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AXIAL FAN 

TECHNICAL FIELD 

The present invention relates to an axial fan to be 

used for air-conditioner outdoor units and, more particularly, 

to an axial fan with an improved blade configuration. 

BACKGROUND ART 

Conventionally, axial fans have been used as an air 

blower for air-conditioner outdoor units. 

Figs. 11 and 12 are a schematic cross-sectional view 

and a schematic front view of a common outdoor unit for air 

conditioners, respectively. As shown in these figures, the 

15 air-conditioner outdoor unit contains an axial fan A equipped 

_with a plurality of (e.g.; three) blades 2, 2, 2 around an outer 

circumference of a hub 1. On the suction side of the -axial fan 

A, a heat exchanger B having an L-shaped cross section is placed, 

while on the discharge side of the axial fan A there is placed 

20 a crosspiece type discharge grille c. Reference character D 

denotes a compressor, and E denotes a partition plate which 

separates a heat exchange chamber F in which the axial fan A 

and the heat exchanger B are placed, from a machine chamber G 

in which the compressor D is placed. 
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Meanwhile, in one of conventionally well-known axial 

fans, blades 2 (denoted by the same reference numeral as that 

used in Figs. 11, 12 for convenience) have a generally uniform 

blade thickness from its leading edge 2a to its trailing edge 

5 2b, as shown in Fig. 13 (see, for example, Japanese Patent 

Laid-Open Publication No. 55-112898). 

In such an axial fan, the blade configuration is 

designed such that air flows to the leading edge 2a of the blade 

2 at an optimum angle (i.e., the angle shown by solid-line 

10 arrow). 

However, in the case of an air-conditioner outdoor 

unit with the above-described arrangement, since the outdoor 

unit is closed on the machine chamber G side, air is taken in 

from two sides of the heat exchanger B so that the direction 

15 of air flowing into the axial fan A tends to vary. Also, since 

20 

_ frost is formed on the heat exchanger B that is functioning as 

an evaporator during the heating operation, the direction of 

air flowing into the axial fan A varies due to a nonuniform 

resistance to flow caused by the frost formation. 

As. a result, the inflow angle of air into the blade 

2 also varies so that the flow around the blade 2 does not 

necess_arily become an optimum state. That is, when an axial 

fan having the blade configuration shown in Fig. 13 is adopted 

as the axial fan A for the outdoor unit of Figs. 11 and 12, the 

25 air enters the leading edge 2a at an angle larger than or smaller 
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than the design angle as shown by broken-line arrows in Fig. 

13. Thus, the air flow tends to be separated from the blade 

surface, resulting in a deteriorated aerodynamic performance 

and/or an increased aerodynamic sound level of the fan. 

DISCLOSURE OF THE INVENTION 
I 

The present invention having been accomplished in 

view of the above problems, an object thereof is to provide an 

axial fan which suppresses air separation from the blade surface 

10 as much as possible even if the inflow angle of air to the blade 

varies. 

In order to achieve the above object, the present 

invention has a basic construction that, in an axial fan having 

a plurality of blades around an outer periphery of a hub, a 

15 cross-sectional configuration of each of the blades at an 

_arbitrary distance from a center of the fan is set such that 

a blade thickness gradually increases moving away from a blade 

leading edge and then gradually decreases towards a blade 

trailing edge, and that, if a length of a camber line extending 

20 from the blade leading edge to a position where t.he blade 

thickness becomes maximum is taken to be L, and a length of a 

camber line extending from the blade .leading edge to the blade 

trailing edge at said arbitrary distance is taken to be L0 , then 

L/L0 falls within a range of 0.27 to 0.35. 
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With this arrangement, because an aerofoil blade 

configuration superior in aerodynamic characteristics is 

obtained, air flow separation from the blade surface is 

suppressed even if the inflow angle of air has varied, allowing 

5 an improvement of aerodynamic performance and a reduction of 

the aerodynamic sound level in the fan. If L/L0 < 0.27, then 

the position at which the blade thickness becomes maximum is 

too close to the blade leading edge. Thus, air separation will 

occur earlier. If L/L0 > 0. 35, then the position at which the 

10 blade thickness becomes maximum is too close to the blade 

trailing edge, so that the air inflow path to another blade on 

the rear side in the direction of rotation would be limited, 

resulting in an increased aerodynamic sound level. 

In :the basic constitution of the present invention, 

15 if a ratio, tmax/L0, of a maximum tmax of the blade thickness 

to the camber line length L0 is set to fall within a range of 

O. 04 to O .12, the ratio of the ·maximum blade thickness tmax to 

the camber line length L0 of the blade becomes optimum for the 

aerofoil blade configuration. This greatly contributes to the 

20 improvement of the aerodynamic performance. 

Also, when the ratio, tmax/L0 , of the maximum blade 

thickness tmax to the camber line length L0 is set so as to 

decrease with increasing ratio, 2R/D0 , of a double of a distance 

R from the fan center to a fan outer diameter D0 , at least the 

25 maximum blade thickness tmax decreases towards an outer 
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circumferential edge of the blade. Therefore, separation of 

inflow air coming from the outer circumferential edge is 

effectively prevented from occurring. 

When a pressure surface of each blade has a curved 

5 surface on an outer circumferential side thereof, the curved 

surf ace formed by rounding off the pressure surf ace from the 

outer circumferential edge of the blade over a distance S, inflow 

of air from the blade's outer circumferential edge becomes 

smoother. Therefore, it is possible to suppress air separation 

10 in the vicinity of the blade's outer circumference. In this 

case, if a length of a curve.extending from a blade's root to 

the blade's outer circumferential edge, connecting maximum­

thickness positions of the blade with each other, is taken to 

be W0 , and S/W0 on the curve is set to be within a range of 0 .16 

15 to O. 25, then the air separation on the blade's outer 

circumferential side is prevented more effectively. 

The curved surf ace may be formed extending from a 

position at a specified distance from the blade leading edge 

to the blade trailing edge. The reason of this is that on the 

20 blade leading edge side, the blade thickness is small due to 

the aerofoil blade configuration, so that air separation hardly 

occurs even without forming the curved surface on that side, 

in which case it is preferable that the curved surface is not 

""'formed there. 
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Also, the curved surf ace may be formed extending from 

the blade leading edge to a position at a specified distance 

from the blade trailing edge. The reason of this is that the 

blade thickness is small on the blade trailing edge side due 

s to the aerofoil blade configuration, so that not only air 

separation hardly occurs even without forming the curved surface, 

but also forming the curved surface on the blade trailing edge 

side may cause air leakage to occur there, in which case it is 

preferable that the curved surface is not formed at the relevant 

10 location. 

Also, the curved surface may be formed extending from 

a position at a specified distance from the blade leading edge 

to a position at a specified distance from the blade trailing 

edge. The reason of this is that the blade thickness is small 

15 on both the blade leading edge side and the blade trailing edge 

_side due to the aerofoil blade configuration, so that not only 

air separation hardly occurs even without forming the curved 

surface, but also forming the curved surface may cause air 

leakage to occur on the blade trailing edge side, in which case 

20 it is preferable that the curved surface.is not formed at the 

relevant portions. 

If, in a trailing edge-side outer circumferential 

portion of each blade where no curved surface is formed on the 

pressure surface, the blade's outer circumferential edge forms 

25 an arc by having both the pressur~ surface and a negative-
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pressure surface rounded off, a smooth inflow of air can be 

ensured at the portion where the blade thickness is small, and 

besides air leakage and disturbances o~ flow due to the air 

leakage are effectively suppressed. 

If each of the blades has a cavity, weight of the blade 

is reduced in spite of the increase in blade thickness due to 

the aerofoil blade configuration. 

In the case that the cavity is formed between a blade 

body and a cover plate joined to the blade body, the cavity can 

10 be formed easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of an axial fan according to 

-a first embodiment of the present invention; 

15 Fig. 2 is an enlarged sectional view taken along.the 

line II - II of Fig. 1; 

Fig. 3 is an enlarged sectional view taken.along the 

line III - III of Fig. 1; 

Fig. 4 is a characteristic diagram showing the 

2.0 relationship between L/L0 and the specific sound level in the 

axial fan according to the first embodiment of the present 

invention; 

Fig. 5 is a characteristic diagram showing the 

relationship between S/W0 and the specific sound level in the 
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axial fan according to the first embodiment of the present 

invention; 

Fig. 6 is a characteristic diagram showing the 

relationship between 2R/D0 and tmax/L0 in the axial fan according 

5 to the first embodiment of the present invention; 

Fig. 7 is a front view of an axial fan according to 

a second embodiment of the present invention; 

Fig. 8 is a front view of an axial fan according to 

a third embodiment of the present invention; 

10 Fig. 9 is an enlarged sectional view taken along the 

line IX - IX of Fig. 8; 

Fig. 1 O is a front view of an axial fan according to 

a fourth embodiment of the present invention; 

Fig. 11 is a cross sectional view of an ordinary 

15 air-conditioner outdoor .unit; 

20 

Fig. 12 is a front view of an ordinary air-conditioner 

outdoor unit; and 

Fig. 13 is a sectional view of a blade of an axial 

fan according to the prior art. 

BEST.MODE FOR CARRYING OUT THE INVENTION 

Several preferred embodiments of the present 

invention will be described in detail below with reference to 

the accompanying drawings. It is noted that in Figs. 1 through 
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3 and Figs. 7 through 10, components similar to those shown in 

Figs. 11through13 are designated by the same reference symbols. 

(First Embodiment) 

Figs. 1 to 3 show an axial fan according to a first 

embodiment of the present invention. 

This axial fan has a plurality of blades 2, 2, ••• 

provided around an outer periphery of a cylindrical hub 1, like 

the one described in the background art column. 

The cross section of each blade 2 at an arbitrary 

distance from the fan center has an aerofoil configuration in 

which the blade thickness gradually increases moving away from 

the blade leading edge 2a and then gradually decreases towards 

the blade trailing edge 2b. 

If the length of a camber line from the blade leading 

_edge 2a to a position where the blade has a maximum thickness 

(i.e., the position indicated·by a curve X) is taken to be L, 

and the length of a camber line extending from the blade leading 

edge 2a to the blade trailing edge 2b at the aforementioned 

· 20 arbitrary distance is taken to be L0 , then L/L0 is set so as to 

fall within a range of 0.27 to 0.35. Also, the ratio, tmax/L0 , 

of the maximum blade thickness value tmax to the camber line 

length L0 is set so as to fall within a range of 0. 04 to O .12. 

With this arrangement, the ratio of the maximum blade thickness 

25 tmax to the camber line length L0 of the blade 2 becomes such 
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that an optimum aerofoil blade configuration is provided, which 

greatly contributes to improvement of the aerodynamic 

performance. 

Further, each blade 2 has a cavity 3 formed between 

5 a blade body 4 and a cover plate 5 joined to the blade body 4, 

as shown in Fig. 2. This arrangement makes it possible to easily 

reduce the weight of the blade 2 in spite of the increase in 

blade thickness due to the aerofoil blade configuration. 1.--·· 

With the above constitution, an aerofoil blade 

10 configuration superior in aerodynamic characteristics is 

obtained. The~efore, even if the axial fan is used in, for/ 

example, an air-conditioner outdoor unit in which the inflow\ 

angle of air to the blades 2 tends to vary, air separation from · 

the blade surface is suppressed, thus allowing an improvement/ 

15 of the aerodynamic performance and a reduction of the 

_aerodynamic sound level in the fan. Furthermore, the ratio of 

the camber line length L 0 of the blade 2 to the max.llnum blade 

thickness value tmax becomes optimum for the aerofoil blade 

configuration, which greatly contributes to the improvement of 

20 the aerodynamic performance. If L/L0 < 0 .• 27, the position at 

which the blade thickness becomes maximum is too close to the 

blade leading edge 2a so that the separation of inf low air would 

occur earlier. on the other hand, if L/L0 > O. 35, the position 

where the blade thickness becomes maximum is too close to the 

25 blade trailing edge 2b so that the air inflow path leading to 
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another blade 2 on the rear side in the direction of rotation 

would be limited, resulting in an increased aerodynamic sound 

level (see Fig. 4). 

The ratio, tmax/L0 , of the blade thickness maximum 

5 value tmax to the camber line length _Lo is set so as to decrease 

with a ratio of a double of the distance R from the fan center, 

· to the fan outer diameter D0 increases, as shown by a curve Y 

shown in Fig. 6. With this arrangement, at least the maximum 

blade thickness tmax decreases towards the outer circumference 

1 o of the blade 2, so that inf low air from an outer circumferential 

edge 2e of the blade 2 is effectively prevented from being 

separated. 

On the outer circumferential side of a pressure 

surface 2c of each blade 2, there is a curved surface 2g formed 

15 by rounding off the pressure surface 2c from the blade's outer 

_circumferential edge 2e over a distance S inwards, as shown in 

Fig. 3. If the length of the curve x ranging from the blade's 

root 2f to the blade's outer circumferential edge 2e and 

connecting the maximum thickness positions of the blade 2 is 

20 taken to be W0 , then, S/W0 on the curve X is set in a range of 

0.16 to 0.25. With this arrangement, inflow of air from the 

blade's outer circumferential edge 2e becomes smoother so that 

the air separation is effectively prevented from occurring.in 

the vicinity of the blades' outer circumferential edges 2e (see 

25 Fig. 5). If S/W0 < 0.16, then the effect of the curved surface 
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2g is diluted, and if S/W0 > 0.25, then it is impossible to ensure 

obtainment of the aerofoil blade configuration. Therefore, the 

aerodynamic performance is lowered in both cases. 

5 (Second Embodiment) 

Fig. 7 shows an axial fan according to a second 

embodiment of the present invention. 

In this embpdiment, the curved surface 2g is formed 

from a position at a specified distance K_1 from the blade leading 

10 edge 2a to the blade trailing edge 2b, on the outer 

circumferential portion of the pressure surface 2c of each blade 

2. Otherwise, the constitution and functional effects are the 

same as in the first embodiment and so, description about those 

is omitted here. 

15 The reason for providing the curved surface 2g in the 

above manner is that because the blade thickness on the blade 

leading edge 2a side is thin due to the aerofoil blade 

configuration of the blade 2, air separation does not occur so 

much even without forming the curved surface on that side, in 

20 which case it is preferable that the curved surface 2g is not 

formed at the portion on the blade leading edge side. The 

distance K1 is preferably in a range such that the blade thickness 

at this distance is not so large (up to about 7% of the· length 

of the blade's outer circumferential edge 2e). 

25 
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(Third Embodiment) 

Figs. 8 and 9 show an axial fan according to a third 

embodiment of the present invention. 

In this embodiment, the curved surface 2g is formed 

5 from the blade leading edge 2a to a position shifted from the 

blade trailing edge 2b toward the ·leading edge side by a 

specified distance K2, on the outer ~ircumf erential portion of 

the pressure surface 2c of the blade 2. In a trailing edge.:..side 

outer circumferential portion of each blade 2 where no curved 

10 surface 2g is formed on the pressure surface 2c, the blade's 

outer circumferential edge 2e forms an arc 2h by having both 

the pressure surface 2c and a negative-pressure surface 2d 

rounded off, as shown in Fig. 9. Otherwise, the constitution 

and functional effects are the same as in the first embodiment 

15 and so, description about those is omitted here. 

The reason for adopting the above configuration is 

that because tbe blade thickness on the blade trailing edge 2b 

side is thin due to the aerofoil blade configuration, not only 

air separation hardly occurs on the blade trailing edge 2b side 

20 even without forming the curved surface there, but also forming 

the curved surf ace 2g there may cause air leakage to occur on 

the blade trailing edge 2b side, in which case it is preferable 

that the curved surface 2g is not formed on the blade trailing 

edge 2b side. Moreover, a smooth inflow of air is ensured at 

25 the portion where the blade thickness is thin (i.e., an outer -· 
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circumferential-side portion on the blade trailing edge side) , 

and besides, air leakage and disturbances of flow due to the 

air leakage are effectively suppressed. The distance K2 is 

·preferably within a range such that the blade thickness at that 

5 distance is not so large (up to about 25% of the length of the 

blade's outer circumferential edge 2e). 

(Fourth Embodiment) 

Fig. 10 shows an axial fan according to a fourth 

10 embodiment of the present invention. 

In this embodiment, in the ou'tCer circumferential 

por~ion of the pressure surface 2c of the blad~ 2, the curved 

surface 2g is formed from a position at the specified distance 

K1 from the blade leading edge 2a to a position at the specified 

15 distance K2 from the blade trailing edg.e 2b. That is, this 

embodiment is a combination of the second embodiment and the 

third embodiment. Otherwise, ·the constitution and functional 

effects are the same as in the first through the third 

embodiments and so, description about the same thing is omitted 

20 here. 

INDUSTRIAL APPLICABILITY 

As described above, the axial fan of the present 

invention is used in air conditioners or the like. 
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CLAIMS 

i. An axial fan having a plurality of blades ( 2, 2, ••• ) 

around an outer periphery of a hub ( 1), characterized in that: 

a cross-sectional configuration of each ot the blades 

(2) at an arbitrary distance from a center of the fan is set 

such that a blade thickness gradually increases moving away from 

a blade leading edge { 2a) and then gradually decreases towards 

a blade trailing edge (2b); and 

if a length of a camber line extending from the blade 

leading edge (2a) to a position where the blade thickness becomes 

maximum is taken to be L, and a length of a camber line extending 

from the blade leading edge (2a) to the blade trailing edge (2b) 

at said arbitrary distance is taken to be L0 , then L/L0 falls 

15 within a range of 0.27 to 0.35. 

20 

2. The axial fan as set forth in Claim 1, wherein a ratio, 

tmax/L0 , of a maximum tmax of the blade thickness to the camber 

line length L0 falls within a range of 0.04 to 0.12. 

3. The axial fan as set forth in Claim 2, wherein said-

ratio, tmax/L0 , of the maximum blade thickness tmax to the camber 

line length L0 is set so as to decrease as a ratio, 2R/D0 , of 

a double of a distance R from the fan center to a fan outer 

25 diameter D0 increases. 

111111111111111111111111111111 
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4. The axial fan as set forth in Claim 1, wherein a 

pressure surface (2c) of each blade (2) has a curved surface 

(2g) on an outer circumferential side thereof, said curved 

surface formed by rounding off said pressure surface from an 

5 outer circumferential edge (2e) of the blade over a distance 

10 

15 

20 

,.. . 

s. 

5. The axial fan as set forth in Claim 4, wherein if a 

length of a curve (X) extending from a blade's root (2f) to the 

blade's outer circumferential edge (2e), connecting 

maximum-thickness positions of the blade ( 2) with each other, 

is taken to be w0 , then S/W0 on the curve (X) falls within a range 

of 0.16 to 0.25. 

6. The axial fan as set forth in Claim 4, wherein said 

-curved surface (2g) is formed extending from a position at a 

specified distance from the blade leading edge ( 2a) to the blade 

trailing edge (2b). 

7. The axial fan as set forth in Claim 4-, wherein said 

curved surf ace ( 2g) is formed ext~nding from the blade leading 

edge (2a) to a position at a specified distance from the blade 

trailing edge (2b). 

\ \11\ll\ \\\I\\ Ill\\ \\1\1 \\ ,,I\ 
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8. The axial fan as set forth in Claim 41 wherein said 

curved surface (2g) is formed extending from a position at a 

specified distance from the blade leading edge ( 2a) to a position 

at a specified distance from the blade trailing edge (2b). 

9. The axial fan as set forth in Claim 6, wherein in a 

trailing edge-side outer circumferential portion of each blade 

(2) where no curved surface (2g) is formed on the pressure 

surface ( 2c) , said blade's outer circumferential edge ( 2e) forms 

10 an arc (2h) by having both the pressure surface (2c) and a 

negative-pressure surface (2h) rounded off. 

15 

10. The axial fan as set-forth in Claim 1, wherein each 

blade (2) has a cavity (3). 

- 11 • The axial fan as set forth in Claim 1 O, wherein said 

cavity ( 3) is formed between a ·blade body ( 4) and a cover plate 

(5) joined to the blade body (4). 
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