur et d'un boitier selon
la revendication 11, dans laquelle :

a) les faces d'extrémité (234) des ailettes (220)
sont chanfreinées suivant un angle au moins
égal a 20°,

b) le c6té a haute pression (236) des ailettes
(220) a une partie concave (242) adjacente a
la face d'extrémité des ailettes, ayant un rayon
de courbure compris entre 0,1 Set 1,0 S, S
étant I'espacement des ailettes adjacentes, et
c) le c6té a haute pression (236) des ailettes
est pratiquement cylindrique en coupe dans un
plan perpendiculaire a I'axe du ventilateur, avec
un rayon de courbure compris entre 0,15 D et
0,3 D, D étant le diamétre du ventilateur.
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