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SPECI FI CATI ON OUTDOOR UNI'T OF Al R CONDI Tl ONER

TECHNI CAL FI ELD The present invention relates to an
outdoor unit 5 for use in an air conditioner. More particularly, the
i nvention relates to an outdoor unit for use in an air condi ti oner
whi ch unit conprises a propeller fan di sposed in a casing and
conprises an outlet grille disposed on the outlet side of the
propel I er fan. 10 BACKGROUND ART Fig. 20 illustrates
an outdoor unit Zerr] of a convegntional air conditioner. The
outdoor unit Zferr] has a heat exchanger (not shown) and a propeller
fan 22 both

SPECIFICATION

OUTDOOR UNIT OF AIR CONDITIONER

TECHNICAL FIELD
The present invention relates to an outdoor unit
5 for use in an air conditioner. More particularly, the
" invention relates "to an outdoor unit for use in an air
conditioner which unit comprises a propeller fan disposed
in a casing and comprises an outlet grille disposed on the

outlet side of the propeller fan.

10 BACKGROUND ART
Fig. 20 illustrates an outdoor unit 2z, of a
conventional air conditioner. The outdoor unit Z,; has a
heat exchanger (not shown) and a propeller fan 22 ‘both
disposed inside a casing 21 in the shape of a rectangle
15 extending laterally, and has an outlet grille 25 fixed to a
front opening 24 of the casing 21 on the outlet side of the
propeller fan 22.
Essentially, an outlet grille in an outdoor unit
'is provided for preventing the danger that a man might
20 touch a rotating fan, for preventing the breakage of the

fan which might be caused by the intrusion of a foreign



di sposed inside a casing 21 in the shape of a rectangle 15 ext endi ng
laterally, and has an outlet grille 25 fixed to a front opening 24
of the casing 21 on the outlet side of the propel l er fan 22.
Essentially, an outlet grille in an outdoor unit i's provided for
preventing the danger that a man m ght 20 touch a rotating fan, for
preventing the breakage of the fan which m ght be caused by the
intrusion of a foreign - 2-

body into the unit, or for the like pqrg%sg. I n recent years,
however, rather than to such essential objects of t he provi sion,

I ncreasing i nportance has been attributed to obj ects of the

provi sion from vi ewpoi nts such as an 5 i mprovenent in the design of
the outlet grille itself, an i mprovenent in the appearance of the

outdoor unit asody into tMW! Bnaehi enedrby hiyd ngikbe fapdge .t he pynife fL,0m
a person's sight from di agonally above the unlp, and an
al teration to yewersl r aotweoarof ilgor nghan’ fi®Wsueh essential objects of
the provision, increasing importance has been attributed to
objects of the pro&ision from viewpoints such as an
5 improvement in the design of the outlet grille itself, an
improvement in the appearance of the outdoor unit as a
whole achieved by hiding the fan in the unit from a
person’s sight from diagonally above the unit, and an
alteration to the direction of outgoing airflow in
10 accordance with the location of the outdoor unit.
From such viewpoints, the outlet grille 25 takes
the shape of a lattice as follows: The outlet grille 25
comprises an outer frame 28 having a square outlet opening
29 on the inside thereof, a plurality of blades 26, 26,
15 extending laterally within the outer frame 28 and disposed
in parallel with one another at given vertical intervals,
and a plurality of support crosspieces 27, 27, .. vertically
linking the blades 26, 26, .. to one another. In this
arrangement, as shown in Figs. 21 and 22, the blades 26
20 have a comparatively wide cross section curved upward with
respect to the direction from a front edge 26a facing the
propeller fan 22 to a rear edge 26b on the outdoor side, so
as to combine a good design and the function of hiding the
inside of the unit and the function of deflecting outgoing

25 airflow.



10 accordance with the | ocation of the outdoor unit.

From such viewpoints, the outlet grille 25 takes the shape of a

| attice as follows: The outlet grille 25 conprises an outer frame
28 having a square outlet opening 29 on the inside thereof, a
plurality of blades 26, 26, 15 extending laterally within the outer
frame 28 and di sposed in parallel with one another at given vertica
i nterval s, and a plurality of support crosspieces 27, 27,
vertically linking the blades 2§, 26, ... to one another. I n
this arrangenent, as shown in Figs.” 21 and 22, the blades 26 20
have a conparatively w de cross section curved upward with respect
to the direction froma front edge 26a facing the propel l er fan 22
to a rear edge 26b on the outdoor side, so as to conbine a good

design and the functionzgf w&&'&ofh%mt 7 EBRbYe s2hgt NediNh L 20t Ag ke

function of deflecting outgoing 25 ? ow
- 3- outlet grille 25 as descrlbed above has the following

problems.
In the casé that the propeller fan 22 rotates in
5 the direction of an arrow R (counterclockwise) to perform
blow, as shown in Fig. 20, airflow forwarded from the
propeller fan 22 toward the outlet grille 25 is
counterclockwise swirl flow as shown by hollow arrows in
the figure.

10 In this case, the airflow enters between the
blades 26, 26, .. of the outlet grille 25 from above, in the
left-gside area in a view toward the propeller fan 22 in
Fig. 20, while the airflow enters between the blades 26,
26, .. of the outlet grille 25 from below, in the right-side

15 area in a view toward the propeller fan 22. The states of
the airflow passing through the blades in both the areas
are illustrated as airflow 1lines in Figs. 21 and 22,
respectively.

In the case that, as shown in Fig. 21, airflow A

20 having a downward component of velocity enters between the
blades 26, the airflow A is greatly deflected upward by the
blades 26, and airflow separation is therefore prone to
‘occur on the lower surfaces (i.e., on the suction surfaces)
of the blades 26, so that large vortexes are generated

25 under the blades 26. In the case that, as shown in Fig.



The outdoor unit Z[err] conprising the lattice-Iike outlet grille 25
as descri bed above has the follow ng pr obl ens. I n
the case that the propeller fan 22 rotates in 5 the direction of an
arrow R (countercl ockwi se) to perform bl ow, as shown in Fig. 20,
airflow forwarded fromthe propeller fan 22 toward the outlet
grille 25 is countercl ockwi se swirl flow as shown by hol | ow
arrows in the figure. 10 ) In this case, the airflow
enters between the bl ades 26, 2 ... of the outlet grille 25 from
above, in the left-side area in a view toward the propeller fan 22
in Fig. 20, while the airflow enters between the bl ades 26,

26, ... of the outlet grille 25 frombelow, in the right-side 15 area
inaviewtoward the propeller fan 22. The states of the airflow

passi ng throu@m1ﬂﬁﬁf$f5W5A'Ha@9ﬁ§ kheupwaas compone%&edﬂld@ﬂééﬁé?’éﬁ%eﬁs
n

airflowlines in Figs. 21 and 22, respectivel

the case that beasvesdoWhé I"bfa@es 236, ahﬁ.iEQMAseggratlaﬁVh@g F%o@fé“%r cur
conponent of velocity enters bet ween t he bl ades 26, the airflow Als

greatly defl ecredtbhpwaighery shefaces (ihleadesoR6rhandswdd fdoWsgeparakhon# s

therefore prone to occur on the | ower surfaces (i.e., on the suction

sur f aces) the ogpladlesbl2®dess@6that tlwmtgd avgeteaectexase agengeneeadt asrer
5 the blades.

As a result, an increase in the turbulence in the
airflow outgoing from the outlet grille 25 causes an
increase in aerodynamic noise which hinders the quiet
operation of the outdoor unit, an increase in ventilating

10 resistance at the outlet grille 25 which increases the load
for driving the fan, and other problems.

It is a primary object of the present invention
to provide an outdoor unit for use in an air conditioner
which is capable of making as small as possible the

15 turbulence in airflow at the outlet grille, so as to
achieve the quiet operation and so as to reduce the load

for driving the fan.

DISCLOSURE OF THE INVENTION
As specific means for resolving such problems,
20 the invention employs the following arrangements:
The invention provides an outdoor unit for use in
an air conditioner comprising a casing, a propeller fan
disposed in the casing, and an outlet grille disposed on an

outlet side of the propeller fan, the outlet grille having



25 under the blades 26. |In the case that, as shown in Fig.

-4- 22, airflow A having an upward conponent of velocity enters
bet ween the bl ades 26, airflow separation is prone to occur on the
upper surfaces (i.e., on the suction surfaces) of t he bl ades 26, so
that | arge vortexes are generated over 5 t he bl ades.

As a result, an increase in the turbulence in the ai rfl ow out goi ng
fromthe outlet grille 25 causes an i ncrease in aerodynam c nhoi se
whi ch hi nders the quiet operatign of the outdoor unit, an increase
in ventilating 10 resistance at tRe>odt! et grille 25 which increases
the | oad for driving the fan, and ot her probl ens.

"It is a primary object of the present invention to provide an
outdoor unit for use in an air conditioner whi ch i s capabl e of

gﬁf: ng azrfpﬁé! &?O&%Zg%§§ hguadPilatbUERPUIRRARE [dhelhd! Qe Havids a
plurality of blades disposed in parallel with one another
at given intervals in the outlet opening,

the outdoof unit for use in an air conditioner
5 characterized in that, with respect to a plane which
intersects with lines extending along lengths of the blades
at a given angle in a rotational direction of the fan and
which includes a central axis of the fan, a difference is
provided between an inlet angle of portions of the blades
10 positioned in an area on one side of the plane and an inlet
angle of portions of the blades positioned in an area on
the other side of the plane.
In the invention, the inlet angle of the portions
of the blades positioned in the area on one side of the
i5 plane and the inlet angle of the portions of the blades
positioned in the area on the other side of the plane can
be respectively conformed to the directions of influx of
swirl flow from the propeller fan. For example, in the
area where the direction of influx of the swirl flow is
20 downward, the inlet angle of the portions of the blades
positioned in the area is set upward; in the area where the
direction of influx of the swirl flow is upward, the inlet
angle of the portions of the blades positioned in the area
is set downward. With this arrangement, airflow separation

25 on the suction surfaces of the blades subjected to the



achieve the quiet operation and so as to reduce the | oad for drivin
the fan.

means for

unit f
f an

or

DI SCLOSURE OF THE | NVENTI ON As specific

resol ving such problens, 20 the invention enpl oys the
foll owi ng arrangenents:

The invention provides an outdoor

use in an air conditioner conprising a casing, a propeller
di sposed in the casing, and an outlet grille disposed on an

outl et side of the propeller fan, the outlet grille having

-5-

a substantially quadrilateral outlet opening and having a

plurality of blades disposed in paralreﬁ W th one anot her at given
intervals in the outlet opening, the outdoor unit for use

in an air
pl ane which

bl ades

10

15

20

25

condi ti oner 5 characterized in that, wth respect to

intersects with lines extending along | engths of the
airflow is effectively restrained, although the airflow

from the propeller fan 1is the swirl flow and makes
different the directions of influx of the airflow at the
portions of the bladeé. Accordingly, the turbulence in the
discharged airflow can be preven;ed as completely as
possible throughout the outlet opening of the outlet
grille. As a result, aerodynamic noises are reduced, so
that quiet operation of the outdoor wunit 1is achieved.
Additionally, the ventilating resistance at the outlet
grille is reduced, so that the load for driving the fan is
reduced.

In accordance with an embodiment, with respect to
the plane, a difference is provided between a chord length
of the portions of the blades positioned in the area on the
one side of the plane and a chord length of the portions of
the blades positioned in the area on the other side of the
plane.

In the outdoor unit for use in an air conditioner
according to the embodiment, the chord length of the
portions of the blades positioned in the area on one side
of the plane and the chord length of the portions of the

blades positioned in the area on the other side of the

plane can be respectively conformed to the directions of

influx of swirl flow from the propeller fan and to the

direction of discharge from the outlet grille. For

g

a



at a given angle in a rotational direction of the fan and whi ch

I ncl udes a central axis of the fan, a difference is provi ded between
an inlet angle of portions of the blades 10 positioned in an area on
one side of the plane and an inlet angl e of portions of the bl ades
positioned in an area on t he ot her side of the plane.

In the invention, the inlet angle of the portions of the bl ades
positioned in the area on one side of the 15 pl ane and the inlet angle
of the portions of the bl ades po;itioned in the area on the other
side of the plane can be respectively conforned to the directions of
I nflux of swrl flowfromthe propeller fan. For exanple, in the
area where the direction of influx of the swirl flowis 20 downwar d,
the inlet angle of the portions of the bl ades positioned in the area

is set upwar déxg@ggg? ALAH gtessgh%hat £ edéi{,ﬁ{g{;l{?&not)fi fﬁﬂ%gﬁﬁ%éh ram

swirl flowis up . angl e of the portions bl ades
posi tioned inchhe @t grillds igeteddoVnppada, Wetds tdiS-@r 1aRGEREMYUE the

airflow separation 25 on the suction surfaces of the bl adeS subjected
to the portions of the blades positioned in the area where the
direction of influx éf the swirl flow is downward is set

5 large to ensure a sufficientl deflecting effect.
Consequently, the airflow which has entered between the
blades in the downward direction <can be deflected
sufficiently wupward by the blades and thus can be
discharged. On the other hand, the chord length of the

10 portions of the blades positioned in the area where the
direction of influx of the swirl flow 1is upward is set

small to make the effect of deflecting the entering airflow

as swmall as possible. Consequently, the airflow which has
entered between the blades in the upward direction can be

15 discharged upward through the blades just as it was. In
the case that the direction of discharge from the outlet
grille is set downward, leftward, or rightward, the similar
arrangement corresponding to each direction is provided.

As a result, airflow separation on the suction surfaces of

20 the Dblades subjected to the airflow 1is effectively
restrained, although the airflow from the propeller fan is

the swirl flow and makes different the directions of influx

of the airflow at the portions of the blades. Accordingly,

the turbulence in the discharged airflow can be prevented

25 as completely as possible throughout the outlet opening of



- 6- airflowis effectively restrained, although the airfl ow
fromthe propeller fanis the swirl flow and makes different the
directions of influx of the airflow at the portions of the bl ades.
Accordingly, the turbulence in the 5 di scharged airflow can be
prevented as conpletely as possi bl e t hroughout the outl et opening
of the outl et grille. As a result, aerodynam c noises are reduced,
SO that qui et operation of the outdoor unit is achieved.
Additionally, the ventilating resistance at the outlet 10 grille is
reduced, so that the load for driving The Tan is reduced.

I n accordance with an enbodi nent, with respect to the plane, a
difference is provided between a chord | ength of the portions of the
bl ades positioned in the area on the 15 one side of the plane and a

O O honILh And NEuRIEL! AgPifle.  as WNrBLATEY RRBIIANGAL NLE.A oo on

the other side of the o0or un

for use in an @idudandi EbORYat more &GSEEdiRRrse idhe Sbedimeniaddie gherd

length of the 20 portions of the blades positioned in the area on one
si de ofig hacmﬂi%%dé)ndaaa@tQbﬁéﬂilk(ﬁngﬁﬂb Ofvehnitq 1R@MNgONSe 8 st Afice at
bl ades positioned i-n the area on the other side of the

the outlet grille is reduced, so that the load for driving
5 the fan is further reduced.

In accordance with an eﬁbodiment, the angle at
which the plane intersects with the lines extending along
the lengths of the blades is set within the range between
90° and 135°.

10 The airflow forwarded as swirl flow from the
propeller fan travels from the rear edges of the propeller
fan to the front edges of the blades while rotating in the
area between the rear edges of the propeller fan and the
front edges of the blades. In the outdoor unit for use in

15 an air conditioner according to the embodiment, the plane
generally coincides with the border between the area where
the swirl flow actually enters between the front edges of
the blades in a downward direction and the area where the
swirl flow actually enters between the front edges of the

20 blades in an upward direction, considering the angle
through which the airflow rotates in the direction of the
rotation of the fan between the instant when the airflow
departs from the rear edges of the propeller fan and the

instant when the airflow reaches the front edges of the



pl ane can be respectively confornmed to the directions of I nflux of
swrl flowfromthe propeller fan and to the 25 direction of

di scharge from the outlet grille. For

-7- exanple, in the case that the direction of discharge from
the outlet grille is set upward, the chord |ength of the portions of
the bl ades positioned in the area where the direction of influx of
the swirl flowis dowward is set 5 | ar ge to ensure a

sufficient deflecting effect. _ Lonsequently, the airflow which has
entered between the blades in the downward direction can be
defl ected sufficiently upward by the bl ades and thus can be

di scharged. On the other hand, the chord length of the 10 portions of
the bl ades positioned in the area where the direction of influx of

the swirl flowjizgedpwar hdcorRBingly, thénvslﬂodéln@iteidrr&a e&%eeetgf of the
deflecting the entering airfl ow as small as possib
Consequent |y, ithRentiildd @anMbehidid®eved more reliably.

In accordance with an embodiment, shapes of rear

edges toward the outside of the plurality of blades are the
5 same throughout the outlet grille.

The outdoor unit for use in an air conditioner
according to the embodiment achieves the above-mentioned
effects of the invention and provides a good appearance in
a view from the outside. Accordingly, the bétter

10 appearance is achieved, the higher value of the outdoor
unit as a commodity 1s expected.

In accordance with an embodiment, front edges of
the plurality of blades are sawtoothed.

In the outdoor unit for use in an air conditioner

15 according to the embodiment, a large number of small,
vertical vortexes are generated from the zroots of the
sawteeth on the front edges of the blades, so that the
airflow having high velocities of flow at large distances
from the suction surfaces of the blades can be drawn close

20 to the suction surfaces. Accordingly, airflow separation
on the suction surfaces of the blades 1is effectively
restrained, even though the inlet angles or chord length of
the blades has a certain degree of deviation from the

optimum values for the directions of influx of the airflow



entered between the blades in the upward direction can be 15 di schar ged
upward through the bl ades just as it was. I n the case that the
direction of discharge fromthe outl et grille is set downward,

| eftward, or rightward, the simlar arrangement corresponding to
each direction is provided. As a result, airflow separation on the
suction surfaces of 20 the blades subjected to the airflow is
effectively restrai ned, although the airflow fromthe propeller fan
S the swirl flow and nakes diffirent the directions of influx

of the airflow at the portions of t he "brgdés. Accordi ngly, t he
turbul ence in the discharged airflow can be prevented 25 as conpletely
~as possible throughout the outlet opening of

8- the outlet grille. As a result, aerodynam c noises are

0N S0 oI e SORRERgReY!, e £ AR Ve st ndfopes
grille is reduserbets® dhaghé hentOrEi bRTafE | ¥éRPeved more reliably.

In accordance with an embodiment, the sawtoothed
shapes of the front-edges of the blades are formed of a

5 plurality of tapered projections.

In the outdoor unit for use in an air conditioner
according to the embodiment, a large number of small,
vertical vortexes are generated from the root of each
tapered projection, so that the airflow having high

10 velocities of flow at large distances from the suction
surface of the blade can be drawn close to the suction
surface. Accordingly, airflow separation on the suction
surface of the blade is effectively restrained, even though
the inlet angles or chord length of the blade has a certain

15 degree of deviation from the optimum values for the
directions of influx of the airflow at the blade front
edges. As a result, the above-mentioned effects of the
invention are achieved more reliably.

In accordance with an embodiment, the tapered

20 projections are shaped like right pyramids or right cones
having apex portions thereof at the <center of the
thicknesses of the front edges of the blades.

With the outdoor unit for wuse in an air
conditioner according to the embodiment, the deviation of

25 the inlet angles or chord length of the blades from the



5 the fan is further reduced. I n accordance with an
enbodi nent, the angle at whi ch the plane intersects with the |ines
ext endi ng al ong the lengths of the blades is set within the range
bet ween 90[err] and 135[err]. 10 The airflow
forwarded as swirl flow from the propeller fan travels fromthe
rear edges of the propeller fan to the front edges of the bl ades
while rotating in the area between the rear edges of the propeller
fan and the front edges of the bl.gdes. |In the outdoor unit for use
in 15 an air conditioner according to the enbodi ment, the plane
generally coincides with the border between the area where the swrl
flow actually enters between the front edges of the blades in a
downward direction and the area where the swirl flow actually enters

bet ween t he fr&ﬁlﬁir@@rﬂeﬁaQﬁethoxﬁQhe &l Ades o) ofNi nHPWRT ¢ q:i}'{eeﬁéjfzgglow

considering the angle t hrough which the airflow rotates
direction of tde the blady afiémtobdybe fam b@aw@@eom&aeéaanw‘&g{é%h&e
and the

airflow departs fromthe rear edges of the propeller fan
i nstant when tdeviatiénw ireacpeartiheof r aiwmdges of Adea result, airflow
separation on the éuction surfaces of the blades is
5 effectively and reliably restrained and the above-mentioned
effects of the invention are thus achieved more reliably.

In accordance with an embodiment, the tapered
projections are shaped like oblique pyramids or oblique
cones having apex portions thereof in positions tilted in

10 the direction of influx, relative to the center of the
thicknesses of the front edges of the blades.

In the outdoor unit for use in an air conditioner
according to the embodiment, airflow separation on the
suction surfaces of the blades is effectively and reliably

15 restrained by each tapered projection and the above-
mentioned effects of the invention are thus achieved more
reliably.

In accordance with an embodiment, the apex
portions of the tapered projections are rounded.

20 With the outdoor wunit for use in an air
conditioner according to the embodiment, the tapered
projections are readily manufactured and an improved safety
in handling is ensured, as compared with the tapered

projections shaped like spires.



-9- bl ades. Accordingly, the above-nentioned effects of the

I nvention can be achieved nore reliably. I n accordance

wi th an enbodi nent, shapes of rear edges toward the outside of the
plurality of blades are the 5 sanme t hroughout the outlet grille.

The outdoor unit for use in an air conditioner according to the
enbodi nent achi eves the above-nenti oned effects of the invention and
provi des a good appearance in a view from the outside.

Accordi ngly, the better 10 appeanance is achieved, the higher

val ue of the outdoor unit as a connDdlty S expected

I n accordance with an enbodi nent, front edges of the plurality of

bl ades are saw oot hed. In the outdoor unit for use in an
air conditioner 15 according to the enbodinent, a large nunber of

smal |, vertical vpitgxesraafcgeneeat ad fe'ir%dtlhenrtootﬁ&f tH¥ height
samﬂeeth on the front edges of the blades, so that the airtl ow

havi ng hi gh ved»ibcu:heesapérialiowxaijelcﬁh@exsilgﬁitm%s H and themdma-¢urdhorn
surfaces of the blades can be drawn close 20 to the suction surfaces.
Accordingly, i r€hewbdegder gfiivem as L, anddvdcsulH/Ion sfir thees efaltders is
bl ades is effectively

set within the range between 0.05 and 0.35.

5 In this outdoor wunit for wuse in an air
conditioner, airflow separation on the suction surface of
the blade is effectively and reliably restrained by each
tapered projection and the above-mentioned effects of the
invention are thus made more remarkable.

10 _ In accordance with an embodiment, with the pitch
of the tapered projections given as S and the height of the
tapered projections given as H, a ratio (S/H) of those
values is set within the range between 0.5 and 1.5.

In the outdoor unit for use in an air conditioner

15 according to the embodiment, airflow separation on the
suction surface of the blade is effectively and reliably
restrained by each tapered projection and the above-
mentioned effects of the invention are thus made more
remarkable.

20 In accordance with an embodiment, with the pitch
of the tapered projections given as S and the height of the
tapered projections given as H, a ratio (S/H) of those
values is set within the range between 0.7 and 1.3.

In the outdoor unit for use in an air conditioner

25 according to the embodiment, airflow separation on the



restrai ned, even though the inlet angles or chord | ength of t he

bl ades has a certain degree of deviation fromthe opti mum val ues for
the directions of influx of the airflow

- 10 - at the blade front edges. As a result, the above-nentioned
effects of the invention are achieved nore reliably. In
accordance with an enbodi nent, the saw oot hed shapes of the front
edges of the blades are forned of a 5 plurality of tapered

proj ections. In the QUR%OQr unit for use in an air

condi ti oner according to the enbodi nent, a | arge nunber of small
vertical vortexes are generated fromthe root of each t aper ed
projection, so that the airflow having high 10 velocities of flow at

| arge di stances fromthe suction surface of the blade can be drawn
close to the spiti®h surfacsUrd@cehe MGRIA N9l ¥ffeRicilqy SSRAT Y100,
the suction surface of the blade is effectively restralned, even

t hough restrained by each tapered projection and the above-

mentioned effects of the invention are thus made more
remarkable. |

5 In accordance with an embodiment, the casing and
the outlet grille are formed so that a position in which
the outlet grille is installed can be changed so as to turn
the direction of the 1lengths of the blades about the
central axis of the fan.

10 In the outdoor unit for use in an air conditioner
according to the embodiment, the direction of discharge
from the outlet grille can be changed into upward,
transverse, and other directions as required, by changing
the position in which the outlet grille is installed and

15 thereby turning the direction of the lengths of the blades
about the central axis of the fan. Accordingly, the
ability of the outdcor unit at installation is improved.

The invention also provides an outdoor unit for
use in an air conditioner comprising a casing, a propeller

20 fan disposed in the casing, and an outlet grille disposed
on an outlet side of the propeller fan, the outlet grille
having a substantially quadrilateral outlet opening and
having a plurality of blades disposed in parallel with one

another at given intervals in the outlet opening,



the inlet angles or chord length of the blade has a certain 15 degree
of deviation from the optinmnum values for the di rections of
influx of the airflow at the bl ade front edges. As a result, the
above-nentioned effects of the i nvention are achieved nore reliably.
In accordance with an enbodi nent, the tapered 20 proj ections are shaped
like right pyram ds or right cones havi ng apex portions thereof at
the center of the t hi cknesses of the front edges of the bl ades.

Wth the outdoor unit for use in an airq, _ condi ti oner according to the
enbodi nent, the deviation of 25 the'inlet angles or chord length of the
bl ades fromthe - 11 -
opti mum val ues for the directions of influx of the airflow at the

bl ade front edges can be acconmodat ed, whether the deviation 1is

upward or downward. As thd esUtHooraiuditOWror use S€RAAL | QRrONJ N SUGLL PN
surfaces of the blades is
' characterized in that, with respect to a plane which
intersects with lengths of the blades at a given angle in a
rotational direction. of the fan and which includes a
5 - central axis of the fan, a difference is provided between a
chord length of portions of the blades positioned in an
area on one side of the plane and a chord length of
portions of the blades positioned in an area on the other
side of the plane.

10 In the outdoor unit for use in an air conditioner
according to the invention, the chord 1length of the
portions of the blades positioned in the area on one side
of the plane and the chord length of the portions of the
blades positioned in the area on the other side of the

15 plane can be respectively conformed to the directions of
influx of swirl flow from the propeller fan and to the
direction of discharge from the outlet grille. For
example, in the case that the direction of discharge from
the outlet grille is set upward, the chord length of the

20 portions of the blades positioned in the area where the
direction of influx of the swirl flow is downward is set
large to ensure a sufficient deflecting effect.
Consequently, the airflow which has entered between the
blades in the downward direction can be deflected

25 sufficiently upward by the blades and thus can be



5 effectively and reliably restrai ned and the above-nenti oned
effects of the invention are thus achieved nore reliably.

In accordance with an enbodi nent, the tapered proj ections are shaped

| i ke oblique pyram ds or oblique cones havi ng apex portions thereof

in positions tilted in 10 the direction of influx, relative to the

center of the t hi cknesses of the front edges of the bl ades.

In the outdoor unit for use in an air conditioner according to the

enbodi ment, airflow separation on the suction surfaces of the bl ades

Is effectively and reliably 15 r estti ned by each tapered

projection and the above- mentioned effects of the invention are
"~ thus achi eved nore reliably. In accordance with an

enbodi ment, the apex portions of the tapered projections are

rounded. 20 discharged. VoD t£8€otRdEdang Unkhe fcq{ordjsgengEh b
condi ti oner according to the enmbodi ment, the tapered ections are

readily manuf é%%&%@'lsangfartHéprQHQQSS%;o@J}tloned ihn d}@dgkeg %@ﬁéum@
as conpared wth the tapered proj ections shaped |ike spires.

direction of influx of the swirl flow is upward is set

small to make the efféct of deflecting the entering airflow

5 as small as possible. Consequently,.the airflow which has
entered between the blades in the upward direction can be

discharged upward through the blades just as it was. In

the case that the direction of discharge from the outlet

grille is set downward, leftward, or rightward, the similar

10 arrangement corresponding to each direction is provided.

As a result, airfllow separation on the suction surfaces of

_the blades subjected to the airflow 1is effectively
restrained, although the airflow from the propeller fan is

the swirl flow and makes different the directions of influx

15 of the airflow at the portions of the blades. Accordingly,

the turbulence in the discharged airflow can be prevented

as completely as possible throughout the outlet opening of

the outlet grille. As a result, aerodynamic noises are

reduced, so that quiet operation of the outdoor unit is

20 achieved. Besides, the wventilating resistance at the

outlet grille is reduced, so that the load for driving the

fan is reduced.13



- 12 - I n accordance with an enbodi nent, with the

hei ght of the tapered projections given as H and the chord | ength
of the blade given as L, aratio (HL) of those values is set

wi thin the range between 0.05 and 0. 35. 5 In this outdoor
unit for wuse in an air conditioner, airflow separation on the
suction surface of the blade is effectively and reliably restrained
by each tapered projection and the above-nentioned effects of the

i nvention are thus nmade nore remarkable16 10 I n accordance

wi th an enbodi nent, with the pitch of the tapered projections given
as S and the height of the tapered projections given as H a ratio
(S/'H) of those values is set within the range between 0.5 and 1.5.
In the outdoor unit for use in an air conditioner 15 according to the

enbodi nent , EBﬁféprEggﬁﬁﬁﬁibﬁnopOfHEtﬁﬁAWINGS suction surface of the
bl ade is effectlvely and reliably restrai ned by each tapered

projection and the aboverig. 1 1snEnEk@ﬂ€dv§E%e%ESaﬁfdﬂ%ﬁdd?”ﬂﬁfé”f euse
t hus made nore remar kabl e. I n accordance wt

enbodi nent , VmiﬂlAMGabrtcbndltloneﬁf1hhecbaﬁdéﬁdepMQt@Cb!@m%dﬁ\éﬁbéﬁhééﬁﬁd
the hei ght of the
of the invention;

5 Fig. 2 is a fragmentaryf perspective view of a
blade in an outlet grille shown in Fig. 1;

Fig. 3 is an enlarged sectional view taken along
the line III - III in Fig. 1;

'Fig. 4 is an enlarged sectional view taken along
10 the line IV - IV in Fig. 1;

Fig. 5 1is a fragmentary perspective view of a
blade in an outlet grille provided in an outdoor unit for
use in an air conditioner in accordance with a second
embodiment of the invention;

15 Fig. 6 is an enlarged sectional view along the
line VI - VI illustrating a group of blades one of which is
shown in Fig. 5;

Fig. 7 is an enlarged sectional view along the

line VII - VII illustrating the group of blades one of
20 which is shown in Fig. 5;

Fig. 8 is a fragmentary perspective view of a
blade in an outlet grille provided in an outdoor unit for
use in an air conditioner in accordance with a third

embodiment of the invention;



tapered projections given as H a ratio (S/H) of those val ues i s set

within the range between 0.7 and 1. 3. In the outdoor unit
for use in an air conditioner 25 according to the enbodinent,
airflow separation on the - 13
- suction surface of the blade is effectively and reliably
restrai ned by each tapered projection and the above- nment i oned
effects of the invention are thus nade nore remar kabl e. 5

I n accordance with an enbodi nent, the ca;ing and the outlet grille
are formed so that a position in which 17 - the outlet grille is

I nstall ed can be changed so as to turn the direction of the |engths
of the bl ades about the central axis of the fan. 10

In the outdoor unit for use in an air conditioner according to the

enbodi ment, the directign pf di SGhalgeenarged MQBL LN L§EWITE1 G CRRDE

changed i nto upward,
line IX - IX illustrating a group of blades one of which is

shown in Fig. 8;

Fig. 10 is'an enlarged sectional wview along the

5 line X - X illustrating the group of.blades one of which is
shown in Fig. 8;

Fig. 11 is a fragmentary perspective view of a
blade in an outlet grille provided in an outdoor unit for
use in an air conditioner in accordance with a fourth

10 embodiment of the invention;

Fig. 12 1is an enlarged sectional view along the
line XII - XII illustrating a group of blades one of which
is shown in Fig. 11;

Fig. 13 is an enlarged sectional view along the

15 line XIII - XIII illustrating the group of blades one of
which is shown in Fig. 11;

Fig. 14 1is an enlarged view iliustrating the
structure of sawteeth in the blade shown in Fig. 11;

Fig. 15 1s a representation illustrating noise

20 characteristics on an outdoor unit comprising an outlet
grille with the blade shown in Fig. 11;

Fig. 16 is a view illustrating noise

characteristics on an outdoor unit comprising an outlet

grille with the blade shown in Fig. 11;



transverse, and other directions as required, by changi ng t he

position in which the outlet grille is installed and 15 t hereby turning
the direction of the | engths of the bl ades about the central axis
of the fan. Accordingly, the ability of the outdoor unit at
installation is inproved. The invention also provides an
out door unit for use in an air conditioner conprising a casing, a
propel ler 20 fan di sposed in the casing, and an outlet grille disposed
on an outlet side of the propeller fan,_the outlet grille havi ng a
substantially quadrilateral outlet opén} g and having a plurality of
bl ades di sposed in parallel with one another at given intervals in

" the outlet opening, - 14 -
t he outdoor unit for use in an air conditioner characterized in

that, wth respect to agipnephisgh o view | MAISGHEM {01008 Inohdie
given angle im a rotationa Irection of the fan’an
which includegyracteristics on the embodiments of the invention in
comparison with a prior art;
Fig. 18 is.a sectional view of a group of blades
5 in an outlet grille provided in an optdoor unit for use in
an air conditioner in accordance with a fifth embodiment of
the invention;
Fig. 19 is a sectional view of a group of blades
in the outlet grille provided in the outdoor unit for use
10 in the air conditioner in accordance with the fifth
embodiment of the invention;
Fig. 20 is a front view of a conventional outdoor
unit;
Fig. 21 is an enlarged sectional view taken along
15 the line XX - XX in Fig. 20; and
Fig. 22 is an enlarged sectional view taken along

the line XXI - XXI in Fig. 20.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the invention will be described
20 specifically on the basis of some preferred embodiments.
A first embodiment will now be described with
reference to Figs. 1 to 4.
Fig. 1 illustrates an outdoor unit Z in

accordance with the first embodiment of the invention. The



5 central axis of the fan, a difference is provided between a

chord length of portions of the blades positioned in an area on one
side of the plane and a chord | ength of portions of the bl ades
positioned in an area on the other side of the plane. 10

In the outdoor unit for use in an air conditioner according to the

I nvention, the chord | ength of the portions of the blades positioned
in the area on one side of the plane and the chord I ength of the
portions of the bl ades positiqug%ip the area on the other side of
the 15 pl ane can be respectively confornmed to the directions of

i nflux of swrl flow fromthe propeller fan and to the direction of
"~ discharge from the outlet grille. For exanple, in the
case that the direction of discharge from the outlet grille is set
upward, the chgedobengidyofzt hgs 20 basp@rawaﬁ?@&eﬁbes%ad%% RQsi thepedsi n

the area where the direction of influx the swirl flowis downward

is set thar gafolremengisred canvestfibhalenbutdebkectinig, efiheclhich
Consequently, the airflow which has entered between the bl ades in

t he downwar dardangemetit zaprdpelldef| ahed 2bd a shéhtciedtdHahgapwadhet
by the blades and thus can be
shown) are disposed in a casing 1 so as to face a square
5 front opening 3 provided in the front surface of the casing
and in which an outlet grille 4 is removably secured to the
front opening 3.

The outlet grille 4 has such a lattice-like shape

as follows: The outlet grille 4 comprises an outer frame 7 -

10 having a substantially square outlet opening 8 on the
inside thereof. In the outer frame 7, a plurality of
blades 5, 5, .. each shaped like a strip are disposed in

horizontal position and in parallel with one another at

given vertical intervals, and the plurality of blades 5, 5,
15 .. are 1linked to one another by a plurality of support

crosspieces 6, 6, .. disposed in vertical position.

As shown in Figs. 2 to 4, each of the blades 5,

5, .. has basically a curved section and is installed with
its concave surface upward. For the outlet grille 4, an
20 installed position in which the blades 5 extend vertically

may be optionally selected instead of the installed
position in which the blades 5 extend horizontally in
general as shown in Fig. 1. Accordingly, in the installed
position shown in Fig. 1, the airflow having outgone from

25 the propeller fan 2 is deflected upward by the blades 5, 5,



- 15 - di scharged. On the other hand, the chord length of the
portions of the blades positioned in the area where the direction of
influx of the swirl flowis upward is set small to make the effect
of deflecting the entering airflow 5 as small as possible.
Consequently, the airflow which has entered between the bl ades in
the upward direction can be di scharged upward t hrough the bl ades
just as it was. In the case that the direction of discharge from
t he outl et grille is set dowmnward, leftward, or rightward, the
simlar 10 ar r angenent correspondiﬁﬁ fo each direction is provided.
As a result, airflow separation on the suction surfaces of t he

bl ades subjected to the airflowis effectively restrai ned, although
the airflow fromthe propeller fan is the swirl flow and makes

di fferent the di gﬁgtilo ngfeni rgié%%gé-}ed E?Emt q__enéa\i H#ng aitrht QS Sioréﬁt‘%%‘%—,é’f

t he bl ades. Accordingly ur bulence in € di scharge

can be preventgthicion £3 CRHRLALC! ¥o2S BRARbBLe {RHQUIBIULEENE DUl fleng

openi ng of the ou grille. As ar surtz aer odynam ¢ noi ses are
reduced, so tRatrk£11PPRLEAI Q_ﬂeOfcoth%v‘éUtﬁ%?ad{{H tof SthéOb1agdshiseVeteq
e

Besides, the wventilating resistance at
to the left in a view toward the propeller fan 2, the
5 airflow from the propeller fan 2 1is discharged in a
leftward direction.
As described above, each of the blades 5, 5, .. in
the outlet grille 4 has a basic section similar to a
section of a curved plate; in addition to such a basic
10 section, this embodiment has different inlet angles of the
blades 5, 5, .. in different areas defined according to the
rotational direction of the propeller fan 2 and to the
direction of the length of the blades 5, 5,
That is, in the embodiment as shown in Fig. 1,
15 the whole area of the outlet opening 8 of the outlet grille
4 is divided into two areas C; and C, by an imaginary plane
P (shown by a straight 1line in Fig. 1)} including the
central axis of the propeller fan 2, and the angle §
(measured with respect to the rotational direction of the
20 fan) at which the plane P intersects with lines extending
along the lengths of the blades 5 is set within the range
between 90° and 135° (Fig. 1 illustrates the arrangement in
which the angle 6 of the intersection is 135°).

These areas are defined in consideration of the

25 fact that airflow discharged from the propeller fan 2 is



outlet grille is reduced, so that the load for driving the fan is

reduced. 13 - 16 - BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1is a front view of an
outdoor unit for use in an air conditioner in accordance with a
first enmbodi nent of the invention; 5 Fig. 2is a
fragnmentary perspective view of a bl ade in an outlet grille shown in
Fig. 1, Fig. 3 is an enlarged sectional view taken al ong
the line IIl - Il in Fig. 1; 5 Fig. 4 is an enl arged
sectional view taken along 10 the lide IV - 1V in Fig. 1;

Fig. 5is a fragnentary perspective view of a bl ade in an outl et
grille provided in an outdoor unit for use in an air conditioner in
accordance with a second enbodi nent of the invention;

swirl flow forwarded along the rotational direction of the

fan and in consideration of the amount of the turn of the

swirl flow between the instant when the swirl flow departs

from the rear edges ﬁf the blades of the propeller fan 2

5 and the instant when the swirl flow reaches the front edges

of the blades 5, 5, .. of the outlet grille 4. 1In the first

outlet area C, defined diagonally under the plane P, the

airflow enters between the blades 5 in a downward direction

as shown by a hollow arrow A; in the second outlet area C,

10 defined diagonally over the plane P, the airflow enters

between the blades 5 in a upward direction as shown by a
hollow arrow A.

As shown in Fig. 2, each blade 5 is divided with

respect to the direction of the length thereof into a first

15 blade portion 5A positioned in the first outlet area C, and

a second blade portion 5B positioned in the second outlet

area C, so that an inlet angle o of a front edge 5Aa of

the first blade portion 5A and an inlet angle ag of a front

edge 5Ba of the second blade portion 5B differ from each

20 other. The specific arrangement is as shown in Figs. 3 and

4. That is, the inlet angle ap of the front edge 5Aa of

the first blade portion S5A positioned in the first outlet

‘area C, where the downward airflow enters is so set as to

point upward relative to a horizontal 1line, according to

25 the direction of influx of the airflow, so that the inlet



15 Fig. 6 is an enlarged sectional view along the l'ine
VI - VI illustrating a group of blades one of which is shown in Fig.
5; Fig. 7 is an enlarged sectional view along the

line VIl - VIl illustrating the group of blades one of 20 which is
shown in Fig. 5; Fig. 8 is a fragnentary perspective view
of a blade in an outlet grille provided in an outdoor unit for

use in an air conditioner in accordance with a third enbodi nent of
the invention; - 2o - - 17 -

Fig. 9 is an enlarged sectional view al ong the line I X - IX
illustrating a group of blades one of which is shown in Fig. 8;

Fig. 10 is an enlarged sectional view along the 5 line X - X
illustrating the group of blades one of which is shown in Fig. 8;

10

15

20

25

angle op matches the direction of influx of the airflow as
satisfactorily as possible. By contrast, the inlet angle
ag of the front edge 5Ba of the second blade portion 5B
positioned in the seéond outlet area C, where the upward
airflow enters is so set as to point downward relative to a
horizontal 1line, éccording to the-direction of influx of
the airflow, so that the inlet angle ap matches the
direction of influx of the airflow as satisfactorily as
possible.

Although the first blade portion 5A and the
second blade portion 5B have different inlet anglés op. Qg
as described above, the blade portions 5A and 5B have the
same chord lengths Lp, Lp and the shapes of the rear edges
5Ab, 5Bb are also the same. Accordingly, the shapes of the
rear edges of the blades 5, 5, .. are the same throughout
the outlet grille 4 (i.e., throughout the outlet opening 8
of the outlet grille 4).

With this arrangement, the following specific
operational effects can be obtained.

The inlet angle o, of the first blade portion 5A

and the inlet angle ap of the second blade portion 5B are

respectively conformed to the directions of influx of the

swirl flow from the propeller fan 2; therefore, the

directions of influx of the airflow match the inlet angles

ap and ap of the blades 5 as completely as possible in the



Fig. 11 is a fragnentary perspective view of a bl ade in an outl et

grille provided in an outdoor unit for use in an air conditioner in
accordance with a fourth 10 enbodi nent of the invention;

Fig. 12 is an enlarged sectional view along the line XIl - Xl
illustrating a group of blades one of which Is showm in Fig. 11;
Fig. 13 is an enlarged sectional view along the 15 line XITl - X111
illustrating the group of blades one of which is showmn in Fig. 11;
Fig. 14 is an enlarged viewillustrating4he structure of sawteeth
in the blade shown in Fig. 11; Fig. 15 is a representation
illustrating noise 20 characteristics on an outdoor unit conprising
an outl et grille with the blade shown in Fig. 11;

Fi g. 16 S a view illustrating noi se characteristics on

EP ouagpor uni £i£e8prbathgtanagukl et; and ghé'|§?@%%B_tB@tDE@dea§QQ““C5?
J ’ respectively, and thus airflow separation is effectively
restrained on the negative pressure (suction) surfaces of

the blades 5 subjected to the airflow, although the airflow

5 from the propeller fan 2 is the swirl flow .and makes
different the directions of influ# of the airflow at the

portions B5A, 5B of the blades 5. Accordingly, the

turbulence in the discharged airflow can be prevented as

completely as possible throughout the outlet opening 8 of

10 the outlet grille 4. As a result, aerodynamic noises are
reduced, so that quiet operation of the outdoor unit 2 is
achieved. Additionally, the ventilating resistance at the
outlet grille 4 is reduced, so that the load for driving
the fan is reduced.

15 In the plurality of blades 5, 5, .., the first
blade portions 5A and the second blade portions 5B have
different inlet angles ap, ap but have the same shape in
the rear edges 5Ab, 5Bb throughout the outlet grille 4,
thus providing a good appearance in a view from the outdoor

20 side. Accordingly, the better appearance is achieved, the
higher value of the outdoor wunit as a commodity is
expected.

A second embodiment of the invention will be

described below with reference to Figs. 5 to 7.



Fig. 17 is a viewillustrating air-vol une/ noi se characteristics on

t he enbodi nents of the invention in conparison with a prior art;
Fig. 18 is a sectional view of a group of blades 5 in an outlet grille
provided in an outdoor unit for use in an air conditioner in
accordance with a fifth enbodi nent of t he i nvention;
Fig. 19 is a sectional view of a group of bl ades in the outlet
grille provided in the outdoor unit for use 10 in the air
conditioner in accordance wth the fifth enbodi nent of the
I nvention; Fig. 20 is aéfront vi ew of a conventi onal
out door unit; Fig. 21 is an enlarged sectional view
taken along 15 the line XX - XX in Fig. 20; and Fig.
22 is an enl arged sectional view taken al ong the line XXI - XXI in
Fig. 20. BEST MEBE 0% CABRMMMG/ EULTHEIAVBIEEEN s of the first
Hereinafter, the invention will be described 20 specifically on the
basis of sone gmebétmedtenBadimentidlustrates a blade A (ddsigrenthadi BEntne
wi |l now be described with reference to Figs. 1 to 4.
same numeral for convenience) provided in the outlet grille
4. Fig. 6 illustrates a sectional view of first blade
5 portions S5A, 5A, .. of the blades 5, 5, .. arranged in the

first outlet area C,, and Fig.,? illustrates a sectional
view of second blade portions 5B, 5B, .. arranged in the
second outlet area C,. The other elements of the outdoor
unit Z are the same as those of the first embodiment.

10 In each blade 5 of the outlet grille 4 in this
embodiment, as shown in the drawings, the first blade
portion 5A and the second blade portion 5B have the same
basic shape in section which is similar to a section of a
curved plate and have the same inlet angles Op, Op, while

15 the first blade portion 5A and the second blade portion 5B
have different chord lengths Lp and Lgp, respectively. That
is, the chord length L, of the first blade portion 5A
positioned in the first outlet area C; is set large, while
the chord 1lengths Ly of the second blade portion G5B

20 positioned in the second outlet area C, is set small.

With this arrangement, the following specific
operational effects can be obtained.

In the first outlet area C, where the direction
of influx of the airflow from the propeller fan 2 is

25 downward, the 1large chord length L, of the first blade



Fig. 1 illustrates an outdoor unit Z in accordance with the
first enbodi ment of the invention. The

- 19 - outdoor unit Z has a basic arrangenent simlar to that of
t he af orenmenti oned conventional outdoor unit, in which arrangenment a
propeller fan 2 and a heat exchanger (not shown) are disposed in a
casing 1 so as to face a square 5 front opening 3 provided in the
front surface of the casing and in which an outlet grille 4 is
removably secured to the front Egnlng 3. The

out | et grllle 4 has such a lattice-Ilike“shape as follows: The outl et
grille 4 conprises an outer frane 7 10 having a substantially square
outlet opening 8 on the inside thereof. 1In the outer frame 7,
a plurality of blades 5, 5, ... each shaped like a strip are

i sposed N oortsdiOr LROUAL AL QA stlel We NagPPeaohlerid

gi ven vertica e plurality o
airflow so that the airflow which has entered between the

blades 5 in the downward direction can be deflected upward
and thus can be discharged. In the second outlet area C,
5 where the direction of influx of the airflow is upward, the
small chord 1length Lp of the second blade portion 5B
provides a decreased effect of deflecting the airflow so
that the airflow which has entered between the blades 5 in
the upward direction can be discharged upward from the
10 blades just as it was.
Consequently, airflow separation 1is effectively
restrained on the suction surfaces of the blades 5
gubjected to the airflow, although the airflow from the
propeller fan 2 is the swirl flow and makes different the
15 directions of influx of the airflow at the portions 5A, 5B
of the blades 5. Accordingly, the turbulence in the
discharged airflow can be prevented as completely as
possible throughout the outlet opening 8 of the outlet
grille 4. As a result, aerodynamic noises are reduced, so
20 that quiet operation of the outdoor wunit is achieved;
additionally, the wventilating resistance at the outlet
grille is reduced, so that the load for driving the fan is
reduced.
A third embodiment will be described below with

25 reference to Figs. 8 to 10.



15 ... are linked to one another by a plurality of support

crosspieces 6, 6, ... disposed in vertical position. As
shown in Figs. 2 to 4, each of the blades 5, 5, ... has basically a
curved section and is installed with its concave surface upward.

For the outlet grille 4, an 20 i nstall ed position in which the bl ades 5
extend vertically may be optionally selected instead of the

install ed position in which the blades 5 extend horizontally in
general as shown in Fig. 1. Accordingly, in the installed posi tion
shown in Fig. 1, the airflow having outgone from 25 the propeller fan 2
is deflected upward by the blades 5, 5,

- 20 - ... and is then discharged fromthe unit; in an installed

position in which, for exanple, the blades 5 extend
vertically with the concgye ssurd peesnsf; $dechl %%ié‘&@ds of t%’lteo fﬂ’-‘

left in a viewtoward the propeller fan 2, th 5 airflow from
propel | er féﬂbmﬂbdiﬁendlSEBQ[ngllﬂﬂst@ates a blade 5 (designated by the
same numeral for convenience) provided in the outlet grille
4. Fig. 9 illustrafes a sectional view of first blade
5 portions 5A, 5A, .. of the Dblades 5, 5, .. arranged in the
first outlet area C,, and Fig. 10 illustrates a sectional
view of second blade portions 5B, 5B, .. arranged in the
second outlet area C,. The other elements of the outdoor
unit Z are the same as those of the first embodiment.

10 In each blade 5 of the outlet grille 4 in this
embodiment, as shown in the drawings, the first blade
portion 5A and the second blade portion 5B have the same
basic shape in section which is similar to a section of a
curved plate, while the first blade portion 5A and the

15 second blade portion 5B have different inlet angles Qp
ag, and have different chord lengths Lp and Lg. That is,
the inlet angle o of a front edge 5Aa of the first blade
portion 5A positioned in the first outlet area C; where the
airflow enters in a downward direction is so set as to

20 point upward relative to a horizontal line, according to
the direction of influx of the airflow, so that the inlet
angle ap matches the direction of influx of the airflow as
satisfactorily as possible. By contrast, the inlet angle
ag of a front edge 5Ba of the second blade portion 5B

25 positioned in the second outlet area C, where the airflow



| eftward direction. As descri bed above, each of the bl ades

5 5 ... in the outlet grille 4 has a basic section simlar to a
section of a curved plate; in addition to such a basic 10 section, this
enbodi ment has different inlet angles of the blades 5, 5, ... in
different areas defined according to the rotational direction of the
propeller fan 2 and to the direction of the length of the blades 5,
5, That is, in the enbodimrent as shown in Fig. 1, 15

t he whol e area of the outlet opening 8 % the outlet grille 4 1is
divided into two areas (Jerr] and C[err? by an imagi nary pl ane P
(shown by a straight line in Fig. 1) including the central axis of
‘the propeller fan 2, and the angle [err] (measured with respect to
the rotational direction of the 20 fan) at mhich the pl ane P i ntersects

wth |ines ext LAY in a ahg?ag&pe di82HN$ 0 lghe ggﬁ 5 §té¥$£g&n

t he range et ween 90 nd 135[err (Flg ustra
arrangement i lgownward WedhttiRe apgl g [I%fnlz&{téf'el'lmeer S&%é?@lﬁ to %
e

135[err]). These areas are defined in conS|derat|on of
25 fact thaliwvdétiow 6f schargedofr eret Berpnens! IRy thatt 2Hes inlet angle
ap matches the 'direétion of influx of the airflow as
5 satisfactorily as possible. Besides, the chord length L
of the first blade portion 5A positioned in the first
outlet area C; is set large, while the chord lengths Lp of
the second blade portion 5B positioned in the second outlet
area C, is set small.

10 As can be seen, this embodiment has both the
characteristics of the Dblades of the first and second
embodiments, so as to exert both the operational effects of
the first embodiment and the operational effects of the
second embodiment. Accordingly, more quiet operation of

15 the outdoor unit is achieved and the load for driving the
fan is reduced.

A fourth embodiment will be described below with
reference to Figs. 11 to 16.
As an alternative to each blade 5 of the first
_20 embodiment, Fig. 11 illustrates a blade 5 (designated by
the same numeral for convenience) provided in the outlet
grille 4. Fig. 12 illustrates a sectional view of first
blade portions 5A, 5A, .. of the blades 5, 5, .. arranged in
the first outlet area Cy, and Fig. 13 illustrates a

25 sectional view of second blade portions 5B, 5B, .. arranged



- 21 - swirl flow forwarded along the rotational direction of

t he fan and in consideration of the anmount of the turn of the

swirl flow between the instant when the swirl flow departs fromthe
rear edges of the blades of the propeller fan 2 5 and the instant when
the swirl flow reaches the front edges of the blades 5, 5, ... of
the outlet grille 4. 1In the first outlet area (ferr] defined

di agonal |y under the plane P, the airflow enters between the bl ades
5 in a downward direction as shown by a hollow arrow A; in the
second outlet area C2 10 defined di #§orial |y over the plane P, the
airflow enters between the blades 5 in a upward direction as shown
by a hol | ow arrow A As shown in Fig. 2, each
blade 5 is divided with respect to the direction of the length

thereof into &fighl dfongbhadecpoLtion BA positionadinithe first outlet

area Cl1 and con € portiondB positione

out | et HESL2 gRithay an, Lnl eheangleel ek fr eqge 5 f
the first blad% portion 5% an% anrinleteang%ee[eﬁf} g%é%%riﬁ% fﬁgﬁbe
5Ba of the secansbd]reec portion 5B differ fromeach 20 other. The

specific arrangenent is as shown in. Figs. 3 and
In each blade 5 of the outlet grille 4 in this

5 embodiment, as shown in the drawings, elements comprising
tapered projections 10, 10, .. are added to the basic
structure of the blade 5 in the first embodiment.

The tapered projections 10, 10, .. are formed with
a given pitch along the lengths of front edges 5Aa and 5Ba

10 of blade portions 5A and 5B of the blade 5. The apex
portion of each tapered projection 10 in this embodiment is
shaped 1like a right pyramid positioned generally at the
center of the thickness of the front edge S5Aa or 5Ba of the
blade portion 5A or 5B. Such tapered projections 10, 10,

15 are provided so that both the front edges 5Aa and 5Ba of
the blade portions 5A and 5B have a sawtoothed shape.

When airflow from the propeller fan 2 enters
between the front edges 5Aa, 5Ba of the blades 5, the
tapered projections 10, 10, .. generate a large number of

20 small, vertical vortexes from the roots of the tapered
projections 10, 10, .., as shown by streamlines in Figs. 12
and 13, so that airflow having high velocities of flow at
large distances from the negative pressure surface (the
lower surface in the first blade portion 5A, or the upper

25 surface in the second blade portion 5B) of each blade 5 can



4. That is, the inlet angle [err] of the front edge 5Aa of t he

first blade portion 5A positioned in the first outlet area (Jerr]
where the downward airflow enters is so set as to poi nt upward
relative to a horizontal |ine, according to 25 the direction of influx
of the airflow, so that the inlet

- 22 - angle [err] matches the direction of influx of the
airflow as satisfactorily as possible. By contrast, the inlet
angl e [err] of the front edge 5 of the second bl ade portion 5B
positioned in the second outlet area C2 ere the upward 5 airfl ow
enters is so set as to point dowward relative to a hori zont a
‘line, according to the direction of influx of the airflow, so that
the inlet angle [err] matches the direction of influx of the

airflow as satysfacdQlily %ﬁgie to pOC'ii.?é bl @egatYve JPEESguTS H%%e

the first blade portion secon e portlon
have di fferentAéE@)f&iﬁ@ﬂ&?s a{ﬁrﬂ]]ovi e%ébaratlon on the negative pressure

surfaces of the blades 5 is effectively restrained, even
though the inlet anglés or chord length of the blades 5 has
5 a certain degree of deviation from the optimum value(s) for
the directions of influx of the airflow at the blade front
edges 5Aa, 5Ba. As a result, the operational effects like
the above embodiments are achieved more reliably.
In this embodiment, the tapered projections 10
10 shaped like regular cones accommodate the deviation of the
inlet angles or chord length of the blades 10 from the
optimum value(s) for the directions of influx of the
airflow at the blade front edges 5Aa, 5Ba, whether the
deviation is upward or downward, so that airflow separation
15 on the negative pressure (suction) surfaces of the blades 5
is effectively restrained.
In order to most effectively and reliably achieve
the specific operational effects of the tapered projections
10 as described above, it is necessary to provide an
20 appropriate shape and the like for the tapered projections
10; the inventors have found such appropriate shape and the
like by experiments.
As shown in Fig. 14, the chord length of the
blade 5 1s given as L, the height of the tapered

25 projections 10 is given as H, and the pitch of the tapered



as descri bed above, the blade portions 5A and 5B have the sane

chord lengths L[err], L[err] and the shapes of the rear edges 5Ab,
5Bb are al so the sane. Accordingly, the shapes of the 15 rear edges of
the blades 5, 5, ... are the sane throughout the outlet grille 4
(i.e., throughout the outlet opening 8 of the outlet grille 4).

Wth this arrangenent, the follow ng specific operational effects
can be obtained. 20 The inlet angle [err] of the first blade
portion 5A and the inlet angle [err] of the second bl ade portion 5B
are respectively confornmed to thé%irections of influx of the

swrl flow from the propeller fan 2; therefore, the

directions of influx of the airflow nmatch the inlet angles 25 [err] and

[err] of the blades 5 as conpletely as possible in the

;eggeétively, %ﬁ%g%%ggoggﬁhﬁgwﬁgggagi%gg%i%ggegggc Svg#%l%%ea%%%FééiP%?ﬁ%d
on the negati venhpr eSS e §5 Ut WberSUELBCES3 %0 of the height H of the
tapered projections 10 to the chord length L of the blade 5
and noise level (i.e., one of the effects achieved by the
5 restraint on airflow separation that the tapered
projections 10 perform) was considered by experiment and,
as shown by experimental data in Fig. 15, the ratios (H/L)

between 0.05 and 0.35 were found to be most preferable.
Next, the relation between the ratio of the pitch
10 S of the tapered projections 10, 10, .. to the height H of
the tapered projections 10 and noise level was considered
by experiment; as shown by experimental data in Fig. 16,
the ratios (S/H) between 0.5 and 1.5 provided satisfactory
results and the ratios (S/H) limited to the range between

15 0.7 and 1.3 were found to provide still better results.
Fig. 17 illustrates air-volume/noise
characteristics on the above embodiments in comparison with
a prior art. In Fig. 17, a symbol O© represents the

characteristics of the prior art (Figs. 20 to 22); a symbol

20 A represents the characteristics in the case that the

blades of the prior art each comprising the tapered
projections 10, 10, .. were used; a symbol [0 represents the
characteristics of the first embodiment; and a symbol @

represents the characteristics of the fourth embodiment.



the blades 5 subjected to the airflow, although the airflow 5 from

the propeller fan 2 is the swrl flow and nakes different the
directions of influx of the airflow at the portions b5A, 5B of
the blades 5. Accordingly, the turbul ence in the discharged
airflow can be prevented as conpl etely as possi bl e throughout the
outl et opening 8 of 10 the outlet grille 4. As a result, aerodynam c
noi ses are reduced, so that quiet operation of the outdoor unit Zis
achieved. Additionally, the ventilating_resistance at the out | et
grille 4 is reduced, so that the load f it driving the fan is
reduced. 15 In the plurality of blades 5, 5, ..., the first
bl ade portions 5A and the second bl ade portions 5B have di fferent
inlet angles [err], [err] but have the same shape in t he rear edges

5AD, 5Bbtrwougbouasth%aﬁéﬂéadgﬂ%%%f 4%%e exPSEEHEREEQV”Hdﬁéfi%ﬁ%@begyer

appearance in a view fromthe out cordi
appearance i s agheRYEEn éeﬁleves quhégh8§e¥§EEBnOBftEﬁeothﬁ bruQihlicas a

comodity is expect ed A second enbodi nent of the
invention will be adesartitbeshibed Dnet t hinef asenaesteibeas b dw #ith
reference to Figs. 18 and 19.
5 As to a plurality of blades'S, 5, .. provided in
the outlet grilie 4 in the fifth embodiment instead of the
blades 5 of the first embodiment, Fig. 18 illustrates a
sectional view of first blade portions 5A, 5A, .. arranged
in the first outlet area C,, and Fig. 19 illustrates a
10 sectional view of second blade portions 5B, 5B,

positioned in the second outlet area Cy. The blades 5 of

this embodiment represent a modification to the blades 5 of

the fourth embodiment. In the fourth embodiment, a
plurality of tapered projections 10, 10, .. on the front
15 edges S5Aa and 5Ba of each blade 5 are shaped like right

pyramids; in the fifth embodiment, by contrast, a plurality
of tapered projections 10, 10, .. on front edges 5Aa and S5Ba
of each blade 5 are shaped like oblique pyramids. More
specifically, the apex portions of the tapered projections
20 10, 10, .. are in positions tilted in the direction of
influx of the airflow forwarded to the blade 5, relative to
the center of the thickness of the front edges 5Aa and 5Ba
of the blade 5.
With the tapered projections 10, 10, .. shaped

25 like oblique pyramids in this manner, the directions of



- 24 - As an alternative to each blade 5 of the first

enbodi nent, Fig. 5 illustrates a blade 5 (designated by the sane
nuneral for convenience) provided in the outlet grille 4, Fig. 6
illustrates a sectional view of first blade 5 portions 5A, 5A ... of
the blades 5, 5, ... arranged in the first outlet area Cl, and Fig.
7 illustrates a sectional vi ew of second bl ade portions 5B, 5B,

... arranged in the second outlet area CJerr]. The other el enents
of the outdoor unit Z are the sgge as those of the first

enbodi nent. 10 In each bldde™ of the outlet grille 4 in this
enbodi nent, as shown in the drawi ngs, the first bl ade portion 5A
and the second bl ade portion 5B have the sane basi ¢ shape in
section which is simlar to a section of a curved plate and have

t he sane inlet; ,g{md,gs dr the [E{{,hml I%on}Sghﬁt ?o{;éi?& bl orthfqgr%é\

and the second’ portion 5 ave or d engt

and L[err], r%ap@é&sédewthThﬁte inlet dryled NE, chipd dyl eBgt hnbAf 4 %[eerr?s

first blade portion positionéd in thhe flrs¥ outlet area
is set large, ddsm};blaetely ast pesehend liengimhs tH-of éﬂ@lé@ca!?'gabl@dearﬁprtt_ﬁé’n
5B 20 positioned in the second outlet area C2 is set snal
second outlet area Co, respectively. Be31des, airflow
5 having high velocities of flow at large distances from the

suction surface of each blade 5 can be drawn close to the
suction surface; as the synergy between these effects, more
quiet operation can be achieved and the load for driving
the fan can be further reduced.

10 In the fourth embodiment, the tapered projections
10, 10, .. are provided on the front edges SAa and S5Ra of
each blade 5 in which the first blade portion SA and the
second blade portion 5B have the same chord length and
different inlet angles; however, the invention is not

15 . limited to such an arrangement. For example, the tapered
projections 10, 10, .. may be provided on front edges 5Aa
and 5Ba of each blade 5 in which a first blade portion 5A
and a second blade portion 5B have the same inlet angle and
different chord 1lengths. In this arrangement also, the

20 quiet operation can be achieved and the load for driving
the fan can be reduced.

In the fourth and £ifth embodiments, the apex
portion of each tapered projection 10 is shaped like a
spire; however, the apex portion of each tapered projection

25 10 is not limited to such a shape but may be rounded. In



Wth this arrangenent, the follow ng specific operational effects
can be obtai ned. In the first outlet area Clerr] where the

direction
downwar d,
- 25 -

of influx of the airflow fromthe propeller fan 2 is 25

the large chord length L[err] of the first blade

portion 5A ensures a sufficient effect of deflecting the

airflow so that the airflow which has entered between the bl ades 5
in the downward direction can be defl ected upward and thus can be

di schar ged.

influx of the airflowis upward, the

In the second outlet area g%err] 5 where the direction of

“small chord length L[err] of

t he second bl ade portion 5B provi des a decreased effect of
‘deflecting the airflow so that the airflow which has entered between
the blades 5 in the upward direction can be di scharged upward from

the 10

10

15

20

bla@ﬁ? kHSk ahdd Y#e- apex portion of eggﬂs%%ﬁayé&“pf%féég¥6n

separation is ef

ectively
10 is rounded, the tapered projections can be readily

manufactured and an improved safety in handling is ensured,
in comparison with thé case that the apex portion is shaped
like a spire.

The sawtoothed front edges 5Aa and 5Ba of each
blade 5 may be formed, e.g., simply by cutting in a
zigzagged manner the blade front edges 5Aa and 5Ba which
have the curved basic sections of the first to thirxd
embodiments, rather than by providing the tapered
projections 10, 10, ... That is, the blade front edges S5Aa
and 5Ba have only to be sawtoothed in order Ithat the
airflow having high velocities of flow at large distances
from the suction surface of each blade 5 may be drawn close

to the suction surface.

INDUSTRIAL APPLICABILITY

The outdoor unit for use in an air conditioner
according to the invention can be preferably applied to an
air conditioner, especially to an air conditioner of

separate type having an indoor unit and an outdoor unit.



restrai ned on

the suction surfaces of the blades 5 subj ected to the

airflow, although the airflow fromthe propeller fan 2 is the swrl
flow and makes different the 15 directions of influx of the airflow at
t he portions 5A, 5B of the Dblades 5. Accordingly, the
turbulence in the di scharged airflow can be prevented as
conpletely as possi bl e t hroughout the outlet o 8 of the outl et
grille 4. As a result, aerodynam c noi ses are reduce@i"H| ,Im,””,l,t”r’m
qui et operation of the outdoor uni i s achieve

additionally, the ventilating resistancé at the outl et gr| le'is
reduced, so that the load for driving the fan is reduced.

A third enbodinment will be described belowwith 25 reference to Figs. 8
to 10. - 26 -

As an alternative to each blade 5 of the tihSMg enbodi ment, Fig. 8

Illustrates a blade 5 (designated by the

10

15

20

1. An outdoor unit for use 1in an air conditioner
comprising a casing (1), a propeller fan (2) disposed in
the casing (1), and an outlet grille (4) disposed on an
outlet side of the propeller fan (2), the outlet grille (4)
having a substantially quadrilateral outlet opening (8) and
having a plurality of blades (5) disposed in parallel with
one another at given intervals in the outlet opening (8),
the outdoor unit for use in an air conditioner
characterized in that, with respect to a plane (P) which
intersects with lines extending along lengths of the blades
(5) at a given angle (f) in a rotational direction of the
fan (2) and which includes a central axis of the fan (2), a
difference is provided between an inlet angle (ap)  of
portions (5A) of the blades (5) positioned in an area (cy)
on one side of the plane (P) and an inlet angle (ag) of
portions (5B) of the blades (5) positioned in an area (Cy)

on the other side of the plane (P).

2. An outdoor unit for use in an air conditioner as
claimed in Claim 1, wherein, with respect to the plane (P),
a difference is provided between a chord length (Lp) of the
portions (5A) of the blades (5) positioned in the area (Cq)

on the one side of the plane (P) and a chord length (LB) of



sanme nuneral for convenience) provided in the outlet grille 4.

Fig. 9 illustrates a sectional view of first bl ade 5 portions 5A, b5A
of the blades 5, 5, ... arranged in the first outlet area Cl,

and Fig. 10 illustrates a secti onal vi ew of second bl ade portions

5B, 5B, ... arranged in the second outl et area ihfm z. The o

or
el ements of the outdoor unit Z are the same aﬁ“ “I|“LITH||“Lr5t
this

enbodi nent. 10 In each blade 5 of the oUtl
enbodi nent, as shown in the draw ngs, t first blade portron 5A and
t he second bl ade portion 5B have the sa h basi ¢ shape in section
which is simlar to a section of a curved plate, while the first

‘bl ade portion 5A and the 15 second bl ade portion 5B have different
inlet angles [err], [err] and have different chord lengths L[err]

and L[err]. gﬂ@tpb§tlons (5Bt % f Nl 5&5&@5[?5L]p El@g% ?}1?9 98,242, 81

the first bl ade ion 5A positioned in't I'rs area

Cerr] where the,) on th@lé{hgﬁ/@g&gréflgh@ oypuargydirection is so set as
to 20 poi nt %pmard relative to a horizontal Irne according to

the direction of influx of the airflow, so that the inlet angl e aA
mat ches the direction of influx of the airflow as satisfactorily as
possi ble. By Tontrast, Aheoubtebranglie for usd eifi] anohiad fdditedasr SBa
of the second bl ade portion 5B 25 positioned in the second outlet area
C2 where the atldimed in Claim 1 or 2, wherein the angle (6) at which the
5 plane (P) intersects with the lines extending along the
lengths of the blades (5) is set within the range between

90° and 135°.

4. An outdoor unit for use in an ailr conditioner as
claimed in Claim 1, 2 or 3, wherein shapes of rear edges
10 (5Ab, 5Bb) toward the outside of the plurality of blades

(5) are the same throughout the outlet grille (4).

5. An outdoor unit for use in an air conditioner as
claimed in Claim 1, 2, 3 or 4, wherein front edges (5Aa,

5Ba) of the plurality of blades (5) are sawtoothed.

15 6. An outdoor unit for use in an air conditioner as
claimed in Claim 5, wherein the sawtoothed shapes of the
front edges (5Aa, 5Ba) of the blades (5) are formed of a

plurality of tapered projections (10).

7. An outdoor unit for use in an air conditioner as

20 claimed in Claim 6, wherein the tapered projections (10)



- 27 - enters in an upward direction is so set as to point
downward relative to a horizontal |ine, according to the direction
of influx of the airflow, so that the inlet angle [err] matches
the direction of influx of the airflow as satisfactorily as
possi bl e. Besi des, the chord length LA of t g@ft bl ade portion

5A positioned in the first outlet area Cl |s mg]m t he
chord lengths L[err] of t he second bl ade port ~ong & din

the second outl et area C2 is set .small. 10 *As+* can be
seen, this enbodinent has both the characteristics of the bl ades
of the first and second enbodi nents, so as to exert both the
‘operational effects of the first enbodi ment and the operational
effects of the second enbodi nent. Accordingly, nore quiet

operation of 4dfe ghhbedoutdeor rught raﬁﬁu%vqs& apgdgtbe cbaad f Vi
t he fan |2 fedgbe § w44 o ourtﬁgenbgdlnemﬁgvﬁﬂdbéﬂgx
described bel oyowtibns thereof at the center of the thicknesses of the

front edges (5Aa, 5Ba) of the blades (5).

8. An outdoor unit for use in_an air conditioner as
5 claimed in Claim 6, wherein the tapered projections (10)
are shaped like oblique pyramids or oblique cones having
apex portions thereof in positions tilted in the direction
of influx, relative to the center of the thicknesses of the

front edges (5Aa, 5Ba) of the blades (5).

10 9. An outdoor unit for use in an air conditioner as
claimed in Claim 6, 7 or 8, wherein the apex portions of

the tapered projections (10) are rounded.

10. An outdoor unit for use in an air conditioner as
claimed in Claim 6, 7, 8 or 9, wherein, with the height of
15 the tapered projections given as H and the chord length of
the blade (5) given as L, a ratio (H/L) of those values is

set within the range between 0.05 and 0.35.

11. An outdoor unit for use in an air conditioner as
claimed in Claim 6, 7, 8, 9, or 10, wherein, with the pitch

20 of the tapered projections given as S and the height of the



reference to Figs. 11 to 16. As an alternative to each
blade 5 of the first 20 enbodi nent, Fig. 11 illustrates a blade 5

(desi gnat ed by t he sane nuneral for conveni ence) provided in the

out | et grille 4. Fig. 12 illustrates a sectional view of first

bl ade portions 5A, 5A, ... of the blades 5, 5, ... arranged in t he
first outlet area Cl, and Fig. 13 illustrates a 25 ’ vi ew of
second bl ade portions 5B, 5B, ... arranged mﬂﬁ“@ l[’ﬁmln

- 28 - in the second outlet area (Jerr]. *The o ts of
t he outdoor unit Z are the sane as those of the first

enbodi nment . In each blade 5 of the outlet grille 4 in
this 5 enbodi mrent, as shown in the drawi ngs, elenents conprising
tapered projections 10, 10, ... are added to the basic

structure of thgp Qkége éf%jhé{%ﬁérglv%@pogénﬁﬂ,t a ratio (S/H) of Mfhose

t aper ed prOJectlons are formed with
values is set within the range between 0.5 and 1.5.

12, An outdoor unit for use in an air conditioner as
claimed in Claim 6, 7, 8, 9, or 10, Wherein, with the pitch
5 of the tapered projections given as S and the height of the
tapered projections given as H, a ratio (S/H) of those

values is set within the range between 0.7 and 1.3.

13. An outdoor unit for use in an air conditioner as
claimed in Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12,
10 wherein the casing (1) and the outlet grille (4) are formed
so that a position in which the outlet grille (4) 1is
installed can be changed so as to turn the direction of the
lengths of the blades (5) about the central axis of the fan

(2).

15 14. An outdoor unit for use in an air conditioner
comprising a casing (1), a propeller fan (2) disposed in
the casing (1), and an outlet grille (4) disposed on an
outlet side of the propeller fan (2), the outlet grille (4)
having a substantially quadrilateral outlet opening (8) and

20 having a plurality of blades (5) disposed in parallel with

one another at given intervals in the outlet opening (8),



a given pitch along the lengths of front edges 5Aa and 5Ba 10 of bl ade
portions 5A and 5B of the bl ade 5. The apex portion of each
tapered projection 10 in this enbodinent is shaped like a right

pyram d positione I"m II center of the thickness of the
front edge 5Aa or‘imﬂlﬁﬂlﬂl ”ﬂ”” F bl ade portion 5A or 5B. Such tapered
projections 10, 10, f5 ' ‘H#resprovided so that both the front edges 5Aa
and 5Ba of t he bl ade portions 5A and 5B have a saw oot hed shape.
Wien airflow fromthe propeller fan 2 enters bet ween the front edges
5Aa, 5Ba of the blades 5, the Fag ed projections 10, 10,

generate a | arge nunber of 20 small, wvertical vortexes fromthe
‘roots of the tapered projections 10, 10, ..., as shown by
streamines in Figs. 12 and 13, so that airflow having high

Lo P eyl IO e, SR HEDCE LIS SIS LR e
upper 25 SthhA&EcbPikbE S5C0PHaP) 398 cROTIQNAE) 8 £ALRaALANR)S GAen
intersects with lengths of the blades (5) at a given angle

() in a rotational .direction of the fan (2) and which

5 includes a central axis of the fan (2), a difference is
provided between a chord length (Lp) of portions (5A) of

the blades (5) positioned in an area (Cl) on one side of

the plane (P) and a chord length (L) of portions (5B) of

the blades (5) positioned in an area (C,) on the other side

10 of the plane (P).



be drawn close to the negative pressure surface.

Accordingly, airflow separation on the negative pressure surfaces of
the blades 5 is effectively restrained, even t hough the inlet angles
or chord length of the blades 5 has 5 a certain degree of deviation
fromthe opti mum val ue(s) for the directions of influx of the
airflow at the bl ade front edges 5Aa, 5Ba. As a result, the
operationaleﬁfﬁpts li ke t he above enbodi ments are achi eved nore
reliably. Frgl In this enmbodi nent, the tapered projections 10
10 shaped |i ke regul ar cones accommodate the deviation of the

inlet angles or chord length of the blades 10 fromthe opti mum

val ue(s) for the directions of influx of the airflow at the bl ade
front edges 5Aa, 5Ba, whether the =13Beviation is upward or downward,
so that airflow separation 15 on | tive DYESSLWEEZFUCtiOH)
surfaces of the blades 5 =067t ely strai ned. —

In order to nost effectiwély and reliably ach the specific
operational effefs e tapered prajections N_ 10 az descri bed
above, it is necessary t ‘%HggiLde_an appronki ale shapel and the |ike
for the tapered projectijolisg et e-fmvent nd such
appropriate shape(?ﬂd t Qe AN HreIny BT e
shown in Fig. 14, fhe cHef -%?s -

L, the height &ALhe

A=A
S {L——/ﬂb\;'ﬂ’

As
given as

m < =7

Fig.2




25 projections 10 is given as H, and the pitch of the tapered

- 30 - projections 10, 10, is given as S. In the first place,
the relation between the ratio of the height H of the t aper ed
projections 10 to the chord length L of the blade 5 and noi se | evel
(i.e., one of the effects achieved by the 5 restraint on airflow
separati on that the t aper ed projections 10 perform was

consi dered by experinment and, as shown by experinental data in Fig.
15, the ratios . (H L) bet ween 0.05 and 0.35 were found to be nost

pr ef er abl e. Next, the relation between the ratio of the
pitch 10 S of the gaqpbpgéprojections 10, 10, ... to the height H of
the tapered projection a noi se | evel was consi dered by
experinent; as shown by experinmental data in Fig. 16, the ratios
(S/'H) between 0.5 and 1.5 provided sati sfacioy results and the
ratios (S/H limted to the range between 0.7 and 1.3 were found to

provide still better results.5Aa_\ —5Ab
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Fig. 17 illustrates ai r-vol une/ noi se characteristics on the

above enbodi nents in conparison with a prior art. In Fig 17,
a synbol [err] represents the characteristics of the prior art
(Figs. 20 to 22); a synbol 20 A represents the characteristics in
the case that the bl ades of the prior art each conprising the

t aper ed projections 10, 10, ... were used; a synbol [err] represents
t he characteristics of the first enbodiment; and a synbol [err]
represents the_characteristics of the fourth enbodi nent.

- 31 - is observed fromthe experinmental data that the

i nvention achleves unpzsgeggatlon of the outdoor unit. A
fifth enmbodi ment will cribed below with reference to Figs. 18
and 19. 5 As to a plurality of blades 5, 5, ... provided in
the outlet grille 4 in the fifth enbodi ment instead of the bl ades 5

of the first enbodinent, Fig. 18 iIIustra%giaa

9Bb

Fig.6
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sectional view of first blade portions 5A, 5A, ... arranged in the
first outlet area Cl, and Fig. 19 illustrates a 10 sectional view of

second blade portions 5B, 5B, .
outlet area CJerr]. The blades 5 of

positioned in the second

this enbodi nent represent a

nodi fication to the bl ades 5 of the fourth enbodi nent. In the
fourth enbodinent, a plurality of tapered projections 10, 10, ..
on the front 15 edges 5Aa and 5Ba of each blade 5 are shaped |ike right
pyram ds; in the fifth enbodi ment, by contrast, a plurality of
tapered projections 10, 10, ... on front edges 5Aa and 5Ba of each
bl ade 5 are shaped |i ke oblique pyram ds. Mor e specifically, the

apex portions of the tape rFections 20
positions tilted in the dir€ction of
forwarded to the blade 5, relative to

10, 10, ... arein
influx of the airflow
the center of the thickness of

the front edges 5Aa and 5Ba t I . Wth
10, E“Bq S g%egﬂagg

t he tapered projections 10,
in this manner, the directions of

A

AT

Fig.8
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- 32 - i nflux of the.airfIOM/fron1the propeller fan 2 can be
mat ched with the inlet angles [err] and [err] of the blades 5 as
conpletely as possible in the first outlet area CJerr] and the

second outlet area C2, respectively. Besides, airflow 5 havi ng
hi gh velocities of flow at |arge distances fromthe suction surface
of each blade 5 can be drawn close to the suction surface; as the
synergy between these effects, nore gui et operation can be achi eved
and the load for driving the fan can be further reduced. 10
In the fourth enbodi nent, the tapered projections 10, 10, ... are
provi ded on the front edﬁg’??and 5Ba of each blade 5 in which
the first blade portion 5A ahd the second bl ade portion 5B have the
same chord | ength and different inlet angles; however, the
invention is not 15 limted to such an angenent . For exanple, the
t aper ed projections 10, 10, ... may provi ded on front edges 5Aa
and 5Ba of each blade 5 in vvhiﬁmg first bl t5ﬁb5A and a
second bl ade portion 5B have the sa inle e and di fferent
chord lengths. In this arrangenent 20 qui et operation can
be achieved and the [oad for driving | the fan can be reduced.
In the fourth and fifth enbodi ments, tihe '

Xn

Frgl0




portion of each tapered projection 10 is shaped like a spire;
however, the apex portion of each tapered projection 25 10 i s not
limted to such a shape but may be rounded. In

- 33 - the case that the apex portion of each tapered projection
10 is rounded, the tapered projections can be readily manuf act ur ed
and an inproved safety in handling is ensured, in conparison with
the case that the apex portion is shaped 5 like a spire.

The sawt oot hed.-front edges 5Aa and 5Ba of each bl ade 5 may be
fornmed, e.g., sinply by cutting in a zi gzagged manner the bl ade
front edges 5Aa and 5Ba which have the curved basic sections of the
first to third 10 g% dlnents rat her than by provi di ng t he

t aper ed proj ecti That is, the blade front edges

5Aa and 5Ba have onIy tofbé sawm oothed in order that the
ai rfl ow having high velocities of flow at |arge distances

Aa

Firg.l2
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fromthe suction surface of each blade 5 may be drawn close 15 to the

suction surface. | NDUSTRI AL APPLI CABI LI TY The
outdoor unit for use in an air conditioner according to the
invention can be preferably applied to an air conditioner,
especially to an air conditioner of 20 separate type having an indoor
unit and an outdoor unit. - 34-
CLAI V5 1. An outdoor unit for use in an air conditioner
conprising a casing (1), a propeller fan (2) disposed in t he casing
(1), and an outlet. grille (4) disposed on an 5 outlet side of the
propeller fan (2), the outlet grille (4) havi ng a substantially
“quadrilateral outlet opening (8) aq% having a plurality of bl ades
(5) disposed in parallel witir/g 13 one another at given intervals in the

outl et opening (8),

SBa 5B 5Bb
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t he outdoor unit for use in an air conditioner 10 characterized in
that, with respect to a plane (P) which intersects with |ines
extendi ng al ong | engths of the bl ades (5) at a given angle ([err])
in arotational direction of the fan (2) and which includes a
central axis of the fan (2), a difference is provided between an
inlet angle [err] of 15 portions (5A) of the blades (5) positioned in
an area ((err]) . e side of the plane (P) and an inlet angle
 pofti e 13

([err]) of B) of the blades (5) positioned in an area
(C2) on the other side of the plane (P). 2. An
outdoor unit for use in an air conditioner as 20 claimed in Caiml,
wherein, with respect to t plane (P) a difference is provided
bet ween a chord |l ength (LA) of] the portions (5A) of the bllades (5)
positioned in the area ((err]|) on the one side of the plgne (P) and
a chord length (LB) of:; - - 35-
S
- 49}
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the portions (5B) of the blades (5) positioned in the area (C2) on
the other side of the plane (P). 3. An outdoor unit for use
in an air conditioner as claimed in aim1l or 2, wherein the angle
(0) at which the 5 plane (P) intersects with the Ilnes ext endi ng

al ong the | engt hs of the blades (5) is set within the range between
90[err] and 135[err]. 4, An outdoor unit for use in an air
condi tioner as claimed in daiml, 2 or 3, wherein shapes of rear
edges 10 (5ADb, rﬁLB(bquf rd the outside of the plurality of bl ades

(5) are the sane th the outlet grille (4). 5. An
outdoor unit for use in an air conditioner as claimed in daima1l,
2, 3 or 4, wherein front edges (5Aa, 5Ba) of the plurality of

bl ades (5) are saw oot hed. 15 6. An outdoor unit for use in an
air conditioner as clained in daimb5, wherein the sawt oot hed shapes
of the front es (5Aa, 5Ba) of the blades (5) are torned of |a
plurality of tapered projections (10). 7. An out door ynit
for use in an air condi{ioner as 20 claimed in Oaimé6, wherein the
t apered projections 5&})

-
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- 36- are shaped like right pyramds or right cones having apex

portions thereof at the center of the thicknesses of the front
edges (5Aa, 5Ba) of the blades (5). 8. An out door unit for
use in an air conditioner as 5 claimed in Caim6, wherein the
tapered projections (10) are shaped li ke oblique pyramds or
obl i que cones havi ng apex portions thereof in positions tilted in
the direction of influx, relative to the center of the thicknesses
of the -front edges (5Aa, 5Ba) of the blades (5). 10 9.
An outdoor unit for use in an air conditioner as claimed in daim
6, 7 or 8, wherein the apex portions of the tapered projections
(10) are rounded. : 10. An outdoor unit for use in an air
condi tioner as .
Fig.l8
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claimed in daim6, 7, 8 or 9, wherein, wth the height of 15 t he

t apered projections given as H and the chord | ength of t he bl ade
(5) given as L, aratio (HL) of those values is set within the
range between 0.05 and 0. 35. 11. An outdoor unit for use in
an air conditioner as claimed in daim6, 7, 8 9, or 10, wherein,
with the pitch 20 of the tapered projections given as S and the hei ght
of the - 37 - t aper ed
projections given as H a ratio (S/H of those values is set within
t he range between Of,a?i E& 12. An outdoor unit for use in
an air conditioner as . claimed in daim6, 7, 8 9, or 10, wherein,

"wWith the pitch 5 of the tapered projections given S and t he hei ght
of the tapered projections given as H, a ratio (&I) of those
values is set within the range between 0.7 and 1. 3. /
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13. An outdoor unit for use in an air conditioner as claimed in
Caiml1l, 2, 3, 4, 5 6, 7, 8, 9, 10, 11 or 12, 10 wherei n the casing

(1) and the outlet grille (4) are forned so that a position in which
the outlet grille (4) is installed can be changed so as to turn the
direction of the | engt hs of the blades (5) about the central axis of
the fan (2). 15 14. An outdoor unit for use in an air
condi ti oner conprising a casing (1), a propeller fan (2) disposed in
the casing (1); and an outlet grille (4) disposed on an outl et side
of the propeller fan (2), the outlet grille (4) havi ng a
substantially quadrilateral outlet opening (8 and 20 havi ng a
plurality of blades (5) disposed in parallel with one anot her at

given intervals in the outlet opening (8),
- 38 - ; oor unit for use in an air conditioner
characterized in that, mﬁfﬂpzzsgggf to a plane (P) which

26 26b



intersects with lengths of the blades (5) at a given angle ([err])

in arotational direction of the fan (2) and which 5 i ncludes a
Ttentral axis of the fan (2), a difference is provi ded between a
chord length (L[err]) of portions (5A) of t he bl ades (5) positioned
4.n an area (C[err]) on one side of the plane (P) and a chord | ength
(LB) of .portions (5B) of the bl ades (5) positioned in an area (C2)
on the other side 10 of the plane (P). o

- 39 -

ABSTR.ACT OF THE DISCLOSURE
An outdoor unit for use in an air conditioner has
a propeller fan (2) disposed in a casing (1), and'an outlet
grille (4) disposed oﬁ an outlet side of the propeller fan
5 (2) . The outlet grille (4) has a square outlet opening (8)
and has a plurality of blades (5) disposed in parallel with
one another at given intervals in the outlet opening (8).
With respect to a plane (P) which intersects with lines
extending along lengths of the blades (5) at a given angle
10 () in a rotational direction of the fan and which includes
the central axis of the fan (2), a difference exists
between an inlet angle (@) of portions (5A) of the blades
(5) positioned in an area (C,) on one\Side of the plane (P)
and an inlet angle (ag) of portions (éB) of the blades (5)
15 positioned in an area (C,) on the other side of the plane

(P).



