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AXI AL FAN

TECHNI CAL FIELD 5 The present invention

refates to an axial fan to be used for air-condi;ioner outdoor units
and, nore particularly, to an axial fan with an inproved bl ade
configuration. BACKGROUND ART 10 _Convenplpnally,
axi al fans have been used as an air bl ower for air-conditioner
out door units. " Figs. 11 and 12 are a schematic
cross-sectional view and a schematic front view of a commpn out door
unit for air
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AXIAYT, 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

air-conditioner outdoor unit contains an axial fan A equipped

. .with a plurality of (e.g., three) blades 2, 2, 2 around an outer
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circumference of a hub 1. On the suction side of the axial fan
A, a heaf exchanger B having an L-shaped cross sec-tion is placed,
while on the discharge side of the axial fan A there is placed
a crosspiece type discharge grille C. Reférence character D
dénotes a compressor, and E denotes a partition plate which
separates a heat exchange chamber F iﬁ which the axial fan A
and the heat exchanger B are placed, from a machine chamber G

in which the compressor D is placed.



éonditfomers, respectively. As shown in these figures, the 15

ai r-conditioner outdoor unit contains an axial fan A equi pped wth a
plurality of (e.g., three) blades 2, 2, 2 around an outer

circunference of a hub 1. On the suction side of the axial fan A a
heat exchanger B havi ng an L-shaped cross section is placed, whi | e
on the discharge side of the axial fan A there is placed 20 a

crosspi ece type discharge grille C. Reference character D denotes a
conpressor, and E denotes a partition plate which separates a heat
exchange chanber F in which the axial fan A o _ and the heat exchanger B
are placed, froma nmachi ne chanber G in which the conpressor Dis

pl aced. 25 ' - 2-

Meanwhile, in one of conventionally weil-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.é., 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 directioh

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

_frost is formed on the heat exchanger B that is functioning as
an evaporator during the héating operation, the.difection of
air flowing into the axial fan A varies due to a nonuniform
resistance to flow caused by the frost formation.

20 As a result, the inflow angle of air into the blade.
2 also varies so that the flow around the"blade 2 does not
necessarily.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



Meanwhi l e, in one of conventionally well-known axi al fans, bl ades 2

(denot €d by the sane reference nuneral as that —uset—+A-Fgs. 11, 12

for conveni ence) have a generally uniform bl ade thickness fromits

| eadi ng edge 2a to its trailing edge 5 2b, as shByySheat His Rpen ) aee,
8)

for exanple, Japanese Patent Lai d- Qpen Publ | cat .
In such an axial fan, the blade configuration is lwgm E@ h t hat
air flows to the | eading edge 2a of the bl ade angl e
(i.e., the angle shown by solid-line 10 arrow).

However, in the case of an air-conditioner outdoor unit with the
above-descri bed arrangenent, since the.outdoor unit is closed on the
machi ne chanber G side, air is taken in fromtwo sides of the heat

exchanger B so that the direction 15 of air flowing into the axihal fan A
d : [ . f t t at_excha

that i s tuncti oy SRS’ 8681an angis 35 s by e ORATELAS R ERes stk dhi-

he d I t

nonuni form 13+ Zhug.¢he B M bddl? R SV fof ind Joface

As. aresult, therfibéOVeedWi€ing fi'a et {¥rd &f%erodynamic performance

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

DISCLOSURE O‘F THE INVENTION
‘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 aéhieve 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 blhade thickness gradually increases moving awaj from a blade
leading edge and‘ then 'gradually decreases towards a blade
trailing edge, and that r if a length of a camber line extending
20 from the blade leading edge to a position where the blade
thickness beco:ﬁes maximum is taken to be L, and a length of a
camber line extending from fhe blade leading edge to the blade
trailing edge at said arbitrary distance is takén to be L,, then

L/L, falls within a range of 0.27 to 0.35.

[ THIS SHEET HAS BEEN
REPLAGED




2 al'so varies so that the flow around the bl ade 2 does not

necéssarily becone an optinum state. That is, when an axi al fan
havi ng the bl ade configuration showmn in Fig. 13 is adOth—ed --——-—-——-as—ﬁ'le
axial fan A for the outdoor unit of Figs. 11 and 12, the air enters
the | eadi ng edge 2a at an angle larger than or small 1SSheetHaSBeenReP1aced

-3- than the design angle as shown by broken-line arr . Thus,
the air flow tends to be separated fromthe bl ade surf in a
deteriorated aerodynam c performance and/ or an increase aerodynam c sound

| evel of the fan. - 4 - Object of the Invention
It is an object of the present invention to overcone or aneliorate sone of
t he di sadvantages of the prior art, or at |least to provide a useful
alternative. : Di scl osure of the Invention
Accordingly, the inventi f.an Jhavin ura

. ' | I , ,Of
bl ades around an outer Fg]ltﬁoﬂ?l%fs %r#ﬂ?‘ye%%q’ac}f%??‘i%% ?ﬁ Fﬁ&f"ft&/llo blade

G ot ance from SR EPH o‘?iéﬁ?e%“ ik Sl EePbRitndk, Ahataiifideics 1o
graduall y | NCT 65681 0} NG N1 b0 Bepal AR deg%ﬂlg ﬂ?@eb‘i%ﬁ(?t hgﬂrf_fiee s

gradual | y decreases towards a bl ade t I ng edge;

of a canber |ingugpi&sekdEverP it fke Hidow angledo e hasavRPEed | %W{ﬁ‘g
t he bl ade thickness beconmes maxinmumis taken to be L, and a | ength of

canber |ing extamdimgrdvenment cod! seodereatnig p&gﬁ)mﬁée amdde ﬁédiidtﬂﬂn of
edge at said arbitrary distance is taken to be Lo, then L/L[err] falls

wi thin a range tdie Gefodyndnids; saumid viievel nim ghesan.e Idr LALg ©f0 £HTh then
bl ade has a curved surface on an outer circunferential side thereof, said
curved surface ¥he residion aliwiich ftheiklade shiakness deedmesnmaxioutneris
circunferential edge of the blade over a distance S, and wherein if a

length of a curk® @)@P@ﬁ’(ﬂ:ﬁgth? hadelgadingredge ¢ o Thus hpageseparation will

circunferenti aI ed e, nectin
lgr ear r!i.er. % L/L, > 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 iimited,
resulting in an increased aerodynamic sound level.

In the basic constitution of the present invention,

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

_to the camber line length L, is set to fall within a range of
0.04 to 0.12, the ratio of the maximum blade thicknes's tmax to
the camber line léngth L, of the blade becomes optimum for the
aerofoil blade configuration. This gréatly contributes to the

20 improvement of the aerodynamic performance.

| Also, when the ratio, tmax/L, of the maximum blade
thickness tmax to the camber line length L, is set so as to
decrease with increasing ratio, 2R/D,, of a double of a distance
R from the fan center to a fan outer diamet_er bo . at least the

25 ‘maximum blade thickness tmax decreases towards an outer

THIS SHEET HAS BEEN_\
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maxi‘mum t hi ckness positions of the blade with each other, is taken to be
Werr], then SSWerr] on the curve falls within a range of 0.16 to 0. 25.
The present invention, at least in a preferred enmbodi ment provides an axi al
fan which suppresses air separation fromthe bl ade surface as nmuch as
_possible even if the inflow angle of air to the bl ade vari es. Wth
this preferred arrangenent, because an aerofoil blade configuration
superior in aerodynam c characteristics is obtained, air flow separation
fromthe blade surface is suppressed even if the inflow angle of air has
varied, allow ng an inprovenent of aerodynamsc _performance and a reduction
of the aerodynam c sound level in the fan. If L/L[err] < 0.27, then the
position at which the bl ade thickness becones maximumis too close to the
bl ade | eadi ng edge. Thus, air separation will occur earlier. If L/L > 0.35,

hen (he positi oAl bOLCRe 107 BhGd°oENLRK BTS00 RS BRL L1 B 5a 015 F
edge, so that t L o) r e sifde i.n the
direction of rota ?‘(5)"?1 \?g'fﬁjl da%lgfﬁggmﬁgglnoégés}uﬂgit%g |ér)1{%é1‘n'|?fn%$%g%]e%f edge 1s

aerodynam c so t ag} askitution of the preferred
L@f‘fé@l‘!ﬂrelyi%revenfad Ef oR28LEnt LAl

enbodi nent of the present vention, 1f aratio, tfmax/L[err], of a maxi num

tmax of the blade thi ckneghehOatpLesSaber shifecét et dadhh BIddé haPla (ulfved
within a range of 0.04 to 0.12, the ratio of the maxi mum bl ade thi ckness

tmax to the canberfiacecon engtdutérreirainfdrent tie Hits nEHeLsd f WA Wurkved
aerofoil blade configuration. This greatly contributes to the inprovenent

of the aerodynsuxfaeefformedcby roundind|chf theprdmsurd isyrtamx/ifen rdhe
of -t he maxi mnum bl ade thickness tnmax to the canber line length L[err] is set
so as to decr es@tter cArcamfexenidalaedge ofRine blafe axfemadbigtianad Sa inflow
distance R fromthe fan center to a fan outer dianmeter Derr], at |east the
maxi mum bl ade t®f c@hEsErPRathfe HadR'S (PUbPHsCiECBOferential edge becomes

smoother. Therefore, it is possible to suppress air separation
10 in the vicinity of the blade’s outer circumference. 1In 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 oth"er, is taken to
be Wo; and S/W, on the curve is set to be within a range of 0.16
15 to 0.25,' then the air separation on the blade’s outer
. _circumferential side is prevented more effectiveﬁly.

The curved surface may be formed exténdihg 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 cbnfiguration, 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.



-5 : circunferential edge of the blade. Therefore, separation of
inflowair coming fromthe outer circunferential edge is effectively
prevented from occurring. When a pressure surface of each
bl ade has a curved 5 surface on an outer circunferential side thereof,
the curved . surface fornmed by rounding off the pressure surface from
t he outer circunferential edge of the blade over a distance S,

i nfl ow of air fromthe blade's outer circunferential edge becones
snoot her. Therefore, it is possible to suppress air separation 10 in the
vicinity of the blade's outer circunference g Ln this case, if a

| ength of a curve extending froma blade's root to the bl ade's outer
circunferential edge, connecting maxi mum t hi ckness positions of the
bl ade with each other, is taken to be Werr], and S/Werr] on the

gg[);? aj[ ;5 Oﬁegnt ,? hgeb}M;afjgi }.f‘%%? g:l%ee 8I1r\9'e&6sur1f5ace }ngyobez %’onntelaegxfzgﬁd%ril& 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
5 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 extehding from
a position at a specified distance from the blade 1eéding edge
to a position at a specified distance from the blade trailing
edge. The reason of this is that the blade thi&kness 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 formiﬁg the curved
surfaée, but also forming the curved surface may cause air
leakage to occur on the blade trailiﬁg 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 circumferenfial
portion of each blade where no curved surface is formed on the
pressure éurface, the blade’s outer circumferential edge forms

25 an arc by having both the pressure surface and a negative-



-

circunferential side is prevented nore effectively. The
curved ‘'surface may be formed extending froma position at a specified
di stance fromthe bl ade | eadi ng edge - to the blade trailing edge. The
reason of this is that on the 20 bl ade | eadi ng edge side, the bl ade
thickness is small due to the aerofoil blade configuration, so that
air separation hardly occurs even wi thout formng the curved surface

on that side,
i S not
- 6-

in which case it is preferable that the curved surface

forned there.

Al'so, the curved surface may be fornmed extending

from the bl ade | eading edge to a position at a specified distance
fromthe blade trailing edge. The reason of this is that the’

10

15

20

pressure surface rounded off, a smooth inflow of air can be
ensured at the portion where the blade thickness is small, and
besides air leakaée and disturbances of 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

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;

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
relationship between L/L, and the specific sound level in the
akial'fan accdrding td the first embodiﬁent of the présent
invention;

Fig. 5 is a characteristic diagram showing the

relationship between S/W, and the specific sound level in the



bl ade thickness is small on the blade trailing edge side due 5 to the

aerof oi'l bl ade configuration, so that not only air separation hardly
oceurs even without formng the curved surface, but also form ng the
curved surface on the blade trailing edge side may cause air | eakage
to. occur there, in which case it is preferable that the curved
surface is not fornmed at the relevant 10 | ocati on.

Al so, the curved surface may be formed extending from a position at
a specified distance fromthe bl ade | eadi ng edge to a position at a
speci fied distance fromthe blade trailing_ g . edge. The reason of this
Is that the blade thickness is small 15 on both the bl ade | eadi ng edge
side and the blade trailing edge side due to the aerofoil blade
configuration, so that not only air separation hardly occurs even

wi t hout form ng_the cyrved . syrface ut _also fqQrm ng the curved
surface may cad@%li}rgan a°°°F8&€§géx{§58%c€+r%ﬁ £fRo Fﬂﬁggtpilﬁhﬁgﬂﬁﬁﬁﬁnt
side, in which gase .20.. it is preferable that the curved surface is not
forned at the ret evant portions. If, inatrailing

edge-side outer circunfergpyidls 15 a PRAEhORePlsEREN dIARANEREWIRg the

curved surface is formed on"th
relationship between 2R/D, and tmax/L, 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. 10 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;
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.
20
| 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



pressure‘surface, the blade's outer circunferential edge fornms 25 an
arc by having both the pressure surface and a negati ve-

-7 pressure surface rounded off, a snooth inflow of air can be
ensured at the portion where the blade thickness is small, and

besi des air | eakage and di sturbances of flow due to the air | eakage
are effectively suppressed. 5 I f each of the blades has a
cavity, weight of the bl ade is reduced in spite of the increase in
bl ade thickness due to t he aerofoil blade configuration.

In the case that the cavity is fornmed betweery a bl ade body and a

‘cover plate joined to the blade body, the cavity can 10 be forned

easily.

10

15
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3 and Figs. 7 through 10, components similar to those shown in

Figs. 11 through 13 are designated by the same reference symbols.

(First Embodiment)

Figs. 1 to 3 slhow 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 graduallj increases moving away from
the blade J.eading 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
arbitrary distance is taken to be L,, then L/L, is set so as to
fall within a range of 0.27 to 0.35. -Also, the ratio, i:mak/Lo,
of the maximum blade thickness value tmax to the camber line
length L, is set so as to fall within a range of 0.04 to 0.12.
With this arrangement, the ratio of the maximum blade thickness

tmax to the camber line length L, of the blade 2 becomes such



BRIEF DESCRI PTI ON OF THE DRAW NGS

Fig. 1is a front view

‘of an axial fan according to a first enbodi nent of the present

i nvention; 15 Fig. 2 is an enlarged sectional view taken

al ong. t he line Il - Il of Fig. 1; . Fig. 3is an

enl arged sectional view taken along the line I'll - 11l of Fig. 1;
Fig. 4 is a characteristic diagramshowing the 20 rel ati onshi p between
L/L[err] and the specific sound level in the axial fan according to
the first enbodi ment of the present i nvention; Fig.

5 is a characteristic diagramshowing the _ 19 -relationship between
and the specific sound level in the

SIWerr]

5

10

15

20

25

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
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.

With the above constitution, an aerofoil blade
configuration superior in aerodynamic characteristics is
obtained. Therefore, 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 fromjE
the blade surface is suppressed, thus allowing an improvement -
of the aerodynamic performance and a reduction of the
aerodynamic sound level in the fan. Furthermore, the ratio of
the camber line length L, of the blade 2 to the ﬁaximum blade
thickness value tmax becomes optimum for the aerofoil blade
configuration, which greatly contributes to the improvement of
the aerodynamic performance. If L/L, < 0.27, the position at
whiéh the blade thickness becomes maximum is too close to the
blade leading edge 2a so that the separation of inflow air would
occur earlier. On the other hand, if L/L°>-0.35, the position
where the blade thickness becomes maximum is too close to the

blade trailing edge 2b so that the air inflow path leading to



hd

8- ‘ axial fan according to the first enbodi ment of the pr esent

invention; Fig. 6 is a characteristic diagram show ng the
relati onship between 2R/DO and tmax/L[err] in the axial fan according 5
to the first enbodi nent of the present invention; Fig. 7
Is.a front view of an axial fan according to a second enbodi nent of
the present invention; ' Fig. 8 is a front view of an axi al
fan according to a third enbodi nent of the present invention; 10
Fig. 9 is an enlarged sectional view taken along the line I X - I X of
Fig. 8; Fig. 10 is a front yjew of an axial fan according
to a fourth enbodi nent of the present 1nvention;

Fig. 11 is a cross sectional view of an ordinary 15 ai r-conditioner

out door unit; Fig. 12 is a front view of an ordinary

2;2{ icggg: ti,?g\?vr%rﬁosh%{ a@tz:tug? O%rpurgiﬁhiﬁ %régr side in the direc'::1i:196n 1§f iJl"sclataation
would be limited, resulting in an increased aerodynamic sound
level (see Fig. 4).

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

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

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

- to the fan outer diamet;f D, 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

10 of the blade 2, so that inflow 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 founding off the pressure surface 2c from the blade’s outer

. _circumferéntial 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 W,, then, S/W, on the curve X is set in a range éf

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 8/W,< 0.16, then the effect of the curved surface



fan’ ‘accordi ng to the prior art. 20 BEST MODE FOR CARRYI NG OQUT THE
IN\/EI\FI'I ON , Several preferred enbodi nents of the present
invention will be described in detail below with reference to t he
acconpanying drawings. It is noted that in Figs. 1 through _
-9- 3 and Figs. 7 through 10, conponents simlar to those shown in
Figs. 11 through 13 are designated by the sane reference synbol s.

(First Enbodi nent) 5 Figs. 1 to 3 show an axial fan
according to a first embodi ment of the present invention.
- 12 -

2g is diluted, and if S/W,> 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 embodiment, the curved surface 2g is formed

from a position at a specified distance K, from the blade leading

10 edge 2a to the blade trailing ecige 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 aefofdil 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
distanceKk, 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 éircumferential edge 2e).

25



L

Thi's axi al fan has a plurality of blades 2, 2, 'provided around an

outer periphery of a cylindrical hub 1, I|ike _ the one described in

t he background art colum. 10 ~ The cross section of each bl ade
2 at an arbitrary di stance fromthe fan center has an aer of oi
configuration in whi ch the bl ade thickness gradually increases
novi ng away from the bl ade | eadi ng edge 2a and then gradual ly

decr eases towards the blade trailing edge 2b. 15 | f
the length of a canber line fromthe bl ade | eading edge 2a to a
position where the blade has a maxi num t hi gck{gss (i.e., the position
I ndi cated-by a curve X) is taken to be L, and the |l ength of a canber
| i ne extending fromthe blade | eading edge 2a to the blade trailing
edge 2b at the aforenmentioned 20 arbitrary distance is taken to be
L[err], then L/ rrl o d t s to fall within a range of 0.27 to
0?35.]Also, thet$§}¥%,ﬁ$3§§}T§§Fg] of the maxi mum bl ade t hi ckness

I t to th b ' I h I]q i to fall .
\\//\nat lriien ga?(ange ofe 8?04e[ ﬁ)ggz.s and 9 gag%ha%%s{slrdalr @ﬁ;gkﬁggﬁﬁeg?a%@ﬁd
t he naxinun1b|agﬁb6@iﬁgﬁ€s§f €Re préfBxt! PnbEfcgaALEr line length Lerr] of

the bl ade 2 becones suc
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 K,, on the outer circumferential portion of
the pressure surface 2c of the blade 2. Ina 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 the blade thickness on the blade trailiﬁg 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 surface 2qg tﬁere may cause air leékage 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 outef



- 10 - that an optinum aerofoil blade configuration is provided,

which greatly contributes to inprovenment of the aer odynami ¢

per f or mance. Further, each blade 2 has a cavity 3 forned
bet ween 5 a bl ade body 4 and a cover plate 5 joined to the bl ade 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 bl ade
t hi ckness due to the aerofoil blade configuration. ~Wth
the above constitution, an aerofoil blade 10 configuration superior in
aerodynam c characteristics is obt gi pgd. Therefore, even if the_
axial fan is used in, for exanpl e, an air-conditioner outdoor unit
in which the inflow angle of air to the blades 2 tends to vary, air

separation from
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 K, 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 out®F circumferential
portion of the pressure surface 2c of the blade 2, the curved
sﬁrface 2g is formed from a position at the specified distance
K, from the blade leading edge 2a to a position at the specified

15 distance K, from the blade trailing edge 2b. That is, this
_embodimenf is a combination of the second embodiment and the
third embodiment. Otherwise, the constitution aﬁd 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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the bl ade surface is suppressed, thus allow ng an inprovenment. 15 of the

aerodynam c performance and a reduction of the aer odynam c¢ sound
IeveI in the fan. Furthernore, the ratio of the canber line length
L[err] of the blade 2 to the maxi num bl ade t hi ckness val ue t max
becones optimum for the aerofoil bl ade configuration, which greatly
contributes to the inprovenent of 20 t he aerodynam c performance. |If
L/L[err] < 0.27, the position at whi chi t he bl ade thickness-becomes
maxi mumis too close to the bl ade | eadi ng edge 2a so that the
separation of inflowair would occur _eggl Ler. SShehH{asB&Hiepléced

L/L[err] > 0.35, the position where the bladethlck
maxi mumis too close to the 25 bl ade trailing edge 2b H"I
i nflow path leading to :

CLAIMS

1. An axial fan having a plurality of blades (2, 2, ...)
around an outer periphery of a hub (1), characterized in that:
5 a cross-sectional configuration of each of the l;.lades
(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
10 if a length of a camber line extending from the blade
leading edge (2a) to aposition 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 L,, then L/L, falls

15 within a range of 0.27 to 0.35.

2. The axial fan as set forth in Claim 1, wherein a ratio,
tmax/L, of a maximum tmax of the blade thickness to the camber

line length L, falls within a range of 0.04 to 0.12.

20
3. The axial fan as sef forth in Claim 2, whérein said-
ratio, tmax/IL, of the maximum blade thickness tmax to the camber
line length L, is set so as to decrease as al ratio, 2R/D,, of
a double of a distanée R from the fan center to a fan outer
25 diameter D, increases.

) 0 ) [ |
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another blade 2 on the rear side in the direction of rotation woul d
be limted, resulting in an increased aerodynan c sound | evel (see
Fig. 4). : The ratio, tmax/L[err], of the blade thickness
maxi mum 5 value tmax to the canber line | ength L[%ﬁfb is set so as to

decr ease with a ratio of a double of the distan ep Repldcan

center, to the fan outer dianeter D err] increa? ” y a

curve Y ' shown in Fig. 6. Wth this arrangenent, Xi mum
1

bl ade thickness tmax decreases towards the outer circunference of the
bl ade 2, so that inflow air froman outer circunferential edge 2e of
the blade 2 is effectively prevented from Bett g~ separ at ed.

On the outer circunferential side of a pressure ~ surface 2c of each
bl ade 2, there is a curved surface 2g fornmed 15 by rounding of f the
pressure surface 2c fromthe bl ade's outer circunferential edge 2e
over a distance4s i nwar dsThes agliedn fian as set FEgrth. inf Clladm dngtwhefeimea
curve X ranging fromthe bl ade's root 2f to the blade's outer

ci rcunferenti al PE@§8ure guyface (2cgopficedrhgbladent) nhastaickneed surface

positions of the_blade 2 is 20 .taken to be Werr], then, S/Werr] on
the curve X is Egg)iﬂnaqqﬂﬂﬁ;%ﬁ 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
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
10 blade’s outer circumferential edge (2e), connecting
maximum-thickness positions of the blade (2) with each other,
is taken to be W,, then S/W, on the curve (X) falls within a range

of 0.16 to 0.25.

15 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). ' |

20 7. The axial fan as setlforth in Claim 4, wherein éaid

curved surface (2g) is formed extending from the blade leading

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

e

A D

-
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trailing edge (2b).
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0.16 to0 0.25. Wth this arrangenent, inflow of air fromthe bl ade' s
outer circunferential edge 2e becones snoother so that the air
Separation is effectively prevented fromoccurring, in the vicinity

of the bl ades'

outer circunferential edges 2e (see 25 Fig. 5. |If

SSWerr] < 0.16, then the effect of the curved surface

- 12 - 2g is diluted, and if S/Werr] > 0.25, then it is
i npossi ble to ensure obt ai nment of the aerofoil blade configuration.
Ther ef or e, aer odynam c perfornance is lowered in both cases.

5 (Second Enbodi nent) g 7 shows an axial fan
according to a second enbodi nent of tﬁ present invention.
8. The axial fan as set forth in Claim 4, wherein said

10

15

curved surface (2g) is formed extending from a position at a
specified distance from the blade leading edge (2a) toaposition

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(Zc),saﬁdblade'soutercircumferentialedge(2e)forms
an arc (2h) by having both the pressure surface (2c) and a

negative-pressure surface (2h) rounded off.

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

blade (2) has a cavity (3).

1}

-

. -11. The axial fan as set forth in Claim 10, wherein said

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

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

S
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A nm thi*®enbodi nent, the curved surface 2g is formed froma position

at a specified distance K[err] fromthe bl ade | eading 10 edge 2a to
‘the blade trailing edge 2b, on the outer circunferenti al
portion of the pressure surface 2c of each bl ade 2. O herw se, the
constitution and functional effects are the same as in the first
enbodi mrent and so, description about those Is omtted here. 15

The reason for providing the curved surface 2g in the above  manner

I s that because the bl ade thickness on the bl ade | eadi ng edge 2a
side is thin due to the aerofoil bl ade - 1gconfiguration of the blade 2,
air separation does not occur so much even wi thout form ng the
curved surface on that side, in 20  which case it is preferable that the
curved surface 2g i s not formed at the portion on the bl ade | eading
edge side. The di stance Klerr] iﬁgﬁﬁﬁéﬁﬁﬁb'y In a range such that

t he bl ade thi ckness at this dista ' t so large (up to about 7%

of the length of the blade's outer circunferential edge 2e). 25

In an axial fan having a plurality of blades (2, 2, ...) around

an outer periphery of a hub (1), a cross-sectional configuration

5 of each of 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). Also, if a length

of a camber line extending from the blade leading edge (2a) to

10 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 the
arbitrary distance is taken to be L,, then L/L, falls within a
range of 0.27 to 0.35. Thus, the aerodynamic performancé never

15 lowers even if the inflow angle of air into the blade (2) varies. ‘

This Sheet Has Been Replaced
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- 13 - (Thi rd Enbodi ment ) Figs. 8 and 9 show an
axial fan according to a third enbodi nent of the present invention.
In this enbodi ment, the curved surface 2g is forned 5 fromthe bl ade
| eadi ng edge 2a to a position shifted fraomthe bl ade trailing edge
2b toward the | eading edge side by a specified di stance K2, on the

outer cir : | ' 0 . re,sukface 2c of th

bl ade 2. AL S5 T ingOh Ulnbly broken-link dftoRs R FI a5 e e 2 aftr i
each bl add Dbenmseparated fromvebe Hlade susfacé,acesuBlimgi $n f ordeeticrated haerpd@mmic e
surface 2c¢, .the outer circunt reg(t)étﬁlafedge 2e fornms an arc

bl ad&' S . _
2h by havPHEBERAE and/or an ingreass aeradynamiq sqund Jev A negat i ve- pressure

surface 2d rounded off, as shown in Fig. 9. O herw se, the
constitution and functi oObject dfcthledngeatiphe sane as in the first
enbodi nent

It is an object of the present invention to overcome or ameliorate some of the

disadvantages of the prior art, or at least to provide a useful alternative.

Disclosure of the Invention

Accordingly, the invention provides an axial fan having a plurality of blades
around an outer periphery of a hub, characterized in that:

" a 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 if a length of a camber line extending from the blade leading edge 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 to the blade trailing edge at said
arbitrary distance is taken to be L,, then L/L, falls within a range of 0.27 to 0.35; and
wherein a pressure surface of each blade has a curved surface on an outer circumferenfial
side thereof, said curved surface formed by rounding off said pressure surface from an
outer circumferential edge of the blade over a distance S; and wherein 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 W, then S/W, on
the curve falls within a range of 0.16 to 0.25.

The present invention, at least in a preferred embodiment provides an axial fan
which suppresses air separation from the blade surface as much as possible even if the
inflow angle of air to the blade varies.

With this preferred 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 an improvement of
aerodynamic performance and a reduction of the aerodynamic sound level in the fan. If
L/L, < 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/L, > 0.35, then the

position at which the blade thickness becomes maximum is too cloge to the blade trailing
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15" and so, description about those is onmitted here. The

reason for adopting the above configuration is ' t hat because the
bl ade thickness on the blade trailing edge 2b side is thin due to
t he aerofoil blade configuration, not onky air separation hardly
occurs on the blade trailing edge 2b side 20 even without formng the

oo S i gD B v DS Aot
i n whi ch eaagd bé liitef] :ebwltia® irean increasedtdepddyhinaiccsonnd@tvelur f ace 2g i s not
fornmed on the blag}gqtrailin reover, a.snpoth jnflow

. ed 2b side. M
of air is ensur én bas%consgtpﬂgn Bgﬂleipé%%ﬁﬁ‘gF@bP‘ﬁ@eBF € PrsentiRyention, if @
(i.e., an 9 &max/L,, of a maximum tmax of the blade thickness to the camber line fength E, is
circunferential -side portion on the blade trailing edge side),
set to fall within a range of 0.04 to 0.12, the ratio of the maximum blade thickness tmax to
the camber line length L, of the blade becomes optimum for the aerofoil blade
configuration.  This greatly contributes to the improvement of the aerodynamic
performance.
Also, when the ratio, tmax/L,, of the maximum blade thickness tmax to the
camber line length L, is set so as to decrease with increasing ratio, 2R/D,, of a double of a
o distance R from the fan center to a fan outer diameter D,, at least the maximum blade

thickness tmax decreases towards an outer
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‘and besides, air |eakage and disturbances of flowd
| eakage are effectively suppressed. The distance K| A@%"ENT "HEET
preferably within a range such that the bl ade t hi cknesf at that 5
distance is not so large (up to about 25%.of the | enpth @8 Aoé :Hil
bl ade's outer circunferential edge 2e). (Fo r{ h Enbodi nent) .
Fig. 10 shows an axial fan according ﬁm@urth moodtnent— o the
present invention. I enbodi- me t, in the outer
circunferential 1. Arpgxibli faf havingheplifiss uf blades’ {:am@d a6 otler pBEPHYrpde a2,
t he curve?l surface 2g is fornmed froma posi‘tion at the specified
di st ance hub, charqgfeé}zpﬂilq fhthe bl ade | eading edge 2a to a position at the
specified 15 ,dirsdsaR6tforsl 8611 uh{da,maffascrmﬁﬁebraaed dtiaAGrRaS BRance thsh al S
this enbodinent is a cor%m nation_of the second enbodinent and the
third enbeemteref the tamisrsat sch thate Hedesthickness gradually infreaspomaying away frampect s
are the s "tﬁén% SR nts and so,
descripti %r@gg%g ﬂg%fg%sama rﬁ%&;ﬂ %8'%#1? seégé JI%SS ablaﬁet g%'dglé

and if a length of a camber line extending from the blade leading edge 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 to the blade trailing edge at said
arbitrary distance is taken to be L,, then L/L, falls within a range of 0.27 to 0.35; and

- wherein a pressure surface of each blade has a curved surface on an outer.circumferential
side thereof, said curved surface formed by rounding off said pressure surface from an
outer circumferential edge of the blade over a distance S; and wherein 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 W, then S/W, on
the curve falls within a range of 0.16 to 0.25.

2. The axial fan as set forth in Claim 1, wherein a ratio, tmax/L,, of a
maximum tmax of the blade thickness to the camber line length L, falls within a rang® of
0.04 to 0.12.

3. The axial fan as set forth in Claim 2, wherein said ratio, tmax/L,, of the

maximum blade thickness tmax to the camber line length L, is set so as to decrease as a
ratio, 2R/D,, of a double of a distance R from the fan center to a fan outer diameter D,
increases.

4. The axial fan as set forth in Claim 1, wherein said curved surface is
formed extending from a position at a specified distance from the blade leading edge to the
blade trailing edge.

5. The axial fan as set forth in Claim 1, wherein said curved surface is
formed extending from the blade leading edge to a position at a specified distance from the
blade trailing edge. '

6. The axial fan as set forth in Claim 1, wherein said curved surface is
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.

7. The axial fan as set forth in Claim 4, wherein in a trailing edge-side outer

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

O




| NDUSTRI AL APPLI CABI LI TY As descri bed above, the axial fan

of the present invention is used in air conditioners or the I|ike.
-15- CLAI V5 1. An axi al
fan having a plurality of blades ,aroundean outer periphery of a hub,
characterized in that: a cross-sectional configuration of each of:

t he bl ade arhlt b I3 f. r _of, the.fan j,s.set such
that a bl Syaees Rl Shief bRbARRRAECRAE GE0} 7S o) Bving altid etk ng
edge and tshefacepmalcuaigativelpresans swficewourdled affbl ade trail i ng edge;

and if a lengthof a nber . l.i ne extendi dJrom.the bl eadi ng edge to a
posi tion where the bla afcfﬁlg%aegssgz(%’ét@dﬁggal ﬁiv}‘h?ﬁ‘?lpﬁ‘g‘ad@@ﬁll?l?aé HEVRY- and a
length of a caniSer |i rtheeastiginflinngs $et forth!ia Glandes,| WRGHEIAGsAE @8yt i Bemflsade

trailing edge at .sai bitrary distance is taken to be L[err],” then
L/L[err] 1%887"5?“ '@?Aegb@ryraé‘ﬂg"é’o ¢t Rats Joingd tp the blagaodrer ei n a pressure

surface of each blade has a curved surface on an outer circunferential side
t hereof, said curved surface forned by rounding off said pressure surface
froman outer circunferential edge of the blade over a distance S; and
wherein if a length of a curve extending froma blade's root to the bl ade's
outer circunferential edge, connecting maxi numthickness positions of the
bl ade with each other, is taken to be Werr], then SSWerr] on the curve
falls within a range of 0.16 to 0. 25. 2. The axial fan as set
forth in Claiml, wherein a ratio, tmax/L[err], of a maxi mumtnmax of the

bl ade thickness to the canber line length L[err] falls within a range of
0.04 to 0.12. 3. The axial fan as set forth in Caim2, wherein
said ratio, tmax/L[err], of the maxi mum bl ade thickness tmax to the canber
line length L[err] is set so as to decrease as a ratio, 2R Derr], of a
double of a distance Rfromthe fan center to a fan outer dianeter D err]

i ncreases. 4. The axial fan as set forth in Caim1l, wherein
said curved surface is formed extending froma position at a specified

di stance fromthe bl ade | eading edge to the blade trailing edge.

) D AR O
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1%%: “ The axial fan as set forth in Claim1, wherein said curved surface

é;ggfﬁorned extending fromthe bl ade | eading edge to a position at a
“shecified distance fromthe blade trailing edge. 6. The axi a
ffan as set forth in Claim1l, wherein said curved surface is forned
.extending froma position at a specified distance fromthe bl ade |eading.
'edge to a position at a specified distance fromthe blade trailing edge. °
7. The axial fan as set forth in Claim4, whereinin atrailing
edge-side outer circunferential portion of each bl ade where no curved
surface is forned on the pressure

-16 - surface, said blade's outer circunferbhtial edge forns an arc by
having both the pressure surface and a negative-pressure surface rounded
of f. 8. The axial fan as set forth in Claim1, wherein each
bl ade has a cavity. 9. The axial fan as set forth in CaimS8,

wherein said cavity is forned between a I[ABSERAG®Y and a cover plate joined
to the bl ade body.

In an axial fan having a plurality of blades (2, 2, ...) around

an outer periphery of ahub (1), a cross-sectional configuration

5 of each of 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). Also, if a length

of a camber line extending from the blade leading edge (2a) to

10 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 bladé trailing edge (2b) ;;-the

arbitrary distance is taken to be L,, then L/L, falls within a

range of 0.27 to 0.35. Thus, the aerodynamic performance never

N 15 lowers even if the inflow angle of air into the blade (2) varies.
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