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INLET FOR AXTAL FAN

BACKGROUND

[0001] The subject matter disclosed herein relates to vane axial flow fans. More
specifically, the subject matter disclosed herein relates to structures to improve fan stall
performance and/or improve stall recovery hysteresis performance of vane axial flow fans.

[0002] Axial flow fans are widely used in many industries ranging from automotive
to aerospace to HVAC but are typically limited in their application by operating range
restrictions and noise considerations. While vane-axial fans can achieve high static
efficiencies, their limited operating range due to blade stall typically makes the vane-axial fan
impractical for use in many systems that have extended operating range requirements.
Furthermore, the stall and stall recovery performance of an axial fan can be degraded due to
sensitivity to non-optimal or off-design inflow conditions. For example, when an axial fan is
subjected to inflow that is substantially at a right angle to the axis of rotation of the fan, the
fan may experience reduced stall performance and/or increased stall recovery hysteresis. In
certain HVAC applications, such as an indoor fan system for a residential or commercial
packaged product or split system, the reduction in operating range driven by this deficient

stall/recovery hysteresis performance can hinder the application of vane-axial fan technology.

SUMMARY

[0003] In one embodiment, a fan assembly includes a shrouded fan rotor having a
plurality of fan blades extending from a rotor hub and rotatable about a central axis of the fan
assembly, and a fan shroud extending circumferentially around the fan rotor and secured to
an outer tip diameter of the plurality of fan blades. A fan casing encloses the shrouded fan
rotor. The fan casing defines a fan inlet of the fan assembly and includes an inlet extension at
an outer diameter of the fan casing, extending axially upstream of a conventional bell mouth
inlet, relative to a direction of airflow through the shrouded fan rotor.

[0004] Additionally or alternatively, in this or other embodiments the inlet extension
extends between 5% and 20% of the fan rotor tip diameter axially upstream of the
conventional bell mouth inlet.

[0005] Additionally or alternatively, in this or other embodiments the conventional
bell mouth inlet transitions to the inlet extension, the inlet extension including a convex

portion and a concave portion.
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[0006] Additionally or alternatively, in this or other embodiments the concave portion
extends from an inlet extension leading edge axially to a transition point and the convex
portion extends from the transition point to a rotor leading edge.

[0007] Additionally or alternatively, in this or other embodiments the convex portion
axially overlaps the fan shroud.

[0008] Additionally or alternatively, in this or other embodiments the inlet extension
tapers radially from the conventional bell mouth inlet to an inlet extension leading edge at a
taper angle.

[0009] Additionally or alternatively, in this or other embodiments the taper angle is
between 0.5 degrees and 45 degrees.

[0010] Additionally or alternatively, in this or other embodiments a primary direction
of airflow approaching the fan inlet is transverse relative to the central axis.

[0011] In another embodiment, a casing assembly for an axial fan includes a fan
casing extending circumferentially about a central axis, the fan casing defining a fan inlet of
the axial fan, and an inlet extension at an outer diameter of the casing, extending axially
upstream of a conventional bell mouth inlet, relative to a direction of airflow through the
shrouded fan rotor.

[0012] Additionally or alternatively, in this or other embodiments the inlet extension
includes a concave surface extending from an inlet extension leading edge axially to a
transition point and a convex portion extending axially rearwardly from the transition point.

[0013] Additionally or alternatively, in this or other embodiments the inlet extension
is configured to extend axially upstream of a conventional bell mouth inlet, relative to a
direction of airflow through the fan assembly.

[0014] Additionally or alternatively, in this or other embodiments the inlet extension
is configured to extend between 5% and 20% of the fan rotor tip diameter axially upstream of
the conventional bell mouth inlet.

[0015] Additionally or alternatively, in this or other embodiments the inlet extension
tapers radially from the conventional bell mouth inlet to an inlet extension leading edge at a
taper angle.

[0016] Additionally or alternatively, in this or other embodiments the taper angle is
between 0.5 degrees and 45 degrees.

[0017] Additionally or alternatively, in this or other embodiments the inlet extension

is configured to axially overlap a fan shroud of the fan assembly.
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[0018] Additionally or alternatively, in this or other embodiments a primary direction

of airflow approaching the fan inlet is transverse relative to the central axis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The subject matter is particularly pointed out and distinctly claimed at the
conclusion of the specification. The foregoing and other features, and advantages of the
present disclosure are apparent from the following detailed description taken in conjunction
with the accompanying drawings in which:

[0020] FIG. 1 is a perspective view of an embodiment of a fan assembly;

[0021] FIG. 2 is another cross-sectional view of an embodiment of a fan assembly;
and

[0022] FIG. 3 is another partial cross-sectional view of an embodiment of a fan
assembly.

[0023] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawing.

DETAILED DESCRIPTION

[0024] Shown in FIG. 1 is a partially exploded perspective view of an embodiment of
an axial-flow fan 10 utilized, for example in a heating, ventilation and air conditioning
(HVAC) system as an air handling fan. The fan 10 may be driven by an electric motor 12
connected to the fan 10 by a shaft (not shown), or alternatively a belt or other arrangement. In
operation, the motor 12 drives rotation of the fan 10 to urge airflow 14 across the fan 10 and
along a flowpath, for example, to or from a heat exchanger (not shown). The fan 10 includes
a casing 16 with a fan rotor 18, or impeller rotably located in the casing 16. Operation of the
motor 12 drives rotation of the fan rotor 18 about a fan axis 20. The fan rotor 18 includes a
plurality of fan blades 22 extending from a hub 24 and terminating at a fan shroud 26. The
fan shroud 26 is connected to one or more fan blades 22 of the plurality of fan blades 22 and
rotates about the fan axis 20 therewith. The fan 10 further includes a stator assembly 28
including a plurality of stator vanes 30, located downstream of the fan rotor 18. The plurality
of stator vanes 30 extend substantially radially from a stator hub 32 to a stator shroud 34.

[0025] Referring now to FIG. 2, in some applications, such as a rooftop or other
packaged product heating, ventilation, air conditioning and refrigeration (HVAC&R) system,
the fan 10 is oriented such that the airflow 14 directed at a fan inlet 50 of the fan 10 is from a

direction predominantly perpendicular to the fan axis 20. Thus, to flow along the fan axis 20,
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the airflow 14 must be turned 90 degrees before flowing through the fan 10 and, for example,
across a downstream heat exchange surface 52 of the HVAC&R system. This side-flow
condition at the fan inlet 50 can result in poor stall and stall recovery hysteresis performance
of the fan 10, and may limit an operating range of the fan 10, and thus its use in such
applications.

[0026] Referring now to FIG. 3, the fan inlet 50 includes a casing extension 54
extending axially forward of a conventional bell mouth inlet 58, in some embodiments the
casing extension 54 extends in the range of about 5% to about 20% of the fan rotor tip
diameter axially forward of a conventional bell mouth inlet 58. The casing extension 54
provides axial distance for turning of the airflow 14 toward the axial direction along the fan
axis 20 prior to entering the fan rotor 18. With a casing extension 54 length of about one inch,
a reduction in stall recovery hysteresis of about 70% has been achieved, when compared with
a comparable fan without the casing extension 54 that is applied in an installation with
predominantly perpendicular inflow as shown in Fig 2.

[0027] The casing extension 54 extends axially upstream of a conventional bell
mouth inlet 58 to condition the airflow 14 prior to the airflow entering the fan rotor 18. A
casing extension leading edge 60 defines an axially forward-most portion of the casing
extension 54. In some embodiments, the casing extension 54 is formed integral with the
conventional bell mouth inlet 58, while in other embodiments the casing extension 54 is a
separate component from and discontinuous with the conventional bell mouth inlet 58.

[0028] In some embodiments, the casing extension 54 is an axial ring extending
upstream of the conventional bell mouth inlet 58. In other embodiments, the casing extension
58 transitions from the conventional bell mouth inlet 58 at an inlet angle 80 (shown in FIG.
2). In some embodiments, the inlet angle 80 is in the range of 0.5 degrees to 45 degrees, with
in other embodiments, the inlet angle 80 is between 10 and 40 degrees, while in still other
embodiments the inlet angle 80 is between 15 and 30 degrees.

[0029] In some embodiments, as shown in FIG. 3, the casing extension leading edge
60 transitions to the conventional bell mouth inlet 58 via a concave portion 62 extending
from the casing extension leading edge 60 axially to a transition point 64, and a convex
portion 66 extending from the transition point 64 to a rotor leading edge 68. In some
embodiments, the convex portion 68 axially overlaps the fan shroud 26.

[0030] While ideally an axially longer casing extension 54 improves the condition of
airflow 14 entering the fan rotor 18, the performance improvement of the fan 10 must be

balanced with packaging constraints on the fan 10.
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[0031] The utilization of casing extension 54 in the fan 10 improves stall performance
of the fan 10 and further reduces stall recovery hysteresis in comparison to prior fans. These
improvements allow for expansion of the operating envelope of shrouded axial fans, thus
increasing their applicability to a wide range of conditions, such as rooftop HVAC&R
systems, allowing such systems to take advantage of the performance advantages of shrouded
axial fans.

[0032] While the present disclosure has been described in detail in connection with
only a limited number of embodiments, it should be readily understood that the present
disclosure is not limited to such disclosed embodiments. Rather, the present disclosure can
be modified to incorporate any number of variations, alterations, substitutions or equivalent
arrangements not heretofore described, but which are commensurate in spirit and/or scope.
Additionally, while various embodiments have been described, it is to be understood that
aspects of the present disclosure may include only some of the described embodiments.
Accordingly, the present disclosure is not to be seen as limited by the foregoing description,

but is only limited by the scope of the appended claims.
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CLAIMS:

1. A fan assembly, comprising

a shrouded fan rotor including:

a plurality of fan blades extending from a rotor hub and rotatable about a central axis
of the fan assembly; and

a fan shroud extending circumferentially around the fan rotor and secured to an outer
tip diameter of the plurality of fan blades; and

a fan casing enclosing the shrouded fan rotor, the fan casing defining a fan inlet of the
fan assembly and including an inlet extension at an outer diameter of the fan casing,
extending axially upstream of a conventional bell mouth inlet, relative to a direction of
airflow through the shrouded fan rotor.

2. The fan assembly of claim 1, wherein the inlet extension extends between 5%
and 20% of the fan rotor tip diameter axially upstream of the conventional bell mouth inlet.

3. The fan assembly of claim 1 or 2, wherein the conventional bell mouth inlet
transitions to the inlet extension, the inlet extension including a convex portion and a concave
portion.

4. The fan assembly of claim 3, wherein the concave portion extends from an inlet
extension leading edge axially to a transition point and the convex portion extends from the
transition point to a rotor leading edge.

5. The fan assembly of claim 3, wherein the convex portion axially overlaps the fan
shroud.

6. The fan assembly of claim 1 or 2, wherein the inlet extension tapers radially from
the conventional bell mouth inlet to an inlet extension leading edge at a taper angle.

7. The fan assembly of claim 6, wherein the taper angle is between 0.5 degrees and
45 degrees.

8. The fan assembly of any of claims 1 - 7, wherein a primary direction of airflow
approaching the fan inlet is transverse relative to the central axis.

9. A casing assembly for an axial fan, comprising

a fan casing extending circumferentially about a central axis, the fan casing defining a
fan inlet of the axial fan; and

an inlet extension at an outer diameter of the casing, extending axially upstream of a
conventional bell mouth inlet, relative to a direction of airflow through the shrouded fan

rotor.
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10. The casing assembly of claim 9, the inlet extension includes a concave surface
extending from an inlet extension leading edge axially to a transition point and a convex
portion extending axially rearwardly from the transition point.

11. The casing assembly of claim 9 or 10, wherein the inlet extension is configured to
extend axially upstream of a conventional bell mouth inlet, relative to a direction of airflow
through the fan assembly.

12. The casing assembly of claim 11, wherein the inlet extension is configured to
extend between 5% and 20% of the fan rotor tip diameter axially upstream of the
conventional bell mouth inlet.

13. The casing assembly of claim 9, wherein the inlet extension tapers radially from
the conventional bell mouth inlet to an inlet extension leading edge at a taper angle.

14. The casing assembly of claim 13, wherein the taper angle is between 0.5 degrees
and 45 degrees.

15. The casing assembly of any of claims 9 — 14, wherein the inlet extension is
configured to axially overlap a fan shroud of the fan assembly.

16. The casing assembly of any of claims 9 - 15, wherein a primary direction of

airflow approaching the fan inlet is transverse relative to the central axis.
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