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(54) AXIAL FAN WITH TIP FENCES

(57) An axial flow fan includes a generally hollow cas-
ing 30 defining an inlet end 40 and an outlet end 42 of
the axial flow fan. A diameter of the casing 30 increases
from the inlet end 40 to the outlet end 42. An impeller 22
is rotatably mounted within the casing 30. The impeller
22 includes a hub 26 and a plurality of fan blades 24
extending from a root 44 located at the hub 26 to a blade

tip 32. A diameter of the blade tip 32 of each of the plurality
of fan blades 24 increases from the inlet end 40 to the
outlet end 42. A tip fence 52 is located at the blade tip
32 of at least one of the plurality of fan blades 24 and a
length of the tip fence 52 measured perpendicular to the
fan blades 24 is greater than a thickness of the at least
one of the plurality of fan blades 24.
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Description

[0001] The present invention relates to an axial flow
fan. The axial flow fan may be for use in a refrigerated
display merchandiser where food and/or beverages are
displayed.
[0002] Typically, supermarkets and convenient stores
are equipped with display cases or merchandisers, which
may be open or provided with doors, for presenting fresh
food or beverages to customers, while maintaining the
fresh food and beverages in a refrigerated environment.
The refrigeration systems of such merchandisers com-
monly employ a conventional refrigeration cycle and in-
clude an evaporator and evaporator fan operatively as-
sociated with the refrigerated interior of the cabinet, as
well as a condenser, a condenser fan, and compressor.
A refrigerant is circulated by a compressor through re-
frigerant lines connecting the compressor, the condens-
er, and the evaporator in a conventional manner to form
a closed circuit. Typically, cold, moisture-bearing air is
provided to the product display zone of the display case
by passing air over the heat exchange surface of the
evaporator. As the refrigerant evaporates within the
evaporator coil, heat is absorbed from the air passing
over the evaporator so as to lower the temperature of the
air.
[0003] Proper selection of the evaporator fan is impor-
tant to operation of a display merchandiser. Although the
display case has a relatively low pressure duty require-
ment, the path of the air provided to the evaporator fan
is torturous and includes multiple 90 degree turns and
downstream obstructions. Accordingly, integration of ax-
ial fan without affecting both performance and noise of
the merchandiser can be challenging.
[0004] According to a first aspect, the invention pro-
vides an axial flow fan including a generally hollow casing
defining an inlet end and an outlet end of the axial flow
fan. A diameter of the casing increases from the inlet end
to the outlet end. An impeller is rotatably mounted within
the casing. The impeller includes a hub and a plurality of
fan blades extending from a root located at the hub to a
blade tip. A diameter of the blade tip of each of the plurality
of fan blades increases from the inlet end to the outlet
end. A tip fence is located at the blade tip of at least one
of the plurality of fan blades and a length of the tip fence
measured perpendicular to the fan blades is greater than
a thickness of the at least one of the plurality of fan blades.
[0005] Optionally, an axial clearance, measured par-
allel to the diameter of the casing, is defined between the
tip fence of each of the plurality of fan blades and an
adjacent surface of the casing and the axial clearance
remains constant between the inlet end and the outlet
end of the axial flow fan with a tolerance of +/- 1mm.
[0006] Optionally, an outer diameter of the hub increas-
es from the inlet end to the outlet end.
[0007] Optionally, the increase in the diameter of the
hub from the inlet end to the outlet end is generally equal
to the increase in the diameter of the casing from the inlet

end to the outlet end.
[0008] Optionally, the hub has a radially stepped con-
figuration extending in the circumferential direction.
[0009] Optionally, a ratio of the axial length of the tip
fence to the thickness of the at least one of the plurality
of fan blades is between 2 and 10.
[0010] Optionally, the tip fence has a generally con-
stant thickness, or alternatively a thickness of the tip
fence varies.
[0011] Optionally, each of the plurality of fan blades
includes a first surface and a second, opposite surface,
and the tip fence extends beyond both the first surface
and the second surface of the at least one of the plurality
of fan blades.
[0012] Optionally, each of the plurality of fan blades
has a leading edge and a trailing edge, and the tip fence
extends beyond at least one of the leading edge and the
trailing edge of the at least one of the plurality of fan
blades.
[0013] Optionally, the tip fence is integrally formed with
the at least one of the plurality of fan blades.
[0014] Optionally, the casing has a bellmouth contour.
[0015] Optionally, the casing further comprises a sta-
tionary hub oriented in alignment with the hub and a plu-
rality of structural members extending radially outward
from the stationary hub to couple the casing to the sta-
tionary hub.
[0016] Optionally, at least one of the stationary hub
and the plurality of structural members has one or more
openings to allow an airflow to pass there through.
[0017] Optionally, the axial flow fan is mounted in a
refrigerated display cabinet.
[0018] Optionally, the hub and the plurality of fan
blades are formed separately, or alternatively the hub
and the plurality of fan blades are integrally formed.
[0019] According to another aspect, the invention pro-
vides, a refrigerated merchandiser including an axial flow
fan as discussed above. The refrigerated merchandiser
includes a cabinet defining a product display area and
having a compartment separate from the product display
area. An air circulation circuit fluidly couples the compart-
ment and the product display area and the axial flow fan
is an air circulating fan for moving a flow of air axially
through the air circulation circuit. The impeller is a fan
rotor rotatably mounted within the casing and having the
hub and the plurality of fan blades extending from a root
located at the hub to a blade tip. A diameter of the blade
tip of each of the plurality of fan blades increases along
an axial length of the air circulating fan. An axial length
of the tip fence is greater than a thickness of the at least
one of the plurality of fan blades.
[0020] Optionally, a ratio of the axial length of the tip
fence to the thickness of the at least one of the plurality
of fan blades is between 2 and 10.
[0021] Optionally, a clearance is defined between a
blade tip of the plurality of fan blades and a surface of
the casing and the clearance remains constant between
the inlet end and the outlet end of the axial flow fan.
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[0022] Optionally, a diameter of the hub increases over
an axial length of the air circulating fan, and the increase
in the diameter of the hub over the axial length of the air
circulating fan is generally equal to the increase in the
diameter of the casing over the axial length of the air
circulating fan.
[0023] Optionally, an opening is defined between the
casing and the hub, and a width of the opening remains
generally constant over the axial length of the axial flow
fan.
[0024] The following description relates to certain pre-
ferred embodiments and should not be considered limit-
ing in any way. With reference to the accompanying draw-
ings, like elements are numbered alike:

FIG. 1 is perspective view of a fan assembly;
FIG. 2 is a front view of the fan assembly of FIG. 1;
FIG. 3 is a back view of the fan assembly of FIG.;
FIG. 4 is a cross-sectional view of the fan assembly
of FIG. 1;
FIG. 5 is a perspective detailed view of a fan blade
of the fan assembly of FIG. 1;
FIG. 6 is a side view of the fan blade of FIG. 5; and
FIG. 7 is a schematic diagram of a refrigerated dis-
play merchandiser including a fan assembly.

[0025] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.
[0026] With reference to FIGS. 1-4, a fan assembly 20
utilized, for example in a heating, ventilation and air con-
ditioning (HVAC) system to draw air over an evaporator
is illustrated. In the illustrated example, the fan assembly
20 is an axial flow fan; however, it should be understood
that other suitable types of fans, such as a mixed flow
fan for example, are also within the scope of the disclo-
sure.
[0027] The fan assembly 20 includes a fan rotor or im-
peller 22 including a plurality of fan blades 24. The plu-
rality of fan blades 24 is generally equidistantly spaced
about an outer periphery of a rotor hub 26 and extends
radially outwardly from the hub 26 into an opening 28
defined between the hub 26 and an outer casing 30. As
shown, the radially outer end 32 of each of the fan blades
24 is separate. Accordingly, the fan rotor 22 does not
include a fan shroud. The fan blades 24 may be separate
components coupled to the hub 26, or alternatively, the
blades 24 and hub 26 may be integrally formed, such as
from an injection molded plastic for example.
[0028] A motor 34 operably coupled to the fan rotor 22,
such as via a shaft or another coupling means, such as
a belt, rope, or chain for example, may be used to rotate
the fan hub 26 and the fan blades 24 about the fan axis
X to cause air A to be drawn in and pass through the
opening 28. The motor 34 may be oriented such that an
axis of rotation of the motor 34 is arranged generally par-
allel to or coaxial with the fan axis X. In the illustrated

example, the fan assembly 20 includes a stationary hub
36 arranged adjacent the rotor hub 26 and connected to
the casing 30 via one or more structural members 38. As
shown, the structural members 38 may be generally hol-
low to minimize interference with the airflow A. The motor
34 may be affixed to the stationary hub 36 at the inlet 40
of the fan assembly 20. However, other configurations
are also contemplated herein. In operation, the fan rotor
22 is rotated at relatively high speeds to induce the flow
of air A through the casing 30, and in the process it cre-
ates a swirl in the direction of the fan rotation, such that
the air A may have both an axial component and a tan-
gential component.
[0029] With specific reference to the cross-sectional
view of the fan assembly 20 shown in FIG. 4, the casing
30 is formed having a bellmouth contour extending to-
wards the outlet end 42 thereof. As a result, the inner
diameter of the casing 30, generally increases from the
inlet end 40 of the fan assembly 20 to the outlet end 42
of the fan assembly 20. The bellmouth contour of the
casing 30 diffuses the radial flow at the outlet 42 of the
fan assembly 20 to facilitate turning of the airflow A. Sim-
ilar to the casing 30, the outer diameter of the rotor hub
26 may gradually increase along the path of the airflow
A through the fan assembly 20. In an embodiment, the
increase in the diameter of the rotor hub 26 is generally
equal to the increase in the inner diameter of the casing
30 such that the width of the opening 28 defined between
the rotor hub 26 and the casing 30 remains generally
constant between the inlet end 40 and the outlet end 42
of the fan assembly 20. As used herein with reference to
the clearance between the rotor hub 26 and the casing
30 includes a tolerance of +/- 1mm.
[0030] To accommodate the increase in diameter of
the rotor hub 26, the hub 26 has a radially stepped con-
figuration extending in the circumferential direction. In-
clusion of the radial steps eliminates the need for under-
cuts in the associated production tooling that would oth-
erwise form on the downstream surfaces of the blades.
This reduces tooling complexity without sacrificing air-
flow performance benefit.
[0031] The fan rotor 22 may include any number of fan
blades 24. In the illustrated example, the rotor 22 includes
seven fan blades 24. However, it should be understood
that a fan assembly 20 having any configuration including
two or more blades 24 is contemplated herein. The plu-
rality of fan blades 24 may be, but need not be substan-
tially identical.
[0032] With reference now to FIG. 5, each fan blade
24 has a root 44 where the fan blade 24 attaches to the
hub 26 and a tip 32 at the outer extremity of the blade
24, opposite the root 44. Each blade 24 additionally has
a leading edge 46 located upstream with respect to a
direction of rotation and a trailing edge 48 location down-
stream with respect to the direction of rotation. The lead-
ing and trailing edges 46, 48 are joined together at the
root 44 and the tip 32. In this example, the fan blades 24
have a sweep, for example in the direction opposite the
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direction of fan rotation X, referred to as reverse or back-
ward sweep. However, fan blades 24 having a sweep in
the direction of the fan rotation, also referred to as forward
sweep, and fan blades 24 having no sweep such that the
tips 32 of the fan blades 24 are arranged generally within
a plane are also contemplated herein.
[0033] The "span" of the fan blade 24 as referred to
herein is intended to describe the distance between the
root 44 and the tip 32. In the illustrated example, the span
varies along each of the fan blades 24, such as between
a leading and trailing edge 46, 48 for example. As shown
in the FIGS., the fan blades 24 may include a radially
expanding tip 32. Accordingly, the span of the fan blade
24 generally increases from adjacent a first edge, such
as the leading edge 46 for example, to a second, opposite
edge, such as the trailing edge 48 for example. As a
result, the distance between the inner surface 50 of the
casing 30 and a first portion of a fan blade 24 is greater
than the distance between the inner surface 50 of the
casing 30 and a second portion of the fan blade 24. How-
ever, arrangements where the span of the fan blade 24
gradually increases from the trailing edge 48 to the lead-
ing edge 46 and embodiments where the span changes
over only a portion of the fan blade 24 are also contem-
plated herein.
[0034] Disposed at the tip 32 of each fan blade 24 is a
fence 52. The tip fence 52 may be removably coupled to
the fan blade 24, or alternatively, may be integrally
formed therewith. Where the tip fence 52 is integrally
formed with the blade 24, the fan rotor 22 may be formed
by a straight-pull injection molding process, or through
an additive manufacturing process.
[0035] Each tip fence 52 may span the entire peripheral
length of the tip 32, or alternatively, may extend over only
a portion of the periphery of the fan blade 24. In the illus-
trated example, the tip fence 52 extends forward of the
leading edge 46 of the fan blade 24 but is truncated ad-
jacent the trailing edge 48 of the fan blade 24. However,
configurations where the tip fence 52 does not extend to
the leading edge 46 and/or extends beyond the trailing
edge 48 are also possible.
[0036] As best shown in FIGS. 4 and 6, the tip fence
52 extends generally perpendicular to the body of the fan
blade 24 and has an axial length greater than the thick-
ness of the fan blade 24. The axial length of the tip fence
52 may be at least double and up to about 5 times, or
about 10 times the thickness of the fan blade 24. Further,
the tip fence 52 may have a generally constant thickness,
or alternatively, may gradually decrease in thickness
away from the fan blade 24. The tip fence 52 generally
extends beyond at least one of a first surface 54 and a
second, opposite surface 56 of the fan blade 24. In the
illustrated example, the tip fence 52 extends axially be-
yond both the first surface 54 and the second surface 56
to form a partial shroud for a corresponding fan blade 24.
The tip fence 52 manages the clearance gap leakage
flow across the blade tip 32 and reduces sensitivity to
inflow distortion, thereby reducing noise. As previously

described, the clearance between the rotor hub 26 and
an adjacent surface of the casing 30 is generally constant
within a nominal tolerance of +/- 1mm. This clearance is
defined between the tip fence 52 of each fan blade 24
and the casing 30.
[0037] With reference now to FIG. 7, an example of a
refrigerated display merchandiser 100 is illustrated. The
refrigerated display merchandiser 100 includes an outer
cabinet 102 and an inner cabinet liner 104 that defines
within its bounds a product display region 106. The prod-
uct display region 106 may be open, as shown in the
FIG., or enclosed. Refrigerated goods 108 may be stored
on shelves 110, which are mounted in a known manner
within the product display region 106. Several orifices
112 may direct cool air from a back wall 114 into the
product display region 106. The air is configured to cool
the display space 106 and refrigerate the products 108
contained therein.
[0038] The refrigerated display merchandiser 100
houses one or more components associated with a va-
por-refrigeration cycle. For example, an evaporator 120,
may be disposed within the merchandiser 100, in a com-
partment 122 separate from the product display area 106.
Although the compartment 122 is illustrated as being lo-
cated below the product display area 106, systems where
the compartment 122 is located behind or above the prod-
uct display area 106 are also possible.
[0039] Cool air passing over the evaporator 120 is cir-
culated by an air circulation mechanism 124, such as fan
assembly 20 for example, into the product display region
106 through the air flow passages defined by the orifices
112 formed in the wall 114 of the cabinet 100 into the
product display area 106 to maintain the products 108
located therein a desired temperature. As shown, the air
circulation mechanism 124 is mounted between the outer
cabinet 102 and the inner cabinet liner 104 such that the
air flow provided to the mechanism 124 has a tortuous
path including multiple 90 degree turns. By using the fan
assembly 20 having a radially expanding rotor hub 26
and casing 30 as the air circulation mechanism 124, the
ability of the flow to turn 90 degrees at the fan outlet to
enter the downstream portion of the cabinet is improved.
As a result, losses of the fan assembly 20 are reduced.
[0040] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application.
[0041] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
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ations, element components, and/or groups thereof.
[0042] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present invention, as defined
by the claims. In addition, many modifications may be
made to adapt a particular situation or material to the
teachings of the present invention without departing from
the scope thereof, as defined by the claims. Therefore,
it is intended that the present invention not be limited to
the particular embodiment disclosed as the best mode
contemplated for carrying out this present invention, but
that the present invention will include all embodiments
falling within the scope of the claims.

Claims

1. An axial flow fan comprising:

a generally hollow casing (30) defining an inlet
end (40) and an outlet end (42) of the axial flow
fan, wherein a diameter of the casing increases
from the inlet end to the outlet end;
an impeller (22) rotatably mounted within the
casing, the impeller including:

a hub (26);
a plurality of fan blades (24) extending from
a root (44) at the hub to a blade tip (32),
wherein a diameter of the blade tip of each
of the plurality of fan blades increases from
the inlet end to the outlet end; and
a tip fence (52) located at the blade tip of at
least one of the plurality of fan blades,
wherein a length of the tip fence measured
perpendicular to the fan blades is greater
than a thickness of the at least one of the
plurality of fan blades.

2. The axial flow fan of claim 1, wherein an axial clear-
ance (28), measured parallel to the diameter of the
casing (30), is defined between the tip fence (52) of
each of the plurality of fan blades (24) and an adja-
cent surface of the casing and the axial clearance
remains constant between the inlet end (40) and the
outlet end (42) of the axial flow fan, preferably with
a tolerance of +/- 1mm.

3. The axial flow fan of claim 1 or 2, wherein an outer
diameter of the hub (26) increases from the inlet end
(40) to the outlet end (42).

4. The axial flow fan of claim 3, wherein the increase
in the diameter of the hub (26) from the inlet end (40)
to the outlet end (42) is generally equal to the in-

crease in the diameter of the casing (30) from the
inlet end to the outlet end.

5. The axial flow fan of any preceding claim, wherein
the hub (30) has a radially stepped configuration ex-
tending in the circumferential direction.

6. The axial flow fan of any preceding claim, wherein a
ratio of the axial length of the tip fence (52) to the
thickness of the at least one of the plurality of fan
blades (24) is between 2 and 10.

7. The axial flow fan of any preceding claim, wherein
the tip fence (52) has a generally constant thickness.

8. The axial flow fan of any of claims 1 to 6, wherein a
thickness of the tip fence (52) varies.

9. The axial flow fan of any preceding claim, wherein
each of the plurality of fan blades (24) includes a first
surface and a second, opposite surface, and the tip
fence (52) extends beyond both the first surface and
the second surface of the at least one of the plurality
of fan blades.

10. The axial flow fan of any preceding claim, wherein
each of the plurality of fan blades (24) has a leading
edge (46) and a trailing edge (48), and the tip fence
(52) extends beyond at least one of the leading edge
and the trailing edge of the at least one of the plurality
of fan blades.

11. The axial flow fan of any preceding claim, wherein
the tip fence (52) is integrally formed with the at least
one of the plurality of fan blades (24).

12. The axial flow fan of any preceding claim, wherein
the casing (30) has a bellmouth contour.

13. The axial flow fan of any preceding claim, wherein
the casing (30) further comprises:

a stationary hub (26) oriented in alignment with
the hub (26); and
a plurality of structural members (38) extending
radially outward from the stationary hub to cou-
ple the casing to the stationary hub; and option-
ally
wherein at least one of the stationary hub and
the plurality of structural members has one or
more openings to allow an airflow to pass there-
through.

14. The axial flow fan of any preceding claim, wherein
the hub (26) and the plurality of fan blades (24) are
formed separately, or wherein the hub and the plu-
rality of fan blades are integrally formed.

7 8 



EP 3 521 634 A1

6

5

10

15

20

25

30

35

40

45

50

55

15. A refrigerated merchandiser comprising an axial flow
fan as claimed in any preceding claim, the refriger-
ated merchandiser also comprising:

a cabinet (102) defining a product display area
(106) and having a compartment (122) separate
from the product display area; and
an air circulation circuit (124, 112) fluidly cou-
pling the compartment and the product display
area;
wherein the axial flow fan is an air circulating fan
for moving a flow of air axially through the air
circulation circuit.
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