245991597 -BAN GUARD FOR AIR BLOAW' NG UNI T AND Al R- CONDI TI ON
TECHNI CAL FI ELD The present invention relates to avfaqwmmm | n 5 air
| owi ng uni't which does not nmake noise or a short- cir he fan is

in operation (blowing air), and to an air-conditioning devwé® provi ded
with the fan guard. BACKGROUND ART 10 One exanple of the air blow ng unit
Is the outdoor wunit of an air-conditioning system As shown in Figures 20
and 21, aFANUIGITARD LFOR XPR)BLOWINGaUNIMOMAND i ATRACONBYTIONING OEYICE:d of
a heat exchanger (21) and a propeller fan (22) which are stored in a

box- shaped casing. 15 On the front side of the casing, an air outlet (20a)
is fornmed by a bell nouth (23), which is a fan guide. A grille-structured

fan guard (24) for protecting t ' ged to cover the air outlet
(20a) of the casing. Rotating t@%@g’%&é ﬁiﬁgﬁ (22) causes air to be taken

20 into the casing_through the opening for air_intak 20b n_the rear
s de. The air I SBECRARL YRRERB: FelAtERobP” (515 ahy HAFDpEPEerat an
(22), the bell nmouth (23), the air _outlet (20a), and, the fan guard (24)
in thids aifderbkawirgt dnid bwbhaht Aees Nied fRake JI0i$R 6%t ddorshort-

circuit while the fan is in operation (blowing air), and

to an air-conditioning device provided with the fan guard.

BACKGROUND ART

10 One example of the air blowing unit is the outdoor
unit of an air-conditioning syspem. As shown in Figures
20 and 21, an outdoor unit (20) of an air-conditioning
system 1is composed of a heat exchanger (21) and a
propeller fan (22) which are stored in a box-shaped casing.

15 on the front side of the casing, an air outlet (20a) is
formed by a bell mouth (23), which is a fan guide. A
grille-structured fan guard (24) for protecting the fan is
arranged to cover the air outlet (20a) of the casing.

Rotating the propeller fan (22) causes air to be taken

20 into the casing through the opening f§r air intake (20b)
on the rear side. The air passes through the heat
exchanger (21), the propeller fan (22), the bell mouth
(23), the air outlet (20a), and the fan guard (24) in this
order so as to be blown toward the front of the outdoor

25 unit (20) as indicated with the arrows.
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25 unit (20) as indicated with the arrows. ~~~ The fan guard (24) has a
grille structure where a plurality of protecting ribs (25, 25) and a
plurality of supporting ribs (26, 26) forma fan-shaped lattice. The
protecting ribs (25) are extended in the formof rings 5 around the
rotation axis of the propeller fan (22) and are nmade froma steel wre
which is circular in cross section in consideration of the outward
appear ance. OTHeéhrefanhequahdnd(24 e mgppartgniliebss{Pb¢tare exhendedai n
the radial direction at predeterm ned intervals orthogonal to the 10

rotation ﬁmaiﬁztg b O it PRG! L ehsf q&s(Zzﬁs--?n d €a g&qgaflr gt eel

wire which s circular 7 n cross ectlon The sugporti ng are

wel ded to_the ot ecti. S u e S striicture
of the oJFOBBPERIRE CiE c{ﬁpr% 9?3’?'\ SRt ?ﬁt@f} Fnaiie ! be
out door unit kes 2). har 0 _be sgen from

out si de, P’Eﬂ%é@ﬁ}“&nh’éﬁ‘&? ng‘QIt @f?er?i‘) erlgf?lhel’éntﬁq\‘ee %Sg“ngo nd %o
offering a well-bal anced structure in ternms of design. 20 - PROBLEM
SOLUTIBONS FewRdetther potaican dquxts i 96dtpe dronellken frar §2224pndm@ke from
a steel wire requires the welding of the supporting ribs (26) to the

prot ecti rmadeb€frpab)a swteeh wire which is circular in cross section

in consideration of the outward appearance. On the other

hand, the supporting ribs (26) are extended in the radial

direction at predetermined intervals orthogonal to the

10 rotation axis (0-0’) of the propeller fan (22), and are

made from a steel wire which is circular in cross section.

The supporting ribs (26) are welded to the protecting ribs
(25) so as to support them.

This structure of the outdoor unit (20) can protect

15 the propeller fan (22) inside the outdoor unit (20), and

also makes the fan (22) harder to be seen from outside,

thereby enhancing the exterior of the entire casing and

also offering a well-balanced structure in terms of design.

20 ~PROBLEM SOLUTIONS-

However, the above-described prior art fan guard (24)
made from a steel wire requires the welding of the
supporting ribs (26) to the protecting ribs (25), which
increases the cost.

25 In addition, when a current caused by the propeller
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I ncreases the cost. 25 In addition, when a current caused by the propeller
2 fan (22) passes into the fan guard (24), it cannot snoothly follow the
surfaces of the ribs (25, 26) because the surfaces are circular in cross
section. As aresult, the current is split by the surfaces so as to
devel op 5 vortexes, which leads to a pressure |oss and nakes noise. It
woul d be possible to reduce the pressure loss by formng the ribs (25, 26)
flat w thfaaspg@Ri)ve passeget eimicedthe dt fisan Agubaknd sq@4)t,i ndt | tcamnobd be
possible to lower the cost by integrally nmaking the ribs 10 (25, 26) from

a synthetbgobehily AEOMENE' theNsbtFadedb ot t BReC Wit (35 PMRE6l)e HE Nt er
fan (22) flowng'into the fan guard (24) includes a speed conponent having

a predeterpin [Ju I Qs i rect | f égﬁg' n ofgthe APl ! er
faﬁ (22).£$hig%fgﬂﬁgﬁisgfﬁeB&%?é&ﬁ&gﬁﬁgfb?ﬁggaﬁi i 6&fhg é?oalt e propeller
fan (22) djsagree with the angle at ich the flat surfaces of,the ribs
(55, 56) Ghe HaTesntnas s pRLir Bl "ThEnadEAGEE o8G SRBn 5F ¢ HATRLIP ot
surfaces, thereby devel oping vortexes. This leads to a pressure |oss and
20 nalfes viertexeshe whdidtikeads 0 oy Breapurged@sh andynakes prepsel-er

It would be possible to reduce the pressure loss by
forming the ribs (25, 26) flat with respective
predetermined widths. At the same time, it would be
possible to lower the cost by integrally making the ribs

10 (25, 26) from a synthetic resin.

However, in that case, the current from the propeller
fan (22) flowing into the fan guard (24) includes a speed
component having a predetermined magnitude in the
direction of rotation of the propeller fan (22). This

15 makes the direction of the air flowing from the propeller
fan (22) disagree with the angle at which the flat
surfaces of the ribs (25, 26) are set so that the current
comes 1into collision with the flat surfaces, thereby
developing vortexes. This leads to a pressure loss and

20 makes noise.

The velocity of flow of air generated by the propeller
fan (22) differs among different positions in the
direction of the radius of the fan (22). As known from
the measured data shown in Figure 13, the current from the

25 outer portions of the blades (22a) of the propeller fan
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fan (22) differs anong different positions in the direction of the radius
of the fan (22). As known from the neasured data shown in Figure 13, the
‘current fromthe 25 outer portions of the blades (22a) of the propeller fan
3 (22) alittle closer to the hub (22b) than the tips (27) of the bl ades
(22a) has a higher velocity than the current fromthe tips (27). The
velocity distribution in the direction of the radius of the fan (22)

i ndi cat es(2R3t & hEittlel edioserofte heheurhdnt (2i2b) eddes ftiven thesowtZT)
portions of the blades (22a) both towards the hub (22b) side and towards

the tips §£7knhel $Aaddisi d£24 enast ar ndighat afedcitp BHAn( 28) cuxrrent

difference in pressure causes a reverse current which goes 10 fromthe

downst ' eapySpieepl ! (P o1 TPe( 271405 {PC ditthef 260} 15hdein Thhe

reverse currfent intefferes wth the current owng 1n t%e I nt ende
direction,.thereby c ) an.issu nQi_se. en.the air blowing.unit is
appl i ed t‘BlFﬁEE(}B%/’dS%TU%hé %&%u%f ogn%&ier : c%hd‘#bn?‘ﬂ lﬁ?‘é?gmtg@tdggﬁi bed
above, a short-circuit phenonenon occurs. That is, the air flown by the
propeld ervebacity) off tehe pausrpgt: Hienkprsae Keem e hanger pePHtidieads

outward in the direction of the radius of the fan (22) to be drawn towards
the rear sfdehe blades (22a) both towards the hub (22b) side and

towards the tips (27) side.
Inside the outer diameter of the hub (22b), a
difference in pressure causes a reverse current which goes
10 from the downstream side of the propeller fan (22) to the
hub (22b) side. The reverse current interferes with the
current flowing in the intended direction, thereby causing
an issue of noise.
When the air blowing unit is applied to the outdoor
15 unit of an air-conditioning system as described above, a
short-circuit phenomenon occurs. That is, the air flown
by the propeller fan (22) after passing through the heat
exchanger (21) spreads outward in the direction of the
radius of the fan (22) to be drawn towards the rear side,
20 and again goes into the heat exchanger (21). This short-
circuit phenomenon, which deteriorates the air
conditioning performance, must be avoided as effectively
as possible.
However, the current from the propeller fan (22)

25 generally has a speed component in the centrifugal

4



20 and again goes into the heat exchanger (21). This short- circuit
phenonmenon, which deteriorates the air conditioning performnce, nust
*avoi ded as effectively as possible. However, the current fromthe
propeller fan (22) 25 generally has a speed conponent in the centrifugal
direction, and tends to spread outward in the direction of the radius

‘the fan (22).

travel s 5 towards the heat exchanger (21), which may cause a short-
circuit. FResS A£NASHCHE SLHOr €afONEAR FUOURS My aredadt WNEKE aRrobfiskg fan

I s used instead of the propeller fan.

e AR RN B R PSR S i Al

solving t

be

of

As a result, the air flown out through the fan guard (24)
adher es t direetfirmt -andlietends| tof spreahsurwainéd in €hendd refdteicin afid

DI SCLOSURE OF THE | NVENTI ON 10 Each

f
t he

i nventions re provided with the follow ng effective probl em sol vi
means. 15""6@:? FPEst TRAVeTRF LRI THRIE (&R i(ng%'h‘E?or?’%gecb'EOViaHb‘? \/ﬁ’i?}vezf?rarre

;franged around the perinmeter of an air outlet (2a) of a

(4a)

10

15

20

25

towards the heat exchanger (21), which may cause a short-
circuit. This tendency is more conspicuous 1in a case

where an oblique fan is used instead of the propeller fan.

DISCLOSURE OF THE INVENTION
Each invention of the present application has been
contrived with the aim of solving the above-mentioned
problems. In order to achieve the object, the inventions
are provided with the following effective problem-solving

means.

(1) First Invention

The first invention 1is provided with a frame (4a)
arranged around the perimeter of an air outlet (2a) of a
fan (6), and with a plurality of board-shaped ribs (41, 41
««) extending radially from the vicinity of the center of
the frame (4a) outward in the direction of the radius of
the fan (6).

The board-shaped ribs (41) are outward curved in the
direction of rotation of the fan (6), and also inclined in

the direction of air flowing from the fan (6).

5
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fan (6), and with a plurality of board-shaped ribs (41, 41 20 ... )
extending radially fromthe vicinity of the center of the franme (4a)
“outward in the direction of the radius of the fan (6). The board-shaped
ribs (41) are outward curved in the direction of rotation of the fan (6),
and also inclined in 25 the direction of air flowwng fromthe fan (6). In
‘other words, the first invention conprises a frane (4a) arranged around
the perineter If ¢otkeni womdsl,etthiafirst tinwendriqrs)compdiaep! ar af rame of
board-shaped ribs (41, 41) extending radially fromthe vicinity of the

center 5 phahhedraifed 4aro6RAr hRONENInéBet N6 £r Al | #Tr avut 16¥ pza_\r%of
the fan (6) outward 1n the direction of the radius of the fan (6). e

plurality_of argd-sh d rihs r 5H%¥L ' e direcijgpn of
rotation 8? }E‘% ffajlanr§ ?g?'a%ggala'(s ll%%#li')ﬁte:g ?ﬁeﬁe |?se1(ll:€?%§ g Ib;sﬁ(t%fbvm ng
from 10 the fan (6). As stated hefore, there is a case where the air

bl owi ng uflt*ids e¥benddngo Hadt ke EEAM Uye aKiGipl é’orf\l,)%]t Fgﬁi FERYRE em
In this case, the occurrence of a short-circuit_ nust be prevented as nuch
as podsi bPE thehcEhame (@adeFRBEERSPPRELIAL, -tDnBREI FALYRL IR f BXAENcE?~ The

air taken in through the opening for air intake on the
0’) of the fan (6) outward in the direction of the radius

of the fan (6). The plurality of board-shaped ribs (41,

41++) are extended in the direction of rotation of the fan

(6) and also inclined in the direction of air blowing from
10 the fan (6).

As stated before, there is a case where the air
blowing unit is applied to the outer unit of an air-
conditioning system. In this case, the occurrence of a
short-circuit must be prevented as much as possible

15 because it decreases the air-conditioning performance.
The air taken in through the opening for air intake on the
back side of the casing passes through a heat exchanger
and then is blown off through the air outlet (2a) on the
front side of the fan (6). It is necessary to avoid a

20 phenomenon in which the flown air is again taken in
through the opening for air intake and supplied to the
heat exchanger. However, the current generated by the fan
(6) arranged upstream of the fan guard (4) tends to flow
outward in the direction of the radius of the fan (6).

25 cConsequently, if nothing is done, it is likely that the
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back side of the casing passes through a heat exchanger and then is bl own
off through the air outlet (2a) on the front side of the fan (6). It is
*necessary to avoid a 20 phenonenon in whiich the flown air is again taken in
t hrough the opening for air intake and supplied to the heat exchanger.
However, the current generated by the fan (6) arranged upstream of the fan
‘guard (4) tends to flow outward in the direction of the radius of the fan
(6). 25 congeementfyomi theotfamgguardona) i adhereskaloy tihat sult€a@ecuof ent
fromthe fan guard (4) adheres to the surface of the front wall of the

casing dugnko £pafifa wiirChnghe! raielfq! WRE Itd Neolilh c¥PaBECrand the

rear side, thereby causing a short circtit. 5 Therefore, in the first
i ect i ontBRYeIE: at DHRTHE t LY aher - et on T Eon S ndtd. i b
(41) makes _a force (Fr) inward in the direction of the radius of the f an
(6) appl ytBBreRY CAYSIRI AIt$RPELi FLE6Ue%e direction of the radius of the
fan (6). Consequently, the current fromthe fan guard (4) is prevented
from | owi nFheregexei n ithether dcirsh dnviend ionli ushef pheraihty(ef
whi ch reduces the occurrence of a short circuit as mnuch as possible.
board-shaped ribs (41) are curved in the direction of
rotation of the fan (6). As a result, the board-shaped
ribs (41) makes a force (Fr) inward in the direction of
the radius of the fan (6) apply on the current outward in

10 the direction of the radius of the fan (6). Consequently,
the current from the fan guard (4) is prevented from
flowing outward in the direction of the radius of the fan
(6), which reduces the occurrence of a short circuit as
much as possible.

15 As stated above, the current generated by the fan (6)
and flowing into the fan guard (4) becomes spinning
currents having a speed component in the direction of
rotation of the fan (6). As a result, if the direction of
the current dgenerated by the fan (6) does not agree with

20 the angle at which the board-shaped ribs (41) are
installed, the current is split and noise occurs.

Therefore, in the first invention, the board-shaped
ribs (41) are inclined in the direction of air flowing

from the fan (6). As a result, the direction of the

25 current from the fan (6) agrees with the angle at which

7



15 As stated above, the current generated by the fan (6) and flowing into
the fan guard (4) becones spinning currents having a speed conponent in
*the direction of rotation of the fan (6). As a result, if the direction of
the current generated by the fan (6) does not agree with 20 the angle at
Wwhich the board-shaped ribs (41) are installed, the current is split and
noi se occurs. Therefore, in the first invention, the board-shaped ribs
(41) are thel boadd-sHdpedirtbsi (a19f axie Irswvahbedf r emithe claan féjucds a
result, the direction of the 25 current fromthe fan (6) agrees with the

angl e at wRieClpl tdeimpas - shapeshr i dst (43) miich 145t pbs8db1wh)i ath&ddyy educe

the splitting of the current as nuch as possible, thereby further |owering

t he nOiSeﬁ3§%§%§é§@%é¥fﬁﬁééﬁﬁ5@3%%Qe first invention are shaped 5 I|ike

boards, t gener €°fan (6) snoothly follows the surfaces
of the board-shaped ribs (41). As a _result, splifting of current occurs
| ess, which elSiGRERe Fﬁ?ﬂwQ&%ﬁw%fI5§§ éﬁﬁéiw%ﬂ%eghéoﬂoP§€.SR?R%g
Second I nvention The second invention is provided with a frane (4a)
arranded aibkenboardsperihmteeruentnggnerakedetby 2eheofan (Han sothnky
further with a plurality of board-shaped ribs

follows the surfaces of the board-shaped ribs (41). As a

result, splitting of current occurs less, which eliminates

the pressure loss and lowers the noise.

10 (2) Second Invention
The second invention is provided with a frame (4a)
arranged around the perimeter of an air outlet (2a) of a
fan (6), and further with a plurality of board-shaped ribs
(41, 41-+) extending radially from the vicinity of the
15 center of the frame (4a) outward in the direction of the
radius of the fan (6). The second invention is further
provided with a plurality of nearly cylindrical ribs (42,
42 ) which are integrated with the plurality of board-
shaped ribs (41, 41--) and arranged concentrically around
20 the rotation axis (0-0’) of the fan (6) at predetermined
intervals in the direction of the radius of the fan (6).
The board-shaped ribs (41) are curved outward in the
direction of rotation of the fan (6), and also inclined in
the direction of air flowing from the fan (6).

25 In other words, the second invention comprises a frame

8



(41,, 41 ...
frame (4a) outward in the direction of the radius of the fan (6). The
*second invention is further provided with a plurality of nearly
cylindri cal
board- shaped ribs (41, 41 ... ) and arranged concentrically around 20 the
rotation axis (0-01) of the fan (6) at predetermined intervals in the
direction(@f)t erraged arouhd ftdre (feriméherbeod celsdaptd wutrddtilj2aye
curved outward in the direction of rotation of the fan (6), and al so
inclined b dfe #hheqld)on &f pauirahliey ngsf beardldHated 6rindS (4y Ot her
the second invention conprises a frame 8 (4a) "arranged around the
perineter_gg

boar d- shape

wor ds,

center

of

the frame (4a) corresponding to the rotation axis (0-0

) extending radially fromthe vicinity of the 15 center of the

ribs (42, 42---) which are integrated with the plurality of

e (580518 SharhohaGPaPY o HERG BN o ne

5 of

)
the fan (&NCokxRRe (AWhLATRIPPBALBE thRe FHE JOTAt1Meakds (6970aMNd a
plurality of nearly cylindrical ribs (42, 42) which are integrated with
t he plaurabift whef fanan(@)sapedpydbin( 4Lhe 4dirgatianr @fgetheomadhiug cafl y
around the rotation axis (0-0") of the fan (6) at 10 predeterm ned
i nterval sthe tfendi(69Gt i andofa tprurallity odf nearflyn ¢plindbécpllureibsy of
boar d- shaped ri bs (41, 41)

10

15

20

25

(42,

42 -+ ) which are integrated with the plurality of

board-shaped ribs (41, 41--) and arranged concentrically

around the rotation axis (0-0’) of the fan (6) at

predetermined intervals in the direction of the radius of

the

are

and

fan

fan (6). The plurality of board-shaped ribs (41, 41--)
extended in the direction of rotation of the fan (6)
also inclined in the direction of air flowing from the

(6)-

As stated before, there 1is a case where the air

blowing unit is applied to the outer unit of an air-

conditioning system. In this case, the occurrence of a

short-circuit must be prevented as much as possible

because it decreases the air-conditioning performance.

The

air taken in through the opening for air intake on the

back side of the casing passes through a heat exchanger

and

then is blown off through the air outlet (2a) on the

front side of the fan (6). It 1is necessary to avoid a

phenomenon in which the flown air is again taken in

through the opening for air intake and supplied to the

9



are extended in the direction of rotation of the fan (6) and also inclined.
in the direction of air flowwng fromthe fan (6). 15 As stated before,
‘there is a case where the air blowing unit is applied to the outer unit of
an air- conditioning system In this case, the occurrence of a

short-circuit nust be prevented as nuch as possible because it decreases
‘the air-conditioning performance. 20 The air taken in through the opening

for air i Reake éRchhfigeack HbGevelr,t heheastugreassetromr agh dahea{6)
exchanger and then is blown of f through the air outlet (2a) on the front

side of ta‘irfa%ge(dﬁ) uglsttrie_%nf‘e‘é%‘sﬁhlé t @a@vohfada PPEYOTEERAS Neyhi £holhe
flown air 1's again taken in 25 through the Opening for air I ntake and
supplied to,the heat,_.exchanger.. Ho er,,.the_cgurrent fr t fa 6)
i ronged BREURES R i T aRREE e St o "Ea SR CEL B 2RR (he)”
direction of the radius of the f, an (6)._  Consequently,,  if_  nothing is done,
it is |ikePpsegentdy 5 &b ML IR misheAenen dgérﬂs(d)lmrggalto the surf
ace of the front wall of the casing due to Coanda effect and travels
towar ds t hurireat ofxomngbe dan hguardr (d)deadheneseldp chlvei syrfasieorof
circuit. Therefore, in the second invention, the plurality of

the front wall of the casing due to Coanda effect and

travels towards the heat exchanger on the rear side,
thereby causing a short circuit.
Therefore, in the second invention, the plurality of
10 board-shaped ribs (41) are extended in the direction of
rotation of the fan (6). As a result, the board-shaped
ribs (41) make a force (Fr) inward in the direction of the
radius of the fan (6) act on the current outward in the
direction of the radius of the fan (6). Consequently, the
15 current from the fan guard (4) is prevented from flowing
outward in the direction of the radius of the fan (6),
which reduces the occurrence of a short circuit as much as
possible.
The second invention further comprises a plurality of
20 nearly cylindrical ribs (42) which are integrated with the
board-shaped ribs (41) and arranged concentrically. This
structure makes the whole current in the direction of the
radius of the fan (6) be converged forward due to the
effect of the nearly cylindrical ribs (42) controlling the

25 direction of the current. This prevents the occurrence of

10



10 board-shaped ribs (41) are extended in the direction of rotation of the
f an (6). As a result, the board-shaped ribs (41) make a force (Fr) inward
“inthe direction of the radius of the f an (6) act on the current outward
in the direction of the radius of the fan (6). Consequently, the 15
current fromthe f an guard (4) is prevented fromflowing outward in the
direction of the radius of the f an (6), which reduces the occurrence of a

short ciraushozt widrwhist Hussheéreceffbetieediyd | nvention further conprises
a plurality of 20 nearly cylindrical ribs (42) which are integrated with

the board-shapeds¢ibsed(4bbva)d tHd aPgLfeftNGRM A Yoy TBhe i uﬁlr e
makes the whole current in the direction of the radius of the fan (6) be

St G TR R T T

controlling the I on he curr Thi*'s“prevent's the occurrence
of 10 a short circujt further effectivel

ﬁ' As state abogﬁ, t he, current
gener at ed°BYTERES: BAVABY aAnSPESN rigPTRPRERRe +8n r LB HERR
spinning currents having a speed conponent in the direction of 5 rotation
of thd fanotakionsof rtdwi| fan| (6)ne BFracthesnldi, ihethear dareckdeny afd by
the f an (6) does not agree with the angle at which the board-shaped ribs
(41) are the current generated by the fan (6) does not agree with
the angle at which the board-shaped ribs (41) are
installed, the current is split and noise occurs.
Therefore, in the second invention, the board-shaped
10 ribs (41) are inclined in the direction of air flowing
from the fan (6). As a result, the direction of the
current from the fan (6) agrees with the angle at which
the board-shaped ribs (41) are installed, which can reduce
the splitting of the current as much as possible, thereby
15 further lowering the noise.
Since the ribs (41) of the second invention are shaped
like boards, the current generated by the fan (6) smoothly
follows the surfaces of the board-shaped ribs (41]). As a

result, splitting of current occurs less, which eliminates

20 the pressure loss and lowers the noise.

(3) Third Invention
The third invention 1is provided with a frame (4a)
arranged around the perimeter of an air outlet (2a) of a

25 fan (6), and further with a plurality of board-shaped ribs

11



installed, the current is split and noise occurs. Therefore, in the second
I nvention, the board-shaped 10 ribs (41) are inclined in the direction of
air flowng fromthe f an (6). As a result, the direction of the current f
romthe f an (6) agrees with the angle at which the board-shaped ribs (41)
are installed, which can reduce the splitting of the current as nuch as
possi bl e, thereby 15 further lowering the noise. Since the ribs (41) of

the secondghnveqqi-on apgrehdiery kalealagr deromhecifelr kaRtinganer aifedtipy the
fan (6) snoothly follows the surfaces of the board-shaped ribs (41). As a

resul't, spbhtlhNGOf tAHN UMPCENAT loftarthi £8 @hidTi dptestidh e Préssure
| oss and | owers the noise. (3) Third Invention The third invention is

provi ded w t.h fr anged around the perineter of an air outlet
(2a) of aragéuga f?trgﬁ,e(gﬁgcflfgériher with a plurality of board-shaped ribs 11

(41, 41) extending radially fromthe vicinity of  the cen of the frane
(4a) outward it %%Bedi(r%)ct¥‘aﬂn8f3ttlﬁs 3ngpdL JMmiske £B4 (é";e{.ah PPE‘e )
connecting an air inlet end (41a) and an 5 air outlet end (41b) of a
boar d-shapétt rowtlet) end t (41b) of a board-shaped rib (41) in the
cross section perpendicular to a line (C;) formed by the
air outlet end (41b) of the board-shaped rib (41) is
inclined from the rotation axis (0-0’) by a predetermined
angle (Or) of installment in the direction of rotation of
10 the fan (6).
In addition, a point (P:) on the outer circumference
of the air outlet end (41b) of the board-shaped rib (41)
is positioned at a point rotated the direction of rotation
of the fan (6) from a straight line (B) connecting a point
15 (P,) on the inner circumference of the air outlet end
(41a) and the rotation axis (0-0').
In other words, the third invention comprises a frame
(4a) arranged around the perimeter of the air outlet (2a)
of the fan (6), and a plurality of board-shaped ribs (41,
20 41--) extending radially from the vicinity of the center
of the frame (4a) corresponding to the rotation axis (O-
0’) of the fan (6) outward in the direction of the radius
of the fan (6). In a cross section perpendicular to the
line (C,) formed by projecting the air outlet end (41b) of

25 each of the plurality of board-shaped ribs (41, 41l--) on a

12



cross section perpendicular to-a line (Cl) fornmed by the air outlet e
(41b) of the board-shaped rib (41) is inclined fromthe rotation axis
(0-0') by a predetermined angle (Or) of installnment in the direction
rotation of 10 the fan (6). In addition, a point (P2) on the outer

circunference of the air outlet end (41b) of the board-shaped rib (41
positioned at a point rotated the direction of rotation of the fan (6
from a stsarghcel ipergéidicabact itog theoimdtalbSiqiPlaxas t¢e-0hpeof the
circunference of the air outlet end (41a) and the rotation axis (0-0

other worggny tég) hhrdlimeqh)onc&cma&&ﬁa % f paat (¢Bl)argmngsd afpeind

the perineter of the air outi et (2a) of fhe fan (6) and a plurality

boar d- shapgdeti ind 41120 40 sxbendinofadpilbuligm sbepaidngela

center

frane corresponding I on axl's

fan (6) outward in the direction.of the radiu of , the (6 I n C
section pEtB&ndAdul A1) oari‘ﬁea PRLBE( EPF)s %yaHo?BEi?ﬁge%’ﬁ’e (’ﬂﬁ’b
end (41b) of 25 each of the plurality of board-shaped ribs (41, 41) on a 12
surfade péspdmdilcined fromh&heotretahiari axi® 009-6f)t k€ the C@P €6)ine

(A) connecting a point (PL) on the air inlet end (41a) of each of the

pluralityppf Hogprbeddedeflined angle ( 6 r) of installment in the

10

15

20

25

direction of rotation of the fan (6). In addition, the
point (P2) closest to the frame (4a) on the 1line (C;)
formed by projecting the air outlet end (41b) of each of
the plurality of board-shaped ribs (41, 41--) on a surface
perpendicular to the rotation axis (0-0’) of the fan (6)
is positioned at a point rotated the direction of rotation
of the fan (6) from the straight line (B) connecting a
point of intersection (0) of the rotation axis (0-0’) of
the fan (6) and the projection surface and the point (P;)
closest to the center portion.

As stated before, there is a case where the air
blowing unit is applied to the outer unit of an air-
conditioning system. In this case, the occurrence of a
short-circuit must be prevented as much as possible
because it decreases the air-conditioning performance.
The air taken in through the opening for air intake on the
back side of the casing passes through a heat exchanger
and then is blown off through the air outlet (2a) on the

front side of the fan (6). It is necessary to avoid a
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ribs (41, 41) and a point (PT) on the air outlet end (41b) 5 is inclined
fromthe rotation axis (0-01) of the fan (6) by a predeterm ned angle ( 19
r) of installnment in the direction of rotation of the fan (6). In
addition, the point (P2) closest to the franme (4a) on the line (d)

formed by projecting the air outlet end (41b) of each of 10 the plurality
of board-shaped ribs (41, 41... ) on a surface perpendicular to the

rotati on pletomendh) dhn thhifcin (fhe ilqasi tainedisat @ggpin nttdleént efint he
direction of rotation of the fan (6) fromthe straight line (B) connecting

a  point ehrbib® SRk YpdPing' fdie h9katiPaRi add- Qk)ggqletﬁ tge £ge (6)

and the projection surface and the point (PlI) closest he center

porti on. ﬁ% %t%t qlat}\e{]ol[e Ol-}&%@efs %h(éazﬁﬁ W§le é@ﬁe?é{:edlb% Ymﬁr}%‘ gﬁsfé t he

applied to i 1 an ar f- “con i"oni hg” sys
occurrence of a 20 s 4wt circuit st be reventﬁa as. much g ossible
because i {6 eéFEﬁEH%e hBP§trea8h R EhﬁndgﬂbrﬁB? ndd) HeRds; to AkoWin

t hrough the opening for air intake on the back side of the casing passes
t hr oudh aontwardxchangde dhgeckdan sob| dhe orafdiugr ovfh thee fan off) et
(2a) on the 25 front side of the fan (6). It is necessary to avoid a 13
phenonmenogonseghienit liyhe fifowotdiing sisgadoné akdn i s likely that the
current from the fan guard (4) adheres to the surface of
the front wall of the casing due to Coanda effect and
travels towards the heat exchanger on the rear side,
10 thereby causing a short circuit.

Therefore, the third invention comprises the plurality
of board-shaped ribs (41) extending radially outward in
the direction of the radius of the fan (6). The board-
shaped ribs (41) are so shaped that the 1line (A)

15 connecting an air inlet end (4la) and an air outlet end
(41b) is inclined from the rotation axis (0-0’), and that
the point (P2) on the outer circumference of the air
outlet end (41b) is positioned at a point rotated in the
direction of rotation of the fan (6) from the point (P;)

20 on the inner circumference.

Employing ribs shaped 1like this makes a force (Fr)
inward in the direction of the radius of the fan (6) due
to the board-shaped ribs (41) act on the current generated

by the fan (6). Consequently, the current from the fan

25 guard (4) 1is prevented from flowing outward in the

14



t hrough the opening for air intake and supplied to the heat exchanger.
However, the current generated by the fan (6) arranged upstreamof the f

‘an guard (4) tends to f low 5 outward in the direction of the radius of the

f an (6). Consequently, if nothing is done, it is likely that the current

fromthe f an guard (4) adheres to the surf ace of the front wall of the

casing due to Coanda effect and travels towards the heat exchanger on the

rear sidedirk@diltar ebf €hesiradinssheoft thier ar . (F)er wheeh, riddudds rghe
i nvention conprises the plurality of board-shaped ribs (41) extending

di al | | di ' sth | 6). Th
radially 8%%%1%&&% 461 Ca O5hEFE! 80 rBh it d eékfién’sfé %ﬂ%%gi‘g.( ) €

board- sha are so shaped that t connecting an
air inlet end (4la d an,air tle d 41b) is_inglined fromthe
rotation axis {59 )?ﬂﬁn&ﬁﬁﬁu(£¥%e° o%ﬁ? ( r%wﬁ?ﬂgn ﬁ?@r%ﬁ%wé%ﬁ@?gnce
of the air  _outlet end (41b) is positioned at a point rotated in the

di r ect i onldker heandsy ckhengurzgntegeneinatadt by ke fap) (6o sweeRR1Y nner
ci rcunference. Enploying ribs shaped like this nakes a force (Fr) inward

i n thed di fediliosts dfhe hsurfdces off tthkef hoagd)y-shaped oribe 1§4d)d- siiped ri bs
(41) act on the current generated by the f an (6) . Consequently, the
current fregullis fspl At tugrdf( éurirenty exsnirsl 1ess) f whdichg ellimbigtés t he

the pressure loss and lowers the noise.

(4) Fourth Invention

10 The fourth invention is provided with a frame (4a)
arranged around the perimeter of an air outlet (2a) of a
fan (6), and further with a plurality of board-shaped ribs
(41, 41-+) extending radially from the vicinity of the
center of the frame (4a) outward in the direction of the

15 radius of the fan (6). The fourth invention is further
provided with a plurality of nearly cylindrical ribs (42,
42 -+) which are integrated with the plurality of board-
shaped ribs (41, 41--) and arranged concentrically around
the rotation axis (0-0’) of the fan (6) at predetermined

20 intervals in the direction of the radius of the fan (6).

A line (A) connecting an air inlet end (4la) and an
air outlet end (41b) of a board-shaped rib (41) in the
cross section perpendicular to a line (C,) formed by the
air outlet end (41b) of the board-shaped rib (41) is

25 inclined from the rotation axis (0-0’') by a predetermined

15



14 direction of the radius of the fan (6), which reduces the occurrence of
a short circuit as much as possible. Since the ribs (41) of the third
“invention are shaped |ike boards, the current generated by the fan (6)
smoothly 5 follows the surfaces of the board-shaped ribs (41). As a
result, splitting of current occurs |less, which elimnates the pressure
loss and | owers the noise. (4) Fourth Invention 10 The fourth invention is

provi ded Win}r;l'lea (O E dfainsPal #RERE AMOUWKL tdEroetisRt 8 Yottt Add &Ht! et
(2a) of a fan (6), and further with a plurality of board-shaped ribs (41,

41) exten@h@ﬁf%(ﬁ(g y fromthe vicinity of the center of the frame (4a)
outward in the direction of the 15 radius of the fan (6). The fourth
invention is furth

(a2 42"y wnith dRELERERyr ot cBOREn (B P HAS o BFeRo S PR P
(41, 41) and arranged concentrically around the rotation axis (0-0') of
the fan (8f d&theradst outladd endi (ddb)al of | fhenhdeprdeshapeds rife ¢4H) us of
the fan (6). Aline (A connecting an air inlet end (41la) and an air
out | eth ends(4pbyitfioaedoantl- shappolintb fdttated the thessdieectbon of
perpendicular to a line (Cl) fornmed by the air outlet end (41b) of the
boar d- shapedatiilbn( 410f i Sthe fan (6) from a straight 1line (B)
connecting a point (P;) on the inner circumference of the
air outlet end (4la) and the rotation axis (0-0').
In other words, the fourth invention comprises a frame
10 (4a) arranged around the perimeter of the air outlet (2a)
of the fan (6), a plurality of board-shaped ribs (41, 41
=) extending radially from the vicinity of the center of
the frame (4a) corresponding to the rotation axis (0-0’)
of the fan (6) outward in the direction of the radius of
15 the fan (6), and a plurality of nearly cylindrical ribs
(42, 42 -+ ) which are integrated with the plurality of
board-shaped ribs (41, 41--) and arranged concentrically
around the rotation axis (0-0’) of the fan (6) at
predetermined intervals in the direction of the radius of
20 the fan (6). In a cross section perpendicular to the line
(C,) formed by projecting the air outlet end (41b) of each
of the plurality of board-shaped ribs (41, 41--) on a
surface perpendicular to the rotation axis (0-0’) of the
fan (6), a line (A) connecting a point (PL) on the air

25 inlet end (4la) of each of the plurality of board-shaped

16



25 inclined fromthe rotation axis (0-0) by a predetermned 15 angle (O r)
of installnment in the direction of rotation of the fan (6). In addition,

"point (P2) on the outer circunference

of the air outlet end (41b) of the

board-shaped rib (41) 5 is positioned at a point rotated in the direction
of rotation of the fan (6) froma straight line (B) connecting a poin
(Pi) on the inner circunference of the air outlet end (41la) and the

rotation axbs (@19 )41) mared her pabnds (Pahe dmourlid abreottdetcenyt i GEFbR
frame 10 (4a) arranged around the perineter of the air outlet (2a)

25 PliyAl iiﬁéf’d of rBRaRGes hapest LhhS abdibs  ¢8-o0) yexendhad raadi @é Lg

fan (6),

fromthe vicinity of the center of the frame (4a) corresponding to t
tati [ 0-0' f the. f t i n_t h ' ti f ot d
of 15 tnebard (GredeteImEpeta TReLee hArFy i LA IRERE tnn hhy ' S

whi ch are integnated with the plurality of board-shaped ribsﬁé41, 41

arranged @5KEE

dpnc T yrofaddon tAE e f8R H8 )% (0l® )addrt

t

and

Ny arfR%) at

predeterm ned intervals in the direction of the radius of 20 the fan (6).
In a & ospoiwtti OPz)peciosdisdul &0 tbheheframe (43) Y nEdebylpnej e€€ing.

the air outlet end (41b) of each

(41, 41) pormed by projecting the air outlet end (41b) of each of

10

15

20

25

the plurality of board-shaped ribs (41, 41-*) on a surface
perpendicular to the rotation axis (0-0’) of the fan (6)
is positioned at a point rotated in the direction of
rotation of the fan (6) from the straight 1line (B)
connecting a point of intersection (0) of the rotation
axis (0-0’) of the fan (6) and the projection surface and
the point (P,;) closest to the center portion.

As stated before, there is a case where the air
blowing unit is applied to the outer unit of an air-
conditioning system. In this case, the occurrence of a
short-circuit must be prevented as much as possible
because it decreases the air-conditioning performance.
The air taken in through the opening for air intake on the
back side of the casing passes through a heat exchanger
and then is blown off through the air outlet (2a) on the
front side of the fan (6). It is necessary to avoid a
phenomenon in which the flown air is again taken in
through the opening for air intake and supplied to the

heat exchanger. However, the current generated by the fan

17

of the plurality of board-shaped ribs

a

of the



surface perpendicular to the rotation axis (0-0'") of the fan (6), a line
(A) connecting a point (PL) on the air 25 inlet end (4la) of each of the
plurality of board-shaped 16 ribs (41, 41) and a point (PT) on the air
outlet end (41b) is inclined fromthe rotation axis (0-01) of the fan (6)
by a predetermned angle ( O r) of installnment in the direction of
rotation of the fan (6). In addition, the 5 point (P2) closest to the frane
(4a) on tig6)l iaxxdrgdd upstmredmbyoprohectfary ghardi r(4guttendendo 4w of
each of the plurality of board-shaped ribs (41, 41... ) on a surface

per pendi cghgald tHe rHeAt §19Ped%idn( OoP L £REihEN 4P) tHe fsﬂ g{ﬂed at

a point rotated in the direction of 10 rotation of the fan (6 he

strai ght Lj ect in | nt .of intersection Q) of t rotation
axis (0- o%p‘gf*ggﬁé‘%ﬁ% (%# heting' p%gj e%‘?‘ig%h %&rf’a%eléw)#‘@qiﬁ hgﬁBBi n"rah? Pi )
closest to the center portigon. As stated before, there is a case where the
air 15 bFBWFREtudinOm sthgpifiagy 9vatrfe (At Adheres otoarthe r suEaga iohi ng
system In this case, the occurrence of a short-circuit nust be prevented
as nudh athposEronte widdausd i thderasieg tdwe akp- copandaorefiteper fandrance.

travels towards the heat exchanger on the rear side,
thereby causing a short circuit.
Therefore, the fourth invention comprises the
plurality of board-shaped ribs (41) extending radially
10 outward in tﬁe direction of the radius of the fan (6).
The board-shaped ribs (41) are so shaped that the line (A)
connecting the air inlet end (4la) and the air outlet end
(41b) is inclined from the rotation axis (0-0’), and that
the point (Pz) on the outer circumference of the air
15 outlet end (41b) is positioned at a point rotated in the
direction of rotation of the fan (6) ffom the point (P;)
on the inner circumference.
Employing the ribs shaped like this makes a force (Fr)
inward in the direction of the fadius of the fan (6) due
20 to the board-shaped ribs (41) act on the current generated
by the fan (6). Consequently, the current from the fan
guard (4) 1is prevented from flowing outward in the
direction of the radius of the fan (6), which reduces the
occurrence of a short circuit as much as possible.

25 The fourth invention further comprises a plurality of

18



The air taken in through the opening for air intake on the 20 back side of
the casi ng passes through a heat exchanger and then is blown of f through
‘the air outlet (2a) on the front side of the fan (6). It is necessary to
avoid a phenonenon in which the flown air is again taken in through the
opening for air intake and supplied to the 25 heat exchanger. However, the
current generated by the fan 17 (6) arranged upstream of the fan guard (4)
tends to hleawlyowytainiiicdherdbseqai2on wifidihearaditisegiratied fwaiti 6ihe
Consequently, if nothing is done, it is |likely that the current fromthe

fan guar dp6d)adieliRs tPibBe (@4 a8kd Oh B aded rehc¥Rtieh1hle caphpg due

to Coanda effect and travels towards the heat exchanger on the rear side,
the ot ur BEEY St aipbe B, ot GaRE St o Al (gtd LR TOOOE KRS T
the direction of the radius of the fan (6). The_ board-shaped ribs (41) are
so shapedrgdaus; nef| ithe (Apn c6Bledr®nFaerged fiaawanty ALy tandthBe air
outlet end (41b) is inclined fromthe rotation axis (0-0"), and that the
poi nt § P2effecthebthe mneéarlyf eydindrdfcalher vs (42pucbatredd ingbyhes
positioned at a point rotated in the direction of rotation of the fan (6)
fromthe gérect(ildh of the current. This prevents the occurrence of
a short circuit further effectively.
As stated above, the current generated by the fan (6)
and flowing into the fan guard (4) becomes spinning
10 currents having a speed component in the direction of
rotation of the fan (6). As a result, if the direction of
the current generated by the fan (6) does not agree with
the angle at which the board-shaped ribs (41) are
instailed, the current is split and noise'occurs.
15 Therefore, in the fourth invention, the 1line (A)
connecting the air inlet end (4la) and the air outlet end
(41b) is inclined from the rotation axis (0-0’) 1in the
direction of rotation of the fan (6). As a result, the
direcfion of the current from the fan (6) agrees with the
20 angle at which the board-shaped ribs (41) are installed,
which can reduce the splitting of the current as much as
possible, thereby further lowering the noise.
Consequently, the plurality of board-shaped ribs (41)

and the plurality of nearly cylindrical ribs (42) become

25 approximately symmetrical with respect to the rotation

19



on the inner circunference. Enploying the ribs shaped |like this makes a
force (Fr) inward in the direction of the radius of the fan (6) due 20 to
‘the board-shaped ribs (41) act on the current generated by the fan (6).
Consequently, the current fromthe fan guard (4) is prevented from fl ow ng
outward in the direction of the radius of the fan (6), which reduces the
occurrence of a short circuit as nuch as possible. 25 The fourth invention

further campki S@s-ox p) urehisysetutButeadan aybredefcabtived y 4sthieb are
integrated with the board-shaped ribs (41) and arranged concentrically.

This  Stryctyre JEkes1 b88 . WarhA 1GYld ePtomNat Rfudidmet ko 96 ibhe duryeadws of

the fan (6) "be converged forward due to the 5 effect of the nearl

cylindric rifas. (42) controlling the jrectiqn qf the rrend . Thi

prevents ?h&(éiﬁﬁQEéﬁﬂf%ﬁ og éﬁété%f?%%%?nfﬁttégee$?ﬁggpéegfoﬂ¥5§?ated
above, the current generated hy the fan £6) and, fl ow ng.into_the fan guard
(4) beconé@nsdi6niarRd thecandd@ athwhigha tiSedtiROnPpEReANSER 1R i PECt i On

of rotation of the fan (6). As a result, if the direction of the current
gener & ednbyjsehaesalf(ig)g dixeem nbheageeurmenice df woxgtexas.which t he
board-shaped ribs (41) are installed, the current is split and noise
occurs. Since the ribs (41) of the fourth invention are shaped
like boards, the current generated by the fan (6) smoothly
follows the surfaces of the board-shaped ribs (41). As a

result, splitting of current occurs less, which eliminates

10 the pressure loss and lowers the noise.

(5) Fifth Invention

According to the fifth invention, in any of the first

to fourth inventions, the inner dimension ( ¥ ;) of the

15 frame (4a) is designed to be larger than the inner
diameter (¥.) of the edge of the air outlet (2a) upstream

of the fan guard (4).
Wwhen the inner dimension (¥ ;) of the frame (4a) is

larger than the inner diameter (¥,) of the edge of the air

20 outlet (2a) upstream of the fan guard (4), it becomes
possible to prevent the current generated by the fan (6)
from causing interference with the frame (4a). This
structure further improves the effect of reducing noise in
any of the first to fourth inventions.

25
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15 Therefore, in the fourth invention, the line (A) connecting the air
inlet end (41la) and the air outlet end (41b) is inclined fromthe rotation
‘axis (0-01) inthe direction of rotation of the fan (6). As a result, the
direction of the current fromthe fan (6) agrees with the 20 angle at which
the board-shaped ribs (41) are installed, which can reduce the splitting
of the current as nuch as possible, thereby further | owering the noise.

Consequentey, stibamlinwentyoef board-shaped ribs (41) and the plurality of
nearly cylindrical ribs (42) becone 25 approximtely symetrical with

respect to thedoiAiing 18 e 5Oh) intBnt idh UG SnsaBsMiife ef{esti vely
Y

restrict a pressure f@ss resulting froma current coll1sion due to the
angi e a B cRoRRER: | baFEPEIPRS, i FBa” LHES (AT EPEmslTRY TS ER AEF
occurrence of vortexes. Since the ribs %gl) of the fourth invention are

shaped | PRE1gSarend (4tbyupfemaibrefatbs hpandrshared)riksot(dl) 811 ows
the surfaces of the board-shaped ribs (41). As a result, splitting of

currerd oacuwrveeswhevki dhesl angbat gs6 &0) t Whiphesshe ellines (@g |fowms t he
noi se. (5) Fifth Invention According to the fifth invention, in any of the
first with the direction tangent to the nearly cylindrical ribs
(42) grows from inside to outside in the direction of the
radius of the fan (6).
In other words, according to the sixth invention, in
10 any of the first to fourth inventions, the 1line (C,)
formed by projecting the air outlet end (41b) of each of
the plurality of board-shaped ribs (41, 41-°) is a curve
where the angles (8 a, O a--) which the line (C,) forms
with the direction tangent to the plurality of nearly
15 cylindrical ribs (42) grow from inside to outside in the
direction of the radius of the fan (6).
This structure can prevent the force (Fr) (Refer to
Figure 6), which acts inwardly in the direction of the
radius of the fan (6) from the board-shaped ribs (41),
20 from becoming larger than necessary against the current
from the fan (6), so as to increase the current resistance
on the tip sides of the blades (6b, 6b-*) of the fan (6)
which have a relatively large speed component in the axial
direction.

25
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to fourth inventions, the inner dinmension ( 0 1) of the 15 frane (4a) is
designed to be larger than the inner diameter (02) of the edge of the air
outlet (2a) upstream of the fan guard (4). Wen the inner dinmension (sb 1)
of the frame (4a) is Ilarger than the inner diameter (ib2) of the edge of
the air 20 outlet (2a) upstreamof the fan guard (4), it beconmes possible
to prevent the current generated by the fan (6) from causing interference
with the {ransegéaxrh Thnwentsiomcture further inproves the effect of
reducing noise in any of the first to fourth inventions. 25 20 (6) Sixth

I nvention Accgy, di!cfﬂliﬁ%th@os'ﬁﬁé | Qu@BhtAN. ihVealYodf, tha fithd didkdpurth
I nventions, the line (TCl) formed by the air outlet end (41b) of each of

the b d-sh d b wh

e (0 ) TRBRRELohi e npPec COF Y g eNbLED he BaFre-Ehabel 12%4“ bs
(42) grows fron1|nsLde t? gOSJde in.the dlrecﬁlpn of t he ﬁaflus of

fan (6). (A1)t e wbRataliedorts ndepdaprd 5%t R ARREPHHMAFRLY 16

the first to fourth inventions, the line (C) formed by projecting the air
out | ets entlo( 4h® ahgkack @fi) at which air is generated by the fan

(6) in the diametrical position (Rcmax) where the speed
component (CZ) of the current from the fan (6) in the
axial direction 1is the largest and 1is approximately
uniform in the direction of the radius of the fan (6).

10 In other words, according to the seventh invention, in
the sixth invention, the angle (@ r) at which the board-
shaped ribs (41) are installed is designed to be
approximately equal to the angle (0i) of the current just
generated by the blades of the fan (6) in the diametrical

15 position (Rcmax) where the speed component (CZ) of the
current from the blades of the fan (6) in the axial
direction is the largest and is approximately uniform in
the direction of the radius of the fan (6).

In the third, fourth, fifth, or sixth invention, the

20 speed component of the current just generated by the fan
(6) in the axial direction is lowered by a predetermined
degree before it flows into the fan guard (4). Oon the
other hand, due to law of conservation of angular momentum,
the speed component of the current from the fan (6) in the

25 circumferential direction is maintained at the opening of
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the plurality of board-shaped ribs (41, 41) is a curve where the angles (
ea, ea .") which the line (Cl1) fornms wth the direction tangent to the
plurality of nearly 15 cylindrical ribs (42) grow frominside to outside in
the direction of the radius of the fan (6). This structure can prevent the
force (Fr) (Refer to Figure 6), which acts inwardly in the direction of
the radius of the fan (6) fromthe board-shaped ribs (41), 20 from

becomi ng taege«ari hqwlaPEC{BYar Y G éGliehbtypurhentandIonyta)f defbdenso as
to increase the current resistance on the tip sides of the blades (6b, 6b

) of the {g@ (Qha&h' e&r@é%qo% randf | e/ | 8RR SRHET {CHROREN L N LR

axial direction. Seventh I nvention According to the seventh

(7)
t th t t
boar d- shaB¥A2A ef‘ﬂ(&}ﬁ{h%réf‘?ﬁst% A7 SRELE ey it é%?otxt.% i equa
5 to the angle ( é) at which air is generated by the fan é
di amet ri cARIREsi(td &0 CRciRE ciant hlu§5e38neé'éﬁﬁ§n&¥t the)tan (ﬁé current

fromthe fan (6) in the axial directionis the largest and is
appr 056 mat el y Inuniafdairhiion t h&hei r sngilen ¢f Ot A9 radi ushef aumrrénh (st

generated by the fan (6) tends to increase as it gets
closer to the hub (6a) than in the diametrical position
(Rcmax) where speed component (CZ) of the current from the
fan (6) in the axial direction is the largest.
10 cConsequently, it is pretty difficult to design the angle
(O r) of installment in a manner to make the angles (81i)
and (On) equal to each other.
Therefore, in the seventh invention, the angle (0 a)
between the line (C,) formed by the air outlet end (41b)
15 of each of the board-shaped ribs (41) and the direction
tangent to the nearly cylindrical ribs (42) is increased
outward in the direction of the radius of the fan (6).
Furthermore, the angle ( @ r) at which the board-shaped
ribs (41) are installed 1is designed to be approximately
20 equal to the angle (0 i) of air flowing from the fan (6)
in the position (Rcmax) where the speed component (CZ) of
the current from the fan (6) in the axial direction is the
largest.
As a result, the substantial angle ( 6@ rs) of

25 installing the ribs with respect to the current from the

23



10 I n other words, according to the seventh invention, in the sixth
I nvention, the angle ( O) at which the board- shaped ribs (41) are

current |

.posi tion

ust generated by the blades of the fan (6) in the dianetrical

(Rcmax) where the speed conmponent (CZ) of the «current fromthe

bl ades of the fan (6) in the axial direction is the largest and is

appr oxi magahy (6 f eam ive des idjnerrt ton apprdweinatels Gfgride wagh(6hel n

‘installed is designed to be approximately equal to the angle (0 i) of the

15

the third, fourth, fifth,, or sixth invention,, the 20 speed conponent of

o bt LB BB 810 B AR PRI LR )

| oner ed by

pr edget m ne ows I nto t an guar

On the other. _hand, due to |aw of.conservation of g r nmomentum the
speed con%8ﬂgﬁp o%°tﬁ&§nﬁ1%¥&“$rbﬂ1Phghﬁaﬁafbﬁﬂﬁfﬂﬁﬁags ci rcunferential
direction is naintained at the opening of 22 the fan guard (4).

Consequent | y, Ehethakl eageen)imecthRefeventhadinyentier i Sheasdale (0
direction tangent to the current flowing into the fan guard (4) is |larger

t han the rangite ¢vbich dfhe hboamd-shagedt rgbserédk) loye hinstaldeyd. Bsin
the angle ( 9 i) of the current just generated by the fan (6)

addi ti on,
tends to

di anetrica

10

15

20

25

thtﬁ&iﬁa&%liyt gRisorm ober the tdiréobibha)of hahd nradtus of
posi tion
the fan (6). Consequently, the above-mentioned
substantial angle (60 rs) of installment becomes larger on
the hub (6a) side than in the diametrical position (Rcmax)
where the speed component (CZ) of the current from the fan
(6) in the axial direction is largest, so that it agrees
with air actually flowing into the fan guard (4).
Therefore, in the seventh invention, the effect of
reducing noise can be obtained only by controlling the
angle ( @ i) of the current in the diametrical position
(Rcmax) where the speed component (CZ) of the current from
the fan (6) in the axial direction is largest. Thus, only
controlling the angle ( @ i) makes it possible that the
substantial angle (0 rs) of installment in all positions
in the direction of the radius of the fan (6) agrees with
the air current, without complicated setting of the angle
(O r) at which the board-shaped ribs (41) are installed in
the direction of the radius of the fan (6). As a result,

the effect of reducing noise can be obtained by means of a
simpler design.
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(Rcmax) where speed conponent (CZ) of the current fromthe fan (6) in
rection is the largest. 10 Consequently, it is pretty difficult to
he angle (0 r) of installnment in a manner to nake the angles (0 i)

.axial di
design t
and (en)

equal to each other. Therefore, in the seventh invention, the

.angle ( ea) between the line (Cl) formed by the air outlet end (41b)
of each of the board-shaped ribs (41) and the direction tangent to the
nearly cylindrical ribs (42) is increased outward in the direction of
radius of the fan (6). Furthernore, the angle ( 0 r) at which the

a il stalled is designed to be approximately 20
?ﬁz g@léth( ﬁér)v?dﬁféﬂ

boar d- sh
equal to

(Rcmax) where

(o ere £l o9 FES R BRET B e Sver ] f?“riﬁngn&%{% e £l ﬁk 0

rs) of
(6) can
axi al di

25 installing the ribs mnth respect to the ro the
bEOdSGHHY LOVERbLORPm (1S BUREEr (@) RE BREI Lo T

rection and the direction tangent to air flownn into the fan

t he

15

t he

air flowng fromthe fan (6) 1in the p05|t|on

f an
n the

guard § 4) riba t(&k) cand, tihet humbeven¢Fb) noénttihm, bﬂhdeéng(ﬁzbleofS theat

which th

10

15

20

25

e board-shaped ribs (41) are installed is
fan (6) are relatively prime, and when the midpoint

position of the curve (C,) formed by the air outlet end
(41b) of each of the board-shaped ribs (41]) and the
midpoint position of the curve (C;) formed by the rear
edge of each of the blades (6b) of the fan (6) coincide
with each other with respect to a surface perpendicular to
the rotation éxis (0-0’), these curves (C;,, C;) are
designed to cross each other.

In other words, according to the eighth invention, in
any of the first to seventh inventions, the number (2r) of
the board-shaped ribs (41) and the number (2b) of the
blades (6b) of the fan (6) are relatively prime, and when
the curve (C;) formed by projecting the rear edge of each
of the blades (6b, 6b°*) of the fan (6) is rotated in such
a manner as to make the midpoint position of the curve
(C:) agree with the midpoint position of the curve (C;)
formed by projecting the air outlet end (41b) of each of
the board-shaped ribs (41,41-+) on a surface perpendicular
to the rotation axis (0-0’) of the fan (6), these curves

(C:, C2) are designed to cross each other.
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approximately uniformin the direction of the radius of the fan (6)_
_Consequent |y, the above-nentioned substantial angle (ers) of installnent
beconmes larger on the hub (6a) side than in the dianmetrical position
(Rcmax) 10 where the speed conponent (CZ) of the current fromthe fan (6)
An the axial direction is largest, so that it agrees wth air actually
flowwng into the fan guard (4). Therefore, in the seventh invention, the

effect of reduciqenéeasp cae keuahimt ngdsongenkeratent riy| the tfam (6) angl e
e i) of the current in the dianmetrical position (Rcnax) where the speed

conmponent t]‘é%}‘go];ﬁ toGed" rcgﬂfg} ng the tfrﬁan éﬁfeb@ﬂ)'ﬁe ¥ pbtLiBRt IPH 1S

| ar gest. cont e angle makes 1t possible that

h b I |1 II
e suboL g ol oo i)l gl Lot SSRL O0F 20 e

wi t hout conpllcated settlng of the angle, ( er) at which the board shaped
ribs (41)rggéopnsdenelaped OPheﬂBﬁrééﬂ%HV@f pRessugrusWifagR efathe). As
a result, the effect of reducing noise can be obtained by neans of a 25
si npl & dbiagﬁs 146b)8) Eqgtaeqguenkehyi obhareoadiengrabnt AtrepghPleuthans i on,
in any of the first to fourth inventions, the nunber (Zr) of the
boar d- shapa#ting a current with high velocity among the blades (6b)
and rear stream portions having a current with low
velocity in the vicinity of each blade (6b). When seen
from the plurality of board-shaped ribs (41, 41-°*) side
10 while they are in a stationary state, the main stream
portions and the rear stream portions of different
velocities pass through the air inlet ends alternately.
As a result, the surfaces of the board-shaped ribs (41)
have a pressure fluctuation whose main component is a
15 frequency corresponding to the product of the number of
revolutions N of the fan (6) and the number (Zb) of the
blades (6b), which causes so-called NZ noise.
However, in the eighth invention, the number (2Zr) of
the plurality of board-shaped ribs (41, 41--) and the
20 number (2zb) of the blades (6b, 6b - ) are made to be
relatively prime, thereby making it possible to shift in
time the interference between the rear streams of the
blades (6b) and the plurality of board-shaped ribs (41, 41

= ) arranged in the direction of the perimeter. As a

25 result, the NZ noises have different phases in the
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5 ribs (41) and the nunber (Zb) of the blades (6b) of the fan (6) are
relatively prine, and when the m dpoint position of the curve (C) forned
by the air outlet end (41b) of each of the board-shaped ribs (41) and the
m dpoi nt position of the curve (C2) formed by the rear 10 edge of each of
.the blades (6b) of the f an (6) coincide wth each other with respect to a
surface perpendicular to the rotation axis (0-01), these curves (Cll1 C2)
are designedctaon @S taaehrad hes . ofnthiechefanw(éls, witichdinageso tthee NZ ght h
invention, in 15 any of the first to seventh inventions, the nunmber (Zr)

of . the bags deshaperss DBkl Lodsk | heonubeto  Zeluple (i Moisddin of

the fan ( are relatively prine, and when the curve (C2) forned by
projecting tgﬁ rﬁ%r edge of each of the blades (6b, 6b ... ) of the fan
(6) isro gt & N i ‘a manner as to make the m dpoint position of the
curve (C2) ag;ee with the mdpoint position of the curve (d formed by
proj ecting t h®mj thsut p&hegnghandn) WheBackhgs CpREepobfFHl s ¢
(41,41... ) on a surface perpendicular to the rotation axis (0-01) of the
fan (&), phejectingedhexqay]ledqr)ofr eagdsiafncthe dblades £abn &thethe 25 |n
general, the current just generated by the f an (6) having a speed
conponent fan t(69) disecbtaned sotasi o ofoincide with the curve (C,)

formed by projecting the air outlet end (41b) of each of
the board-shaped ribs (41) on a surface perpendicular to
the rotation axis (0-0’) of the fan (6), the NZ noises
10 increase remarkably. In this case, the rear streams of
the current from the fan (6) pass through the board-shaped
ribs (41) in the direction of the radius of the fan (6).
This remarkably increases the NZ noises resulting from the
interference between the rear streams from the blades (6b)
15 and the board-shaped ribs (41).

Therefore, in the eighth invention, when the midpoint
position of the curve (C;) of the air outlet end (41b) of
each of the board-shaped ribs (41) agrees with the
midpoint position of the curve (C;) of the rear edge of

20 each of the blades (6b) of the fan (6) with respect to a
surface perpendicular to the rotation axis (0-0’) of the
fan (6), these curves (C, C;) are designed to cross each
other. This structure can shift in time the interference
between the rear streams of the blades (6b) and the

25 plurality of board-shaped ribs (41). As a result, the NZ
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the fan is influenced by a boundary | ayer or a split region devel oped on
the negative pressure surf ace of the 5 blades (6b). Consequently, there
are main streamportions having a current with high velocity anong the
bl ades (6b) and rear stream portions having a current with low velocity
in the vicinity of each blade (6b). When seen fromthe plurality of

boar d-shaped ribs (41, 41 ... ) side 10 while they are in a stationary

state,, theiBesn shveamdiffeiricpns phhsdie rienr tHe ealmmrtioms of diéerent
vel ocities pass through the air inlet ends alternately. As a result, the

surfaces phallie hoprdpshapsdl (ehs (Aliconhauked PERSS Wi fbusLyatjqy abose

mai N conponent is a reque cy ‘corresponding to the product of the nunber
of revol utipgns of the f an (6 t he nber Z t h b 6b) ,
whi ch cau?@gg Ffed 12 5 séx) HS\ﬁg\%: @ﬁ t he® él g%ﬁ?ﬁ |nv§ﬁt|% t é
nunber (Zr) _of the plurality of board- shaped ribs (42, 41 ... ) and the 20
nunber (ZBP18FSthe bl ades (6b, 6b ... ) are made to be relatively prineg,,
thereby making it possible to shift in tine the interference between the
rear $treans dfhushe adteu@ingoby she eighiihurimventpdnposhe- flaapanards
(41, 41 ... ) arranged in the direction of the perineter. As a 25 result,
the NZ noiags caavepeli faether miagared) wheéle2faintaining the effects

of reducing noise and preventing the occurrence of a short

circuit in any of the first to seventh inventions.

10 (9) Ninth Invention
According to the ninth invention, in any of the first
to eighth inventions, the air inlet ends (4l1la, 42a) of the
board-shaped ribs (41) or the nearly cylindrical ribs (42)
are designed to be approximately arc in cross section.

15 In general, the current dgenerated by the fan (6)
fluctuates over time, so that the angle at which air flows
into the board-shaped ribs (41) or the nearly cylindrical
ribs (42) of the fan guard (4) also fluctuates over time.

Therefore, in the ninth invention, the ribs (41, 42)

20 are designed to be approximately arc in cross section so
that the pressure fluctuation on the rib surfaces can be
reduced effectively even if the angle of air flowing into
the board-shaped ribs (41) or the nearly cylindrical ribs
(42) fluctuates.

25 Consequently, the structure of the ninth invention
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direction of the radius of the fan (6), which nmakes the NZ noises weaken
.each other, so as to reduce the occurrence of the NZ noises. On the other
hand, when the curve (C2) fornmed by 5 projecting the rear edge of each of
the bl ades (6b) of the fan (6) is rotated so as to coincide with the curve
(d) forned by projecting the air outlet end (41b) of each of the

boar d-shaped ribs (41) on a surface perpendicular to the rotation axis
(0-0") of fultehlean {@provee Nheoeg€ectO ofcrealirimyranbabey.in nanfyi sogase,
the rear streans of the current fromthe fan (6) pass through the

board-shagEg fillat eidhiheifveREibas .Of the radius of the fan (6).

This remarkably increases the NZ noises resulting fromthe interference
between the rear_streans fr t he bl ade 6h 15 and the board-shaped ribs
(41). Ther ef of‘g‘fr"rﬁheffﬂ%rﬁrgﬁg]ﬁ AR oh, g\bﬁ)erflt%we“}ﬁ db%ugﬁt %‘Sos]?‘??‘g‘ﬁ‘of
the curve éCI) of the air outlet end (41b) of _each, of _the board-shaped
ribs (41)sbapress Giks t(3d) nPBEpdihe pBardvoFBiingeicalvd kD) (82) Hefrear
edge of 20 each of the blades (6b) of the fan (6) with respect to a
surf ade pthperfdircujwardo(dhe flaciiatresixgsefdly' pver tthimef aa (1) ,getese
curves (Cl, C2) are designed to cross each other. This structure can shift
in time tbtosereticrtiiecredet @#dtgast b€ iy Inlladess(6b) t b€ khadear 60§) and
t he

Thus, in the present invention, the fan guard (4) can be

designed to be thinner.

10 (10) Tenth Invention

According to the tenth invention, in any of the first
to ninth inventions, the thickness (T;) of the air outlet
ends (41b, 42b) of the board-shaped ribs (41) or the
nearly cylindrical ribs (42) is designed to be smaller

15 than the maximum thickness (T:).

Thus forming the cross sectional profiles of the
board-shaped ribs (41) or the nearly cylindrical ribs (42)
facilitates the mixing of current on the surfaces of the
ribs (41, 42) which occurs immediately after the board-

20 shaped ribs (41) or the nearly cylindrical ribs (42),
thereby making it harder to develop vortexes behind the
ribs (41, 42). As a result, the effects in any of the
first to ninth inventions can be fully exerted even when
it is necessary to increase the thickness of the ribs (41,

25 42) in order to provide enough strength.
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25 plurality of board-shaped ribs (41). As a result, the NZ 27 noises have

different phases in the direction of the radius of the fan (6), which

makes the NZ noi ses weaken each other, so as to reduce the occurrence of
the NZ noises. 5 Thus, according to the eighth invention, the fan guard

.(4) can be further thinned, while maintaining the effects of reducing

noi se and preventing the occurrence of a short <circuit in any of the first

to sevent jlinventevarsth 1On¢énthbat h [ nvention. According to the ninth
invention, in any of the first to eighth inventions, the air inlet ends

(4la, 42a) of A&@or&ﬁ%d-ﬁma%@_ répavesith ofndbRD8RY! Vigyldmdr beal ¢ hébs

(42) are designed to be approximately arc 1n cross section. 15 I'n general,
t he current, ner,at e he, é fluctuates, over tine, so Jf? t he
angl e at \%ﬁir%ﬁ: ait% f Ic%%tﬁi n%égfgﬁlg‘ 6’5’r’d-sa}1apse%a+?‘ﬁg (R}%‘%& t(ﬁfe eaH;y
cylindrical ribs (42) of the fan guard (%) al so fluctuates over, tine.

Ther ef or ePTPY1ded tht WhenFemtedn, of nkhe Exrame; (4®) coprgspoaddnghetPto be
approximately arc in cross section so that the pressure fluctuation on the
rib sbfatbe cataidon edticed(@f0e)t ofeltheefam if6)Xhe angle of air flow ng
into the board-shaped ribs (41) or the nearly cylindrical ribs

In general, in the distribution of current in the
direction of the radius of the fan (6) inside the hub (6a),
there is a reverse current which goes from the downstream
side of the fan (6) towards the hub (6a) side. The

10 reverse current interferes with the current flowing in the
intended direction, thereby causing an issue of noise.

In the eleventh invention, a sealing plate (43) is
provided at the center of the fan guard (4) and is made to
correspond to the rotation axis (0-0’) of the fan (6).

15 The sealing plate (43) covering the center of the fan
guard (4) restricts the interference between the current

flowing towards the air outlet and the reverse current,

thereby further reducing the noises.

20 (12) Twelfth Invention
According to the twelfth invention, in any of the
first to eleventh invention, the frame (4a) is designed to
be approximately rectangular.
The current from the fan (6) varies in velocity among

25 different positions in the direction of the radius of the
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(42) fluctuates. 25 Consequently, the structure of the ninth invention 28
Jfurther inproves the effect of reducing noise in any of the first to

ei ghth inventions. Furthernore, the angle of air flowing into the board-
shaped ribs (41) or the nearly cylindrical ribs (42) of 5 the fan guard
.(4) fluctuates greatly over tine as it gets closer to the rear edges of the
bl ades (6b) of the fan (6). Thus, in the present invention, the fan guard
(4) can bgandegs pnedasoskatel raere,lothéO)aﬁerﬁ]rban@nfrem Ateorshhibert o
the tenth invention, in any of the first to nrnth |nvent|ons t he

thi Ck”essﬁ&%)m ﬁtgf e WA SLs %’fdstﬁéllf’an42 knhhte QPé‘rQ ? fier' bs

(41) or t nearly cylrndrrca ribs 42) |s de |gne to be snal

t han t he xrnuntthr T the ross, s t i,onal rofrles
of the bSAPEE Sthaped PP F z)‘gfb’r Fﬁ 9?. od; s “bipge 64}530
facilitates the m xi.ng of current on the surfaces of the ribs (41, 42)

whi ch occl}#ghierﬁmHP&PéHlﬁYaf than hEheoa FYTEENSh A FEOM | kRe 4E1iPSr  heTh@ar |y
cylindrical ribs (42), thereby nmaking it harder to devel op vortexes behind

the r3 bsvedocity) ofisthe resnrentt decafdansss fromnyheget portions both
towards the hub (6a) and towards the tips. The current
shows such a velocity distribution in the direction of the
radius of the fan (6).

In the twelfth invention, the frame (4a) of the fan
10 guard (4) is approximately rectangular, and the current
from the fan (6) is led to four corners. Above all, the
velocity of flow of air from the outer portions of the
blades (6b) of the fan (6) that are a little closer to the
hub (6a) than the tips of the blades can be decreased

15 effectively within a short distance.

The twelfth invention has a feature of increasing the
effective area of the fan guard (4) when the casing of the
air blowing unit is shaped like a rectangular box, thereby
efficiently improving the effects of the fifth invention.

20 In this case, the fan guard (4) is usually installed
in the downstream part of the circular air outlet (2a)
arranged on one surface of the rectangular casing. Since
the fan guard (4) is approximately rectangular, there is
an advantage that the casing can be used without changing

25 the outer dimensions.
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first to ninth inventions can be fully exerted even when it is necessary
,to increase the thickness of the ribs (41, 25 42) in order to provide
enough strength. 29 (11) Eleventh Invention According to the el eventh

i nvention, in any of the first to tenth inventions, a sealing plate (43)
.,is provided at the center of the frame (4a) corresponding to 5 the
rotation axis (0-0') of the fan (6). In general, in the distribution of
current in the direction of the radius of the fan (6) inside the hub (6a),
there is a reverse current which goes fromthe downstream side of the fan

(6) towar §35h%hH%Q%§ﬁ@hsiﬁV% dhgnl10 reverse current interferes with the
current ffowng in the |ntend%d direction, thereby causing an issue of

0015 o T AL BN s e BB gy, e S
restricts the flow ng towards the air covering sealing plate &43) k?
guard (4)farati £agteelfth inventions, the air inlet™ ends (42a) of
5 the nearly cylindrical ribs (42) are more protruded than
the air inlet ends (4la) of the board-shaped ribs (41).

When the blades (6b) of the fan (6) pass through the

positions of the board-shaped ribs (41), it is inevitable

that some vortexes occur on each surface of the board-

10 shaped ribs (41). On the other hand, the nearly
cylindrical ribs (42), which are along the current from
the fan (6), cause almost no vortexes.

However, when the air inlet ends (4la) of the board-
shaped ribs (41) are more protruded than the air inlet

15 ends (42a) of the nearly cylindrical ribs (42), vortexes
occur at the air inlet ends (42a) of the nearly
cylindrical ribs (42) in the portions where the board-
shaped ribs (41) and the nearly cylindrical ribs (42)
cross each other.

20 Therefore, in the present invention, the air inlet
ends (42a) of the nearly cylindrical ribs (42) are more
protruded than the air inlet ends (4la) of the board-
shaped ribs (41]) so as to prevent the occurrence of
vortexes at the air inlet ends (42a) of the neafly

25 cylindrical ribs (42). Consequently, noises caused by the
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(0-0") of the fan (6). the center of the fan interference between the
current outlet and the reverse current, thereby further reducing the

noi ses. 20 (12) Twelfth Invention According to the twelfth invention, in
any of the first to eleventh invention, the frame (4a) is designed to be
.approximately rectangular. The current fromthe fan (6) varies in velocity
anong 25 different positions in the direction of the radius of the 30 fan

(6). As spatfidrenere oft thadivoft@xesdchholet premérited portions of the
bl ades of the fan (6) that are a little closer to the hub (6a) than the

tips of the blades has a higher velocity than the current fromthe tips.
The 5 vel ocity of the current decreases fromthese portions both towards

t he hub (?g% aﬁ tf] ? The current shows such a velocity
di'stribut {O4) 7 AORKE e L2 Re radlus of the fan (6). In the twelfth
I nvention, the frane (4a of the fan uard (4).is approximtely
rectangul ar, ®¢FardingrEentthe rS?rPFﬁ@epé cventien, ¢ 41y diﬁycelfné?l’ée

Above al |, t he
5 first to thirteenth inventions, the air inlet ends (42a)

of the nearly cylindrical ribs (42) are more protruded
than the air inlet ends (41la) of the board-shaped ribs
(41), and the air outlet ends (42b) of the nearly
cylindrical ribs (42) are more protruded than the air

10 outlet ends (41b) of the board-shaped ribs (41).

The fan guard is usually molded by pulling out two
molds in the direction of the air inlet ends (4la, 42a)
and the air outlet ends (41b, 42b) of the board-shaped
ribs (41) and the nearly cylindrical ribs (42).

15 In this case, if the air inlet ends (41la) and the air
outlet ends (41b) of the board-shaped ribs (41) were more
protruded than the air inlet ends (42a) and the air outlet
ends (42b) of the nearly cylindrical ribs (41), undercut
or other problems would occur at the portions where the

20 board-shaped ribs (41) and the nearly cylindrical ribs
(42) cross each other. As a result, it would take time to
mold the fan guard (4).

Therefore, in the present invention, thel molding is
facilitated by making the air inlet ends (42a) and the air

25 outlet ends (42b) of the nearly cylindrical ribs (42) be
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velocity of flow of air fromthe outer portions of the blades (6b) of the
fan (6) that are a little closer to the hub (6a) than the tips of the

bl ades can be decreased 15 effectively within a short distance. The
twelfth invention has a feature of increasing the effective area of the
.fan guard (4) when the casing of the air blowing unit is shaped |like a
rectangul ar box, thereby efficiently inproving the effects of the fifth

i nventi onpo2@ IgrdtiidedsehahhaHanaguarihlet) éndssyala) i asdakhed ain the
downstream part of the circular air outlet (2a) arranged on one surface of

the rect aggyh gl eads'¢a1d) (s Lhe bBArAuahApld i apPpipylmtely

rectangul ar, there an ‘a ntage tha e casing ca e used w t hout
changing 25 the outer dinensions. 31 (13) Thirteenth Invention According
to the thirteenth invention, in any of the first to twelfth inventions,
the air inlet ends (42a) of 5 the nearly cylindrical ribs (42) are nore
pr ot ruded (L RAnFifkeenth INERNEHAB (41a) of the board-shaped ribs (41).
Wien the bl ades (6b) of the fan (6) pass through the positions of the
boar d-Bshaped rihes fufiieenthi inveativablrelattes tondnyvairerendddcipniog each
surface of the board 10 shaped ribs (41). On the other hand, the nearly
device provided with the fan guard (4) of the air blowing
unit of any of the first to fourteenth inventions. The
air-conditioning device is provided with a heat source
side unit (50) and a user’s side unit, and the heat source

10 side unit (50) includes at least a heat exchanger and a
fan stored in a casing (51). The casing (51) is provided
with an air outlet (54), which is covered by the fan guard
(4) -

The fifteenth invention is an air-conditioning device

15 which can exert the effects of any of the first to
fourteenth inventions. The air-conditioning device of the
present invention prevents the occurrence of a short
circuit effectively, which secures prevention of a
decrease in air conditioning performance.

20 The provision of the nearly cylindrical ribs (42)
makes the whole current in the direction of the radius of
the fan (6) be converged forward due to the effect of the
nearly cylindrical ribs (42) controlling the direction of
the current. This prevents the occurrence of a short

25 circuit further effectively.
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cylindrical ribs (42), which are along the current from the fan (6), cause

,al nost no vortexes. However, when the air inlet ends (4l1a) of the board-

shaped ribs (41) are nore protruded than the air inlet 15 ends (42a) of
the nearly cylindrical ribs (42), vortexes occur at the air inlet ends

.(42a) of the nearly <cylindrical ribs (42) in the portions where the board-

shaped ribs (41) and the nearly cylindrical ribs (42) <cross each other. 20

Therefore, indie ppaserlingveltithe therPenti rtet thendsah42plapd t(E)
nearly cylindrical ribs (42) are nore protruded than the air inlet ends

41 f h f
Sorf‘éxzs QPR AP mar dhc 145888 Fhd T L0F SR AR

(42). ?ﬁ uentl , hoi ses caused by the 32 occurrence of the vort exes can
be preven NP1#F *Fourt eenth Invention According to the fourteenth
i nvention, in any of the, 5 first to thirteenth_inventions, the air inlet

ends (42a) ofr%eNﬁea’r*‘Pi}'séﬁ iHr ithe  £ABs gu2ydar ¢4 hphaus oddddfarenthan
the air inlet ends (4l1la) of the board-shaped ribs (41), and the air outl et

ends (42bphasesheimediley diyertdoncabfritise (4Adiare odr etpeotfmnleokﬁhan t he
o which makes the NZ noises weaken each other, so as to
reduce the occurrence of the NZ noises.

Making the air inlet ends (4l1la, 42a) of the board-
shaped ribs (41) or the nearly cylindrical ribs (42)

10 approximately arc in cross section, the fan guard (4) can
be designed further thinner.

Providing the sealing plate (43) at the center of the
fan guard (4) restricts the interference between air
flowihg towards the air outlet and the feverse current,

15 thereby further reducing the noises.

In the case where the casing (51) is shaped like a
rectangular box, designing the frame (4a) to Dbe
approximately rectangular can increase the effective area
of the fan guard (4).

20
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a front view of the air blowing unit of

Embodiment 1 of the present invention.

Figure 2 is a cross sectional view of the structure

25 showing the fan guard of Embodiment 1.
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10 outlet ends (41b) of the board-shaped ribs (41). The fan guard is
,usual ly nolded by pulling out two nolds in the direction of the air inlet
ends (4l1la, 42a) and the air outlet ends (41b, 42b) of the board-shaped
ribs (41) and the nearly cylindrical ribs (42). 15 In this case, if the air
.inlet ends (41a) and the air outlet ends (41b) of the board-shaped ribs
(41) were nore protruded than the air inlet ends (42a) and the air outlet

ends (42b) of gipureas| ¥s cxhi edniagdled ifrortd hiiewNdEr eHe fah efuRafd P! ens
woul d occur at the portions where the 20 board-shaped ribs (41) and the

nearly cylj ls ri.ps (42) cross each other. As a result, it would take
tinme to #%Pgaéﬁghfa%'guard (4). Therefore, in the present invention, the

molding is facilitated.by making the air inlet ends (.42a) and the air 25
outl et ends (FAFULS Ehésmﬁﬂl9“89Fﬂﬁ&ﬂﬁﬁﬁsB?ﬁﬁlYﬁ2y %% Fe M r uded

than the air inlet ends (4l1a) and the air outlet ends (41b) of the
boar d- shapa#itr ps thelan mard f@EcRmhodimenti dn 5 The fifteenth invention
relates to an air-conditioning device provided with the fan guard (4) of
the aif bl owi Fg.gume t 5of imnya opatriid afli r perspettinveceviibwi rekowings. thihe
air-conditioning device is provided with a heat source
angle at which the board-shaped ribs are 1installed in
Embodiment 1.

Figure 6 is a view showing the speed component (Fr) of
the current inward in the direction of the radius of the

10 fan at the board-shaped ribs of Embodiment 1.

Figure 7 is a view showing the angle (6 a) between
the line (C,) formed by the air outlet end of each of the
board-shaped ribs and the direction tangent to the nearly
cylindrical ribs in Embodiment 1.

15 Figure 8 is a view showing the relationship among the
speed component (Cz;) of the current just generated by the
fan in the axial direction, the speed component (Cz,) of
air flowing into the fan guard in the axial direction, and
the component of the current in the circumferential

20 direction.

Figure 9 is a view showing the relationship between
the board-shaped ribs and the actual current in Embodiment
1.

Figure 10 is a view showing the relationship between

25 the curve (C;) formed by projecting each of the board-
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side unit (50) and a user's side unit, and the heat source 10 side unit
.(50) includes at |east a heat exchanger and a fan stored in a casing (51).
The casing (51) is provided wth an air outlet (54), which is covered by
the fan guard (4). The fifteenth invention is an air-conditioning device
.15 which can exert the effects of any of the first to fourteenth

I nventions. The air-conditioning device of the present invention prevents

the occurgpapedofribshant the coutvefl f @) vEdbymedhibyh pEsieeBingewridi on of
a decrease In air conditioning performance. 20 The provision of the nearly

cylindr i cgk Enos 42) odeE NenghBhaasy (ANIcAd 1 th RbbATaRint PP,

radi us of e fan onverged torwar ue to e effect o e

nearly cylindrj.cal ri 42) controlling the directiao f. the_current.
Thi's br event o FiRRSe B BAEb 0% cmPELond VLERE B thhe | BRFociiA ). 34
The splitting of the current at the fan guard (4 occurs | ess, which

el i ni nat e8N€He0fr E8eyboarskshareqd ohkbs 1Ph§mﬁgﬁgﬂenﬂuiﬁz noi ses in the

fan guard (4) have different 5 phases in the direction of the radius of
the fén (6), Rigudte ndResarke dRo8si seectbaRal catewst hef , tde aboaxrd-

shaped ribs in Embodiment 1.

Figure 13 is a graph showing the distribution of the
axial-flow speed of the current from the fan in the
direction of the radius of the fan (6) in the air blowing

10 unit.

Figure 14 is a graph showing the distribution of the
angle of the current just generated by the fan in the air
blowing unit in the direction of the radius of the fan (6).

Figure 15 is a front view of the fan guard of the air

15 blowing unit of Embodiment 2 of the present invention.

Figure 16 is a front view of the fan guard of the air
blowing unit of Embodiment 3 of the present invention.

Figure 17 is a front view of the outdoor unit of the
air-conditioning device of Embodiment 4 of the present

20 invention.

Figure 18 is a plan view of the outdoor unit in
Embodiment 4.

Figure 19 is a plan view of. the fan guard in
Embodiment 4.

25 Figure 20 is a front view of a prior art air blowing
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reduce the occurrence of the NZ noises. Making the air inlet ends (41la,
.42a) of the board- shaped ribs (41) or the nearly cylindrical ribs (42) 10
approximately arc in cross section, the fan guard (4) can be designed
further thinner. Providing the sealing plate (43) at the center of the fan
-.guard (4) restricts the interference between air flowng towards the air
outlet and the reverse current, 15 thereby further reducing the noises. In
t he case whdre the casing (51) is shaped |ike a rectangul ar box, designing
the frame (4a) to be approximately rectangular can increase the effective

area of the fapygt@rgi(4s 40 GRdd BeeeRORHIOV thwTHa K VhNonk dtie 1 1S

a front viewo he air blowing unit of Enbodinent 1 of the present

f
i nvention,.Figure, 2 iLs r 0SSy SeGti VA ruciu 5. show ng
the fan ghiPe dr R Bbarasis 2855hoiRe Y Sh-betaisast Bhe FRlPEr the
fan guard of Enbodinent 1. Figure 4 is an enl arged perspective view of the
mai n  par 8réf adke bLAVIRHE P BE - Enbodi ment 1.

5
BEST MODE FOR CARRYING OUT THE INVENTION
-EMBODIMENT 1-

Figures 1 through 14 show the fan guard of Embodiment

1 of the present invention, which is used in an air
10 blowing wunit such as the outdoor unit of an air-
conditioning device.

As an air blowing unit, the present embodiment employs
an outdoor unit (1) of an air-conditioning device similar
to the above-described outdoor unit of the prior art

15 example. As shown in Figures 1 and 2, the outdoor unit
(1) is composed of a heat exchanger (not shown) and a fan
(6) made of a propeller fan which are laid from the
opening (not shown) for air intake on the rear side
towards the air outlet (2a) inside a casing (la). On the

20 front side (2) of the casing (la), a fan guard (4) for
protecting the fan (6) is provided to .cover the air
outlet (2a) formed by a bell mouth (5), which is a fan
guide.

Rotating the fan (6) causes air to be taken into the

25 casing (la) through the opening for air intake. The air
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5 Figure 5 is a partial perspective view show ng the angle at which the
.board-shaped ribs are installed in Enbodinent 1. Figure 6 is a view
showi ng the speed conmponent (Fr) of the current inward in the direction of
the radius of the 10 fan at the board-shaped ribs of Enbodiment 1. Figure
.7 is a viewshowng the angle ( 0 a ) between the line (GL) forned by the
air outlet end of each of the board-shaped ribs and the direction tangent
to the neﬁahsedcyh:imd:rdgml thiéds hentEnbedéhanget. 15 Fhaneged i Sirtoi eav
showi ng the relationship anong the speed conponent (CZ2) of the current

just genegaiednhy d iR tdife adlibcfiibaCtd PNrothiR8 onPeSE @ oneNt

(CzjL) of air ro g |n o the fan guard in the axial direction, and the

h
A ORAT PR % ae £ < AT R S %&ﬁe&ﬁr?ﬁ% BeatimdeRCts fp. e’ ' °
act ual current i n Enbodi ment . gure 10 is a V|em15homnn t he
rel ati onsPRpLBEL W » anghéh&rW( SR dor (Y B ﬁ'lb‘jsec?Fﬂgreéf&W%‘?dﬁ he

board- 36 shaped ribs and the curve (C2) fornmed by projecting each of the
rear édgethef frhatblofddhefoutdodmmunitE€BJdi nent 1.

The fan guard (4), as shown in Figures 3 and 4,
comprises a frame (4a), a sealing plate (43), a plurality
of broad-shaped ribs (41, 41 - ), and a plurality of
cylindrical ribs (42, 42--).

10 The frame (4a) is arranged in the perimeter of the air
outlet (2a) and is approximately rectangular.

The sealing plate (43) is so arranged that its center
approximately coincides with the rotation axis (0-0’) of
the fan (6). The sealing plate (43) covers the center

15 regions of the fan guard (4) and is appropriately
rectangular like the frame (4a).

The board-shaped ribs (41) are extended radially
outward in the direction of the radius of the fan (6) from
the perimeter of the sealing plate (43).

20 The cylindrical ribs (42) are integrated with the
plurality of board-shaped ribs (41, 41--). The plurality
of cylindrical ribs (42, 42--) are arranged concentrically
around the rotation axis (0-0’) of the fan (6) at
predetermined intervals in the direction of the radius of

25 the fan (6). The cylindrical ribs (42) are in the form of
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Figure 11 are cross sectional views of the air inlet ends of the

_board-shaped ribs in Enbodinent 1. 5 Figure 12 are cross sectional views of

t he board- shaped ribs in Enbodinent 1. Figure 13 is a graph show ng the
distribution of the axial-flow speed of the current fromthe fan in the

.direction of the radius of the fan (6) in the air blowng 10 unit. Figure

14 is a graph show ng the distribution of the angle of the current just
gener at edshypritheylimders he Phe chllowdedcal tribs t (829 vEctthen pafed det
radius of the fan (6). Figure 15 is a front view of the fan guard of the

air 15 bhigWeRe N tapk Eﬂaedlmsgafhg &y IPE e FAWEE | QY1 idddrs £ 16

is a front view of the fan guard of the owi ng unit of Enbodi nent 3 of
t he preseggﬁlnventlon ront view of the outdoor unit of

b gﬁ c
the air i £ |ﬁb'ﬁ%ﬁ? o tﬂ85& it 4 of the present 20 invention.

Figure 18 is a plan view of the outdoor, unit_in Enbodinment 4. Figure 19 is
a pl an V|ew(ﬁIQrﬂaY%ﬁtﬁﬁﬁichﬁssEﬂﬁﬁﬁ%RRHOﬁ-aZBOFFGUP@aﬁGdl§%PfQQ#QIV|ew

of a prior art air blow ng 37
5 a line (A) connecting an air inlet end (4la), which is the

end of the air inlet side, and an air outlet end (41b),
which is the end of the air outlet side is inclined from
the rotation axis (0-0’) by a predetermined angle (O@r) of
installment in the direction of rotation of the fan (6).

10 In a cross section perpendicular to the line (C;)
formed by projecting the air outlet end (41b) of each of
the plurality of board-shaped ribs (41) on a surface
perpendicular to the rotation axis (0-0’) of the‘fan (6),
as shown in Figure 5, a line (A) connecting a point (PL)

15 on the air inlet end (4l1la) of each of the plurality of
board-shaped ribs (41) and a point (PT) on the air outlet
end (41b) is inclined from the rotation axis (0-0’) of the
fan (6) by a predetermined angle (8@ r) of installment in
the direction of rotation of the fan (6).

20 In addition, a point (P;) on the outer circumference
of the air outlet ends (41b) of the board-shaped ribs (41)
is positioned at a point rotated in the direction of
rotation of the fan (6) from a straight 1line (B)
connecting a point (P;) on the inner circumference of the

25 air outlet ends (4l1la) and the rotation axis (0-0').

40



unit. Figure 21 is a cross sectional view taken along the line A-A of
_Figure 20 showing the structure of the prior art air blowing unit. 5 BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON - EMBODI MENT 1 Figures 1 through 14
show the fan guard of Enbodinment 1 of the present invention, which is used
.n an air 10 blowi ng unit such as the outdoor unit of an air- conditioning
device. As an air blowing unit, the present enbodi nent enploys an outdoor

unit (1) of amrmig; cene bethg(l!ié)Vl@B)%@ﬂﬁb the theamdoytayewii i gd
out door unlt of the prior art 15 exanple. As shown in Figures 1 and 2, the

td h
(6) nac ?’ha proygel I %mh arggflg?%r}gﬁr Seelof 1aHe) iriq’)a éfm

(6) nmade o d fromthe opening (not shown)

f t tlet, (2 d

casing (1878R0nSEhetBE' (7l ﬂwx 3 Foord-Shaphd (155 IUAN B8 & (4)
for protecting the fan é prOV|ded to.cover the air outlet Z%Qy;orned
by a bel | SHEGBRFE( HETrRBR hcp},ag fton thei dotatckon i A¥iehd Q0" Y 6PIcaR®s air

to be taken into the
5 fan (6) is positioned at a pint rotated in the direction

of rotation of the fan (6) from the straight line (B)

connecting a point of intersection (0) of the rotation

axis (0-0’) of the fan (6) and the projection surface and

the point (P;) on the inner circumference on the sealing
10 plate (43) side.

Oon the other hand, the cylindrical ribs (42) are
extended in such a manner as to be approximately uniform
in diameter from the upstream side to the downstream side
of the current. The air inlet ends (42a), which are the

15 ends of the air inlet side of the cylindrical ribs (42)
are formed to be arc having a large curvature.

The board-shaped ribs (41]) are so formed that the air
inlet ends (4l1la) have a large thickness, and the thickness
is gradually reduced as it gets closer to the air outlet

20 ends (41b). The air inlet ends (4la) and the air outlet
ends (41b) are designed to be arc of a predetermined
curvature (Refer to Figure 4).

These plurality of board-shaped ribs (41) and the

plurality of cylindrical ribs (42) are integrally made

25 from a synthetic resin in such a manner as to cross each
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25 casing (l1a) through the opening for air intake. The air 38 passed
.through the heat exchanger is changed into a current spinning in the
direction of rotation of the fan (6), and is flown out through the bell
mouth (5), the air outlet (2a), and the fan guard (4) in this order
-towards 5 the front of the outdoor unit (1). The fan guard (4), as shown
in Figures 3 and 4, conprises a frane (4a), a sealing plate (43), a

pluralityotdkroagadneiaperh rFbgutdla.41 ), and a plurality of cylindrica
ribs (42, 42) . 10 The frame (4a) is arranged in the perineter of the air

outl et (22) ang, | feSPPLAXLTAEBYE," THAMY! F1oulCrBBH! LAG R S dy!Unds SO

arranged that Its center approxinately coincides Wth the rotation axis
(0-0") lthe f an Qg% ﬁhe ealln (g 2? QF%% rs ghe ggnter. 15. reglons
of the faﬁ SuArg AAtenk ?s AorBHTT At ; 5 %&{%a? FPRESt FP ¥ AT (4a) .
The board-shaped ribs (41) are extended radially outward in the direction
of the ragnyests nBavang( 6} fP%?ﬁie‘t:ﬂémbBPFlme?E?eéf FHBPRRENENGLY| ke (43) .
20 The cylindrical ribs (42) are integrated with the plurality of
boar d-shadédecithon( 4if rdYatibe plfutdlei than of6 )yl i fmir conkrasls (4e,the) are
arranged concentrically
present embodiment, a plurality of cylindrical ribs (42)
arranged concentrically around the rotation axis (0-0’) of
the fan (6) and at predetermined intervals in the
direction of the radius of the fan (6) and a plurality of
10 board-shaped ribs (41) extending radially outward in the
direction of the radius of the fan (6) from the outer
circumference of the sealing plate (43) are arranged
approximately symmetrical with respect to the axis. This
structure can more effectively restrict a pressure loss
15 resulting from a current collision due to the disagreement
of the direction of the current from the fan (6) and the
angle at which the ribs (41, 42) are installed, or noise
resulting from the occurrence of vortexes.
The current from the fan (6) varies in velocity among
20 different positions in the direction of the radius of the
fan (6). As stated above, air flowing from the outer
portions of the blades of the fan (6) that are a little
closer to the hub (6a) than the tips of the blades (6b, 6b

) has a higher velocity than the current from the tips

25 (Refer to Figure 13). With regard to this problem, in the
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around the rotation axis (0-0") of the fan (6) at predetermned intervals
.in the direction of the radius of 25 the fan (6). The cylindrical ribs (42)
are in the formof 39 short cylinders. The cylindrical ribs (42) of the
present invention are not necessarily right circular cylinders; they can
.be nearly cylindrical. In a vertical cross section of a board-shaped rib
(41), 5 aline (A connecting an air inlet end (41a), which is the end of

the air ipheksehtdemisdinent) rthet femend dahlgf thbi €ani gulahel el oist he
air outlet side is inclined from the rotation axis (0-0") by a

doter o ¢ . : . ! : ¢
preaet er ?‘g)@@‘iﬁ%@ to 'He © aepcéf&ﬁhéﬁéﬂ%d' PebREnd18&! | 4% Oladi Abod ©

e
the fan I'n a cross s I on perpendicular to the line (Cl) forned
by projecting the air_outlet. . end é41b of ac% of ge | .ur #'t. of
board-shaﬁbﬂgﬁﬂxséai? SRy, 1 BRE CREF SR {ﬁ%rth t %9rg gt%r1%&?s
(0-0") of the fan (6), as shown in Figure 5 a line &A) connecting a point
(PL) 15 okOt h&hfl r §qH%t SAENEYSa) Of ofaR hegpptifal (@) rof @and ~ in
boar d- shaped ribs (41) and a point (PT) on the air outlet end (41b) is
i ncli ned pasmichdamt athen welsc{dy0'9f ofthehe cufrarents) fbpma phederweterned
angle (e r) of installnment in the direction of rotation of the fan (6).
20 I'n addpbir@ion® PEENttHEL2bladeshe(ebherofi rhenf €aANCEE) that are a
little closer to the hub (6a) than the tips of the blades
can be decreased effectively within a short distance.
It is generally known that the pressure loss of a
10 fluid increases in proportion to the square of the
velocity of flow of air, and that noise caused from a flat
plate laid in a current is in proportion to the fifth or
sixth power of an air velocity. Consequently, this
structure makes it possible to reduce the pressure loss in
15 the fan guard (4), fan noise resulting from a decrease in
the number of revolutions of the fan (6), and noise caused
by the ribs themselves.
The fan guard (4) of the air blowing unit like the
outdoor unit of the air-conditioning device is usually
20 installed downstream of the round air outlet (2a) arranged
on the front surface (2) of the box-shaped rectangular
casing (la) as 1illustrated. When the frame (4a) is

approximately rectangular, there is an advantage that the

casing (la) can be used without changing its outer
25 dimensions.

43



of the air outlet ends (41b) of the board-shaped ribs (41) 1is positioned
.at a point rotated in the direction of rotation of the fan (6) froma
straight line (B) connecting a point (Pl) on the inner circunference of
the 25 air outlet ends (4l1a) and the rotation axis (0-0'). 40 Thus, the
-point (P2) closest to the frane (4a) on the line (Cl) fornmed by projecting
the air outlet end (41b) of each of the plurality of board-shaped ribs

(41) on a surfracethper pgixbsaher lembdidEinenital i oinaxid (8rOsy Ofsddeidnf an
(6) is positioned at a pint rotated in the direction of rotation of the

of the roPSEPSRC B by, | M Rind OREFE) RRAORY, o

f
s Sect,y 0
of the rofat axi's (0- e fa é%?Q&EEﬁﬁ tRg (0)

I on sdrface and
the point (P1) on the inne | (curd erence the sealli 10 plate (43)
Sider on piE Ereharnd TRl ek FRRERC A RS pila ] B L
manner as to be approximately uniform in diameter fromthe upstream side

to the dofRdPedamidibfe A1) heOBur RentSUrfiace rrerpendigudarsiode WHieh are
the 15 ends of the air inlet side of the cylindrical ribs (42) are forned

t o be &ar crh&atigna axirsye(@+@ ¢ at afethehdamo o) s hapbinei [(a)( 4£OnnEat Sog
formed that the air inlet ends (41la) have a |l arge thickness, and the
thicknessa point (PL) on the air inlet end (4l1a) of each of the
plurality of board-shaped ribs (41]) and a point (PT) on
the air outlet end (41b) is inclined from the rotation
axis (0-0’') of the fan (6) by a predetermined angle (O r)
10 of installment in the direction of rotation of the fan (6).
Consequently, the direction of air flowing from the fan
(6) and the angle at which the board-shaped ribs (41) are
installed can be agreed with each other, so as to reduce
the splitting of current resulting from their disagreement
15 as much as possible, thereby further reducing the noise.
As for the distribution of air flowing from the fan
(6) inside the outer diameter of the hub (6a) in the
direction of the radius of the fan (6), there is a reverse
current which goes from the downstream side of the fan (6)
20 towards the hub (6a) side. The reverse current interferes
with the current flowing in the intended direction,
thereby causing an issue of noise.
In the present embodiment, the central position of the
sealing plate (43) provided at the center of the fan guard

25 (4) approximately coincides with the rotation axis (0-0')
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Is gradual ly reduced as it gets closer to the air outlet 20 ends (41b). The
.air inlet ends (4la) and the air outlet ends (41b) are designed to be arc
of a predetermned curvature (Refer to Figure 4). These plurality of
board-shaped ribs (41) and the plurality of cylindrical ribs (42) are
.integrally made 25 froma synthetic resin in such a manner as to cross
each 41 other as shown in Figure 4. As described above, the air flown from

the fan (B6f atHe ffami ngy Nto ¢brséguedttayyd (dhegeseanihy beretes g3 yni ng
currents having a predeterm ned speed conponent in the 5 direction of

rotation 8@#@%!{9?}‘3#&)?659820?%) e FBn!ldGard § tcgﬂb?%ismtct atlh%

plurality o I cal ri arrang conc rical around t
rotation axis (0-0') of he fa 6) and at ppedeterm.,ed _jntervals.in the
(it oct | on L SEETANAS PBEVERD” TEHE | GRLESR S BEOPARPL yitbr tAE. HRNEILFR ped
ribs (41) extending radially outward in the direction of the radius of the

fan (6) fAd¥echdonut eandci tdithf eXENEESSE t BBrEeBLing thereby 3)fugfther
arranged approximtely symetrical with respect to the axis. This

st ructiur eredncrimge tdfd exiisesd y restrict a pressure loss 15 resulting froma
current collision due to the disagreenent of the direction of the current
fromthe fan (£ gedckfibed above, in a case where the air blowing
unit is applied to the outer unit (1) of an air-
conditioning system, the occurrence of a short-circuit
must be prevented as much as possible because it decreases
10 the air-conditioning performance. The short-circuit is a
phenomenon where the air which has been taken in through
the opening for air intake on the back side of the casing
(la) and passed through a heat exchanger is blown off
through the air outlet (2a) on the front side of the fan
15 (6) and is again taken in through the opening for air
intake to be supplied to the heat exchanger. However, the
current from the fan (6) arranged upstream of the fan
guard (4) tends to flow outward in the direction of the
radius of the fan (6). Consequently, if nothing is done,
20 it 1is 1likely that the current from the fan guard (4)
adheres to the surface of the front wall of the casing due
to Coanda effect and travels towards the heat exchanger on
the rear side, thereby causing a short circuit.

Therefore, in the present embodiment, in a cross

25 section perpendicular to the 1line (C;) formed by
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angle at which the ribs (41, 42) are installed, or noise resulting from
.the occurrence of vortexes. The current fromthe fan (6) varies in velocity
anong 20 different positions in the direction of the radius of the fan
(6). As stated above, air flowing fromthe outer portions of the bl ades of
.the fan (6) that are a little closer to the hub (6a) than the tips of the
bl ades (6b, 6b ... ) has a higher velocity than the current fromthe tips
25 (Referpkoijecting 13he Wdir r egat et 0 éhds paabhemofi n ddeth 4B Pr esgat
enbodi ment, the frame (4a) of the fan guard (4) is designed to be

appr oxi nma n ar S . regult,th t
pp ?g{ﬁae?%)%_ oyfar s Aescnibed abaye Qf&hlé o/ lya %ﬁ&fs&%‘% s

fromthe s led to the fou? corners of fan guard
Dl ades (oBF BEREHEUARE ] ther “SHEEln (4F1% (PsBin iof PRASHEER &X8) than
the tips of .the blades can be decreased effectively within a short
di st ance. 8| 230 gehdr SOMPSEIRT t RatPRIE pABREIuAR | g§§ Fin indef| gnd
i ncreases in proportion to the square of the velocity of flow of air, and
t hat Moi s¢4tapsedf fearhaoffl athe ppduealdity i of aboamdershaped nrpbspgdli)n to
the fifth or sixth power of an air velocity. Consequently, this structure
nmekes it gpdsiablpoime r ¢ewge drmetheeadu odilst i Bnd (41b) is inclined
from the rotation axis (0-0’) of the fan (6) by a
predetermined angle (O r) of installment in the direction
of rotation of the fan (6) (Refer to Figure 5). In
10 addition, the point (P;) closest to the frame (4a) on the
line (C;) formed by projecting the air outlet end (41b) of
each of the plurality of board-shaped ribs (41) on a
surface perpendicular to the rotation axis (0-0’) of the
fan (6) is positioned at a point rotated in the direction
15 of rotation of the fan (6) from the straight 1line (B)
connecting a point of intersection (0) of the rotation
axis (0-0’) of the fan (6) and the projection surface and
the point (P,) closest to the sealing plate (43).
Employing the ribs shaped like this makes a force (Fr)
20 inward in the direction of the radius of the fan (6) due
to the board-shaped ribs (41) act on the current generated
by the fan (6) as shown in Figure 6. Consequently, the
current from the fan guard (4) is prevented from flowing

outward in the direction of the radius of the fan (6),

25 which reduces the occurrence of a short circuit as much as
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.15 the fan guard (4), fan noise resulting froma decrease in the nunber
.of revolutions of the fan (6), and noise caused by the ribs thenselves.
The fan guard (4) of the air blowing unit |like the outdoor unit of the
air-conditioning device is usually 20 installed downstream of the round
.air outlet (2a) arranged on the front surface (2) of the box-shaped
rectangular casing (la) as illustrated. When the franme (4a) is

appr oxi mepeky¥ibgetangul ar, there is an advantage that the casing (la) can
be used wthout changing its outer 25 dinensions. 43 In the present

erbodi ment, | 4:f ETAEChhARa NEfPoaf Uie pEaskhe |dod Chankor el Y

projecting thé air outlet”en eac the plurality of board-
shaped ribs (41) .on a surfage perpendicular to the 5 rotation axis (0-0")
of the fah“?ﬁf,d&m@nﬁiqqo(@bﬂmﬂﬁnFﬁe grﬂ@?nﬂﬁﬁﬁglﬁwé%ﬁégaﬁp ﬁﬁﬁée%nd
(41a) of each of the plurality of board-shag:? ribs (41) and a point (PT)
on the athanuthet iamex Aigmeternéi npdofr Shet Rdn Aukleh eadi f G-l2) of
the fan (6) by a predetermned angle (O) 10 of installnment in the
di r ecti onbellr awattlon(%) twhreanged 6o6n thenspepibneter ofe theecupishiregmair
flowng fromthe fan (6) and the angle at which the board-shaped ribs (41)
are side fan (6) of the fan guard (4), that is, of the edge of
the air outlet (2a) on the air outlet side (Refer to
Figure 2).
In short, the inner dimension ( ¥ ;) which is the
10 length of one side of the frame (4a) is designed larger
than the inner diameter (%¥,) of the bell mouth (5).

Making the inner dimension ( ¥ ;) of the frame (4a)
larger than the inner diameter (¥,) of the edge of the air
outlet (2a) can prevent the interference between the

15 current from the fan (6) and the frame (4a) of the fan
guard (4). It can also improve the effect of lowering the
velocity of flow of air by the frame (4a), thereby further
improving the effect of reducing noise.

In the case where the caSing (la) is shaped 1like a

20 rectangular box, designing the frame (4a) of the fan guard
(4) to be approximately rectangular can increase the
effective area of the fan guard (4), thereby effectively
improving the effect of reducing noises.

In addition to the above features, the fan guard (4)

25 of the present embodiment has another feature that as
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install ed can be agreed with each other, so as to reduce the splitting of
.current resulting fromtheir disagreenent 15 as nuch as possible, thereby
further reducing the noise. As for the distribution of air flowi ng from
the fan (6) inside the outer dianeter of the hub (6a) in the direction of
.the radius of the fan (6), there is a reverse current which goes fromthe
downstream side of the fan (6) 20 towards the hub (6a) side. The reverse

current ighewherigs Figlhet 1§ aihé eahgleowi Aoxi)n Béeweshented dinectepy,
t hereby causing an issue of noise. In the present enbodi ment, the central

position ehrid béﬁathegamxat&wé& Bhavi dedh pt o Ehe st 8 ehet g guar d
25 (4) approximately coincides with the rotation axis (0-0') 44 of the fan

(6). Cbnse uently he s ng pI 43) A t e f an
guard (4) estrrllrb& tﬁghr nfeY er 'ﬁu 8&%\/\1\55% Opﬁe ?&gﬁ% $n the
I nt ended drrectron and the reverse current, thereby further reducrng

the noi seSYlAR9FdSadi heblRBovd 42 alfasdMHEES¢Re &qtqﬁ§ﬁmnbnumq €s

applied to the outer unit (1) of an air conditioning system the occurrence
of a dhordicectdion of the radius of the fan (6).

In other words, the line (C;) formed by projecting the

air outlet end (41b) of each of the plurality of board-

shaped ribs (41, 41--) is a curve where the angles (Q a,f
a-++) which the line (C;) forms with the direction tangent

10 to the plurality of cylindrical ribs (42) grow from inside
to outside in the direction of the radius of the fan (6).

This structure can prevent the force (Fr) (Refer to
Figure 6), which acts inwardly in the direction of the
radius of the fan (6) from the board-shaped ribs (41),

15 from becoming larger than necessary against the current
from the fan (6), so as to increase the blowing resistance
on the tip sides of the blades (6b, 6b--) of the fan (6)
which have a relatively large speed component in the axial
direction.

20 The angle ( @ r) at which the board-shaped ribs (41)
are installed is designed to be approximately equal to the
angle ( 0 i) at which air flows from the fan (6) in the
diametrical position (Rcmax) where the speed component
(Cz) of the current from the fan (6) in the axial

25 direction is the largest and is approximately uniform in
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must be prevented as nmuch as possi bl e because it decreases 10 the
.air-conditioning performance. The short-circuit is a phenonenon where the
air which has been taken in through the opening for air intake on the back
side of the casing (1la) and passed through a heat exchanger is bl own off
.through the air outlet (2a) on the front side of the fan 15 (6) and is
again taken in through the opening for air intake to be supplied to the

heat exchangerditleweyen, déhe thelr paatiukr od¥t thd akanb) (6yLangefl upsheeam of
the fan guard (4) tends to flow outward in the direction of the radius of

the Tan (Ghro@nsiemiye |0 29 BN GANe B0t LEabBREIS Y alfe

current from ah guard eres e surface of the
t he casing due, tg agga 2%%§%; nd %Lavels towar.ds t %;heatdexcga er on
the rear &ffe, PREA ad&et§a Hor £ 9HSi 2) THE ef T ITT ¢ heC prictent
enbodi nent, in a cross 25 section perpendicular to the line (C) fornmed by
45 proj ecappgoximatielyoequal cha theppngleach o (Refep| tpaFigurs 8)
boar d- shaped ribs (41) on a surface perpendicular to the rotation axis
(0-0')5 of ofhethen ¢8¥rent | juet( Ayenenasedi ngya pbent£dPL) (&) tie atheinl et
end 5 (41a) of each of the plurality of board-shaped ribs (41) and a point
(PT) on tpesaitioput(rdmaxy (Réberi o neiguwed 13) in the direction of

the radius of the fan (6) where the speed component (Cz;)

of the current from the fan (6) in the axial direction is

the largest and is approximately uniform in the direction

10 of the radius of the fan (6).
As stated above, the speed component of the current

just generated by the fan (6) in the axial direction is

lowered by a predetermined degree before it flows into the

fan guard (4). On the other hand, as shown in Figure 8,

15 due to law of conservation of angular momentum, the speed
component of the current from the fan (6) in the
circumferential direction is maintained at the opening of
the fan guard (4). Consequently, the angle (6 n) between
the axial direction and the direction tangent to the

20 current flowing into the fan guard (4) is larger than the
angle (6O 1i) of the current just generated by the fan (6).

In addition, as shown in Figure 14, the angle (8i) of the
current just generated by the fan (6) tends to increase as

it gets closer to the hub (6a) than in the position

25 (Rcmax) (Refer to Figure 13, too) in the direction of the
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fromthe rotation axis (0-0") of the fan (6) by a predetermned angle ( e
.r) of installnment in the direction of rotation of the fan (6) (Refer to
Figure 5). In 10 addition, the point (P2) closest to the frame (4a) on the
line (Cl) formed by projecting the air outlet end (41b) of each of the
plurality of board-shaped ribs (41) on a surface perpendicular to the
rotation axis (0-0') of the fan (6) is positioned at a point rotated in

t he direckradiusb of theatfiain ¢6)t hihdran the bpead heompoaeght (G20 (B)
connecting a point of intersection (0) of the rotation axis (0-0") of the

fan (6) apget 'a’é‘u%rlolﬁffé@@léﬂrBécéhé”@urtﬂé?mooffﬁm(E’Hé ehAsqey UG e
sealing plate (43) Enpl oyi ng the ribs shaped Ii ke this nakes"a force (Fr)

boar 0- snabBhoPRRe (dtnasRugReaE cfFr £ Trotiu, Bege il £ c%%el%%

shown in F| gure 6 Conéequentl the current fromthe fan guard (4)
prevent edtheordng ki Kg@ Blt Bl dinstahdmentecin 0@ JRaRRers 4@ yBake t‘htéef an
(6), 25 which reduces the occurrence of a short circuit as nuch as 46
possi Bl e. angheshd& @ ijnagdan(® 8)) eguatlhéqressantoehendi nent, the inner

di nrension (01) of the frane (4a) is designed |arger than the I nner

di aneter ( O02rdrdfierejr inuttle¢ emesent hembodiment, the curve (C,)

formed by projecting the air outlet end (41b) of each of
the plurality of board-shaped ribs (41) on a surface
perpendicular to the rotation axis of the fan (6) is a

10 curve where the angles (@ a) (Refer to Figure 7) which the

curve (C,) forms with the direction tangent +to the
plurality of cylindrical ribs (42) grow from inside to
outside in the direction of the radius of the fan (6).
Furthermore, in the present embodiment, the angle (fr) at
15 which the board-shaped ribs (41) are installed (Refer to
Figures 5 and 9) is designed to be approximately equal to
the angle (8 i) (Refer to Figure 8) of the current in the
diametrical position (Rcmax) where the speed component
(Cz2) of the current from the fan (6) in the axial
20 direction is the largest.

As a result, as shown in Figure 9, in the diametrical
position (Rcmax) where thev speed component (Cz;) of the
current from the fan (6) in the axial direction is the
largest, the substantial angle ( @ rs) at which the ribs

25 are installed against the current from the fan (6) can be
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5 bell mouth (5) arranged on the perineter of the upstreamside fan (6) of
-.the fan guard (4), that is, of the edge of the air outlet (2a) on the air
outlet side (Refer to Figure 2). In short, the inner dinension O which is
the 10 length of one side of the frame (4a) is designed larger than the
‘i nner dianeter (02) of the bell nmouth (5). Making the inner dinension ( O
1) of the frame (4a) Ilarger than the inner dianmeter (02) of the edge of

the air ﬁé%li@he(cﬂa):ocaap?t‘r@mﬁiaﬁélql | Rideer @idth beheeeandle 13 @ragnt
fromthe fan (6) and the frane (4a) of the f an guard (4). It can also

i mprove t hReglehecto O il | 89 P weel Othy ££idl oWidlec fodYahle £heMe

(4a), thereby further “inproving the effect of reducing noise. In the case
where the ' (1 i haped |l ke ec r f d@ﬁ'gn' t he
frame (4a?§%F%Fﬁ%nfa§%8§§P§ ?§) %gbeéﬁﬁéggéin%?§€§h§ec gﬁ%ula éca#]ng
I ncrease the effective area of the fan guard (4), thereby effectively
i npr ovi ngIBAEdedAdct of reducing noises. In addition to the above feat ures,
the fan guard (4) 25 of the present enbodi ment has another feature that as
47 shdwn in Filjur &hat t@asenglthe Curve bdCumperis ha | cheveCiwhereortiee by
the air outlet end (41b) of each of the board-
angles (0 a) which the curve (C,) forms with the direction
tangent to the plurality of cylindrical ribs (42) grow
from inside to outside in the direction of the radius of
the fan (6), and the angle (Or) at which the board-shaped
10 ribs (41) are installed is approximately uniform in the
direction of the radius of the fan (6). Consequently, the
above-mentioned substantial angle ( @ rs) of installment
becomes larger on the hub (6a) side than in the
diametrical position (Rcmax) where the speed component
15 (Cz2) of the current from the fan (6) in the axial
direction is largest, so that it agrees with the current
actually flowing into the fan guard (4) (Refer to Figure
9).
As shown in Figure 9, the cylindrical ribs (42) are
20 curved in the outward direction which is the centrifugal
direction and also inclined in a surface perpendicular to
the curve (C;). As a result, air diagonally runs the
length of the cylindrical ribs (42). The cylindrical ribs
(42) have a larger curvature outside than in the center,

25 so that the angle of inclination (the substantial angle &
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shaped ribs (41) and the direction tangent to the «cylindrical ribs (42) is
.increased outward in the 5 direction of the radius of the fan (6). In

ot her words, the line (Cl) fornmed by projecting the air outlet end (41b)
of each of the plurality of board- shaped ribs (41, 41... ) is a curve
‘where the angles (0 a, 0 a... ) whichtheline () forms wth the
direction tangent 10 to the plurality of cylindrical ribs (42) grow from
inside tesowsi dasitalliendiy e6i ahéf ciyhdndadidssl okibe {£2) (HecomB S
structure can prevent the force (Fr) (Refer to Figure 6), which acts

| nwar dl y iggh??bgir{ 2%:%0%1@ (8a) rafliys gl dfe Ei&g(ﬁ@nig‘;r{a ggéafrlgént to

boar d- shape frombecomng | arger t agai nst the
current fromthe fan (. 0 as to increase the bl ow ng.resistance on the
C1p ol des EBF EREchRasadh e Fote 1851 8338 (BS Py SO hEnERE"

relatively | arge speed conponent in the axial direction. 20 The angle 0 r)

at which the reiorged EhBs @fffectyr 0f nsteANSdNG RRIFRedCAd bde
approximately equal to the angle ( 0 i) at which air flows fromthe f an

(6) i thebtdiaedt rondiy pbgitcontgBlldng wehee ahglepegd & dnporeht tHeCZ) of
the current fromthe fan (6) in the axial 25 direction is the |argest and
i s approx¢dRienhy Ubhf othei nd#8metrical position (Remax) where the
speed component (CZ) of the current from the fan (6) in
the axial direction is largest. Thus, controlling only
the angle (0 i) m;kes it possible that the substantial
10 angle ( @ rs) of installment in all positions in the
direction of the radius of the fan (6) agrees with the air
current, without complicated setting of the angle (Or) at
which the board-shaped ribs (41) are installed in the
direction of the radius of the fan (6). As a result, the
15 effect of reducing the noise can be obtained by a simpler
design. In Figure 9, LR indicates a line perpendicular to
the curve (C;), and LP indicates a line parallel to the
direction tangent to the cylindrical ribs (42).
Furthermore, in the present embodiment, the number
20 (2r) of the board-shaped ribs (41) and the number (2Zb) of
the blades (6b) of the fan (6) are relatively prime, and
when the midpoint position of the curve (C;) formed by the
air outlet end (41b) of each of the board-shaped ribs (41)

and the midpoint position of the curve (C;) formed by the

25 rear edge of each of the blades (6b) of the fan (6)
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the direction of the radius of the fan (6). In other words, the angle (O
.-r) at which the board-shaped ribs (41) are installed (Refer to Figure 5)
is designed to be approxinmately equal to the angle 0 i) (Ref er to Figure
8) 5 of the current just generated by the fan (6) in the position (Rcmax)
‘(Refer to Figure 13) in the direction of the radius of the fan (6) where

t he speed conponent (CZ2) of the current fromthe fan (6) in the axial

di recti oncoincild | afsgst €achi sogahpiroxiwiile! yrespéotm to tlae duetacen 10
of the radius of the fan (6). As stated above,, the speed conponent of the

current | t t f s XikaLadh eciy [ red
by a predgggbﬁ%g%?l@eﬁegxbeﬁtﬁe% %%P itaﬁft Kg of grﬁ Sﬁggﬁe(fﬁ‘#%éq@t he
ot her han

as_shown in Fi.gur .. 15 due to Jaw of conservation of angul ar

nnnentun1?Fhe Spke%recgﬁﬁbaBﬁ? gP SREUTATR ?Fgﬁthe fan (6) in the
circunferential direction is maintained at the opening of the fan guard

(4). Consequerkhys, t Ranggryltrg CAUMBELWEF) t RE hey berFdeeharednhdrthe

direction tangent to the 20 current flowing into the fan guard (4) is
| ar gerd t hgdlphandargdie fumbenf (Zhe odr tde hladege(ebht off bhet Hfarf a6 6) .
In addition, as shown in Figure 14, the angle (0 i) of the current just
gener at edaky thd dtivdDy pehne,t ahencivmberagzr)t @ftthel bdard-shdpedub

(6a) than in the position

ribs (41) does not agree with a multiple of the number

(z2b) of the blades (6b) of the fan (6). Moreover, as

shown in Figure 10, when the curve (C;) formed by

10 projecting each of the rear edge of the blades (6b, 6b-:)

of the fan (6) is rotated in such a manner as to make the

midpoint position of the curve (C;) agree with the

midpoint position of the curve (C;) formed by projecting

the air outlet end (41b) of each of the board-shaped ribs

15 (41) on a surface perpendicular to the rotation axis (O-

0’) of the fan (6), these curves (C,, C;) cross each other.

In general, the current just generated by the fan (6)

having a speed component in the direction of rotation of

the fan is influenced by a boundary layer or a split

20 region developed on the negative pressure surface of the

blade (6b). Consequently, there are main stream portions

having a current with high velocity among the blades (6b,

6b:--) and rear stream portions having a current with low

velocity in the vicinity of each of the blade (6b, 6b-').

25 When seen from the plurality of board-shaped ribs (41)
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25 (Rcrmax) (Refer to Figure 13, too) in the direction of the 49 radius of
.the f an (6) where the speed conmponent (CZ2) in the axial direction of the
current fromthe fan (6) is the largest. Consequently,, it is pretty
difficult to design the angle ( O r) of installnent in a manner to nake
-the 5 angles (0i) and (On) equal to each other. 10 Therefore, in the
present enbodi nent,, the curve (Cl) forned by projecting the air outl et

end (41b) sqiecatild thég atar ahi by stfathionigkyhepateri bhe( Ab)imnstreanf ace

perpendicular to the rotation axis of the fan (6) is a curve where the

angles (e Ref. t I g 7) Lch CUnLGY fopEs W
directi ong%)é:ﬁ]:d'g)rﬁgtog?‘ﬁe I'I'E)!I%ura é|Mt11§/ o?k‘g%f‘f“nd icatfﬁh;%s (g) gitif(ﬂ)fwé rotf'n
inside to Q%tside in the dirgction, of the radius of .the f

Furt her noVELOCHHRS or BEER: <HBBARHENt Y B%e &ldie (BLF; atgqgga%iﬁﬁl?he

board-shaped ribs (41) are installed (Refer to Figures 5 and 9) is
desi gned BdteEnageldki math$y dqiesuls . t kBeangnELaces; ) ofrcthre thPaxdure 8)
of the current in the dianetrical position (Rcnax) where the speed
conporfent sh@ped) pibshe(4ly r havef rampriessiare (61 ucthuiaidoaxi whos20 mAimct i on
Is the largest. As a result, as shown in Figure 9, in the dianetrical
component is a frequency corresponding to the product of
the number of revolutions N of the fan (6) and the number
(Zb) of the blades (6b, 6b-), which causes so-called NZ
noise.

10 However, in the present embodiment, the number (2r) of
the plurality of board-shaped ribs (41) and the number
(zb) of the blades (6b) are made to be relatively prime,
thereby making it possible to shift in time the
interference between the rear streams of the blades (6b)

15 and the plurality of board-sﬁaped ribs (41) arranged in
the circumferential direction. As a result, the NZ noises
have different phases in the direction of the radius of
the fan (6), which makes the NZ noises weaken each other,
so as to reduce the occurrence of the NZ noises.

20 Oon the other hand, when the curves (C;, €C;) are
designed to coincide with each other, the NZ noises
increase remarkably. To be more specific, when the curve
(C;) formed by projecting the rear edge of each of the

blades (6b) of the fan (6) is rotated so as to coincide

25 with the curve (C,) formed by projecting the air outlet
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position (Rcmax) where the speed conponent (CZ2) of the current fromthe
.fan (6) in the axial direction is the largest, the substantial angle ( 19
rs) at which the ribs 25 are installed against the current fromthe fan (6)
can be 50 designed to approximately agree with the angle ( 9 n) (Refer to
-Figure 8) between the axial direction and the direction tangent to the
current flowng into the fan guard (4). 5 In that case, the curve (d) is

a curve wepde {(Agb)angtesed@r) othi athd hboawdwsHaged f eritss Wi )then a
direction tangent to the plurality of cylindrical ribs (42) grow from

angl e (9 FERc BRrpRIagEhrg b Chl T EEtin Vaxig HOT) ) Cbr CEfletE
ConsequentrP (4 °bbyEeREnetaRar BE: She drmiadite T0emr Efeofahol &)1 ment
beconmes | arger on the hub (6a) side than in the dianetrical position
(Rcmax) wRaes tHarewghd thenRprrd-shapedy)rihs ¢ k41QurkenEher sik9RE1AR (6)
in the axial direction is largest, so that it agrees with the current
actualdy bifoviing) radaushef abhgudiach (¢§) ¢ RefMivist oreémankabdy. imcrgmswsin
Figure 9, the cylindrical ribs (42) are

the NZ noises resulting from the interference between the

rear streams from the blades (6b) and the board-shaped

ribs (41).

Therefore, in the present embodiment, the curve (C;)

10 and the curve (C;) are designed to cross each other. To be
more specific, the curve (C,) and the curve (C;) cross each
other when the curve (C;) is rbtated so that the midpoint
position of the curve (C;) formed by projecting the air
outlet end (41b) of each of the board-shaped ribs (41) on

15 a surface perpendicular to the rotation axis (0-0’) of the
fan (6) agrees with the midpoint position of the curve
(C;) formed by projecting the rear edge of each of the
blades (6b) of the fan (6) on a surface perpendicular to
the rotation axis (0-0’) of the fan (6).

20 This structure can shift in time the interference
between the rear streams of the blades (6b) and the
plurality of board-shaped ribs (41). As a result, the NZ
noises have different phases in the direction of the

radius of the fan (6), which makes the NZ noises weaken

25 each other, so as to reduce the occurrence of the N7
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20 curved in the outward direction which is the centrifugal direction and
.also inclined in a surface perpendicular to the curve (). As a result,
air diagonally runs the length of the cylindrical ribs (42). The
cylindrical ribs (42) have a larger curvature outside than in the center,
25 so that the angle of inclination (the substantial angle 0 51 rs of
installment) of the cylindrical ribs (42) beconmes |arger on the hub (6a)
side in thgiddsction tangent to the circle with the rotation axis (0-0")
as its center. Therefore, the effect of reducing noise can be 5 obtained

only by Cont”H'ﬁ%ﬁe%gg?%g@éﬁftg £heOBﬂdv%—4%§é€#5?%2sEQ%dy§f§¥r%ﬁ?Le

position (RcmaX . . Speed component  ( curren rom
angl ¢ ( 9TAR HNEE | ((DosERDl B nIRTHE S L ARl oL LRgmA R {aingT
installment in all positions in the direction of the radius of the fan (6)
agrees wi tther hefipetscupfentreduringut thenproigead ardt ipreventheganghe (9
r)y at which the board-shaped ribs (41) are installed in the direction of
t he rdili uscocurtremdenrofl G .slert césoltit.t he 15 effect of reducing the noise
can be obtained by a sinpler design. In Figure 9, LR indicates a line
perpendi cul ar A® shown in Figure 4, in the fan guard (4) of the
present embodiment, the board-shaped ribs (41) are
designed to be arc in cross section at the air inlet ends
(4la) and the air outlet ends (41b), and to be gradually

10 thinner in the direction from the air inlet ends (41l1a)
towards the air outlet ends (41b).

The air inlet ends (4la) of the board-shaped ribs (41)
could be arc in cross section as shown in Figure 11 (A);
however, such a shape causes a high pressure loss at the

15 air inlet ends (4la), thereby causing large splits of
current on the negative pressure surface side. As a
result, the air inlet ends (4la) of this shape are highly
likely to cause a pressure fluctuation on the rib surfaces,
which develops noise of a high level.

20 Since the current from the fan (6) fluctuates over
time, the angle at which the current flowing into the
board-shaped «ribs (41) of the fan guard (4) also
fluctuates over time.

Therefore, it is preferable that the air inlet ends

25 (4l1la) of the board-shaped ribs (41) are designed to be
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the curve (d), and LP indicates a line parallel to the direction tangent
to the cylindrical ribs (42). Furthernore, in the present enbodi nent, the
nunber 20 (Zr) of the board-shaped ribs (41) and the nunmber (Zb) of the
bl ades (6b) of the fan (6) are relatively prinme, and when the m dpoint
‘position of the curve () fornmed by the air outlet end (41b) of each of
t he board-shaped ribs (41) and the m dpoint position of the curve (C2)

formed byappeozximatalyedgecofircackosk tdecbiofesd 6bhaef the paredHird?2
coincide wth each other with respect to a surface perpendicular to the

rotation axjgthdrq lb)nhc;r{"etﬁ?e CH{ ¥ eSurfacesCoari e dPE4G08H te‘?ff‘ér&:?ﬁéﬁﬁg the

ot her. Thus, since e nunpber (Zr) of the board-shaped ribs

nomber (2578t Hhe T S?ea%f b yﬁgée%%ﬁagr% & HRES e 1 e
of the nunber m%Zb) of the bl ades £ %Bof the fan ( . Nbreover as shown
in Fi gur 228rdnfbaPede Kihs, 4kp) L orhBatES ﬂy%ﬁ ing each of the rear

edge of the bl ades (6b, 6b. ) of the fan (6) is rotated in such a nanner
as toSmake thdn rfmmt)maspesrthueoram: intetuends( (A2a)grezn wpeh vidmrious
m dpoi nt position of the curve (GL) forned by projecting the air outlet
end (41lb)skipeschindludindoetied- shepahowbsin Figure 11 (B) where the
end (42a) is thickened to be shaped like a circle, the one
shown in Figure 11 (c¢) where the thickness is equal, and
the one shown in Figure 11 (d) where the thickness 1is
10 reduced from the upstream side towards the downstream side.
However, when the thickness of the air inlet end (415)
is increased like a circle as shown in Figure 11 (B), the
effect of preventing split of current is not sufficient in
the downstream side of the negative pressure surface.
15 Therefore, the one shown in Figure 11 (¢) or 11 (d) is.
preferable.
In the cross sectional profiles of the air inlet ends
(41la) shown in Figure 11 (c) and 11 (d), the pressure
fluctuation on the rib surfaces can be effectively reduced
20 even if the angle at which the current goes into the
board-shaped ribs (41]) fluctuates over time, thereby
further improving the above-mentioned effect of‘reducing
the noise.

The fluctuation over time in the angle at which the

25 current goes into the board-shaped ribs (41) of the fan
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15 (41) on a surface perpendicular to the rotation axis (0- 01) of the fan
(6), these curves (O, C2) cross each other. 1In general, the current just
generated by the fan (6) having a speed conponent in the direction of
rotation of the fan is influenced by a boundary layer or a split 20
Tegi on devel oped on the negative pressure surface of the bl ade (6b).
Consequently, there are main stream portions having a current with high
velocity goafd t(dg himdesadéd, asbht. geksarmdossar 6 rehe pealr edydmvofg a
current with low velocity in the vicinity of each of the blade (6b, 6b..

). 25 WeRpgeqn Jdeun {68) Pbyr alrid Yeh 8g.d- déPe1$ 411033 Bldipevhi | e

they are in a stationary state, the main"stream portions and the rear

stream portions of, differe ities o] th i . .l.nlet ds
(e arpepfaPofy eods rHberSndi. iR EREE BAR W ol s Fann Bl o
(41) have a _pressure fluctuati pn whose main conponent is a frequency
correspon&#ﬁngStgﬁé FYARRET o1 $h&Snunber of revolutions N of the f an
(6) and the nunber (Zb) of the blades (6b, 6b--- ),, which causes

so-cald ed Nz Obi the mthemehand, nikhdhe ecane aitrieendie ahe AumRE (Zr)
of the plurality of board-shaped ribs (41) and the nunber (Zb) of the

bl ades (6bhdar 41mje dxe bdesdhakidvedo/ Ipei nearly arc in cross section

as shown in Figures 11 (¢) and 11 (d), if the air outlet
ends (41b) are rectangular in cross section like the one
in Fiqure 12 (A), vortexes occur in the downstream side,
10 which causes pressure fluctuation. Therefore, it is also
preferable that the air outlet ends (41b) are nearly arc
in cross section as shown in Figures 12 (B) and 12 (c).
However, these profiles are not the only condition to
make the current from the positive pressure surface and
15 the current from the negative pressure surface of the
board-shaped ribs (41) be smoothly mixed in the downstream
side of the rear edges, which are the air outlet ends
(41b) of the board-shaped ribs (41).
In the fan guard (4) of the present embodiment, the
20 board-shaped ribs (41) are designed to be arc in cross
section at the air inlet ends (4la) and the air outlet
ends (41b), and as shown in Figure 12 (b), the thickness
(T;) of the air outlet ends (41b) is designed to become
gradually smaller than the maximum thickness (T,) of the

25 air inlet ends (41la).
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thereby making it possible to shift in time the interference between the

srear streans of the blades (6b) 15 and the plurality of board-shaped ribs

(41) arranged in the circunferential direction. As a result, the NZ noi ses
have different phases in the direction of the radius of the fan (6), which

‘makes the NZ noi ses weaken each other, so as to reduce the occurrence of

the NZ noises. 20 On the other hand, when the curves (Cl, C2) are designed

to coi nci de withugachhet hesardhehbifedoi silss i(4ANcaster ey ikpied . t&0 be nore
specific when the curve (C2) forned by projecting the rear edge of each

of the 6 of; ot oL at o] n 2 h the
curve (CI gg? Q% pj)'rnor%f:%%g%%g%ﬂ %gt%g{éS?lﬁgndlq‘(%Lﬂb)egggea ﬂ? t he

boar d- shaped ri 41) qn._a ce ar t rotation

(6-0%) of S 5 S PR T AR AT oL B MR T RS
pass through t he board shaged ribs (41) in the direction 5 of the radius of
the f an EBickngss r €Fak k8B| Fhencrths@iitliatfe KPAfFoi(dlb) c3LPt idRF¥IRAA L he

i nterference between the rear streans fromthe blades (6b) and the

boar d-shaped gradsaldy) . b&bemef osmallert iehanesre arbuidiurentthidieness ve

(C) 10 and the curve (C2) are designed to cross each other. To be
(T,) of the air inlet ends (4la). These designs facilitate
the mixing of current from both sides of the rib surface
which occurs immediately after the downstream side of the
rear edges of the board-shaped ribs (41), thereby making

10 it harder to develop vortexes behind the ribs (41). As a
result, these effects can be fully exerted even when it is
necessary to increase the thickness of the ribé (41) 1in
order to provide enough strength.

As shown in Figure 4, the air inlet ends (42a) of the

15 cylindrical ribs (42) are more protruded forward than the
air inlet ends (4la) of the board-shaped ribs (41), while
the air outlet ends (42b) of the cylindrical ribs (42) are
more protruded toward the rear than the air outlet ends
(41b) of the board-shaped ribs (41).

20 When the blades (6b) of the fan (6) pass through the
positions of the board-shaped ribs (41), it 1is inevitable
that some vortexes occur on each surface of the board-
shaped ribs (41). On the other hand, the cylindrical ribs

(42), which are along the current from the fan (6), cause

25 almost no vortexes.
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nore specific, the curve (Cl) and the curve (C2) cross each other when the
curve (C2) is rotated so that the mdpoint position of the curve (d)
formed by projecting the air outlet end (41b) of each of the board-shaped
ribs (41) on 15 a surface perpendicular to the rotation axis (0-01) of the
fan (6) agrees with the m dpoint position of the curve (C2) formed by
projecting the rear edge of each of the blades (6b) of the fan (6) on a
surface perperibwever, t whephetliot atironrbdts éAd81)(a¥a) heff ahel Boar®-Thi s
structure can shift in tinme the interference between the rear streans of

the bl adegha@ed apspsheaP) Uradld t o2k BORGEr8H8RE L KA DS t(h‘él)aifz | iggul't,

the NZ noisées have different phases in the direction of the us of the

fan (6), i,ch S e | en .25 e other, so as to reduce

t he occur \Fé"gﬁl%e (%%he&ﬂztgg %g?ég'??%%ﬁusr,lzoasccggg?hgvP5tFﬁ‘gsa6’&Feu-lﬁie§ ri bed
structure, .the jan,g ardﬁéﬁg%can be further thinned, while maintaining the
effects ofPfedid ny fﬁ@ s(488) pPdy it n§YLHBArE GRde uF ERFPicd 42) alBhort

circuit. As shown in Figure 4, in the fan guard (4) of the present
enbodidrenthet heosbipasshupeder | bbe( 419ardeshapedgnsilbso bélyr candh cthmss
section at the air inlet ends

cylindrical ribs (42) cross each other.

Therefore, in the present embodiment, the air inlet
ends (42a) of the cylindrical ribs (42) are more protruded
than the air inlet ends (41la) of the board-shaped ribs

10 (41) so as to prevent the occurrence of vortexes at the
air inlet ends (42a) of the cylindrical ribs (42).
Consequently, the noises caused by the occurrence of the
vortexes can be prevented.

The fan guard is usually molded by pulling out two

15 molds in the direction of the air inlet ends (4la, 42a)
and the air outlet ends (41b, 42b) of the board-shaped
ribs (41) and the cylindrical ribs (42).

In this case, if the air inlet ends (4la) and the air
outlet ends (41b) of the board-shaped ribs (41) were more

20 protruded than the air inlet ends (42a) and the air outlet
ends (42b) of the cylindrical ribs (41), undercut or other
problems would occur at the portions where the board-
shaped ribs (41) and the cylindrical ribs (42) cross each
other. As a result, it would take time to mold the fan

25 guard (4).
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(41a) and the air outlet ends (41b), and to be gradually 10 thinner in the
direction fromthe air inlet ends (41a) towards the air outlet ends (41b).
The air inlet ends (4l1la) of the board-shaped ribs (41) could be arc in
cross section as shown in Figure 11 (A); however, such a shape causes a
high pressure loss at the 15 air inlet ends (4la), thereby causing |arge
splits of current on the negative pressure surface side. As a result, the
air inlet endsriedefooé, t liirs shepereseht ghinwerdticn y thecamstdangr ebsure
fluctuation on the rib surfaces, which devel ops noise of a high level. 20

Since the iR Rt ( fl hOR
which tho eair g‘%tatfe{%vr%gﬁﬁ%ggtﬁge piz dli?;slﬁe;tpgéé&é? bgh?gl) s A %%guard

(4) also _fluctuates,ove iJre. Jh rq%or kLt 1S ef er.abl e t the air
(et ondgutdBY G ERps! Cadp o 0t Hiipe fribbaFiepis, EiRE S $AB « FoEfss
appr oxi mat e arc in _cross section so that_ the fressure fluctuation on the

|
rib surfaE€9¥E&ﬂeﬂeqnﬁﬂuﬁkﬁe?%%c%P@@Fyquﬁyﬁ4 a) Rndnghe Frufthlete

current goes into the board-shaped ribs (41) fluctuates over tine. 5 In
t hat éhse?ndﬁe(&ﬂbﬁ|ﬂﬂﬂth9uhpqﬂ5a§hGHﬁdbﬁibarKdd@- shapes incl udi ng the
one shown in Figure 11 (B) where the

In order to take countermeasures against noise due to

the vortexes, the air inlet ends (42a) of the cylindrical
ribs (42) can exclusively be more protruded than the air
inlet ends (41la) of the board-shaped ribs (41).

10

-MODIFIED EXAMPLE-
In the embodiments described hereinbefore, as shown in
Figure 4, the cylindrical ribs (42) have the same effects
as the board-shaped ribs (41) as a result that the air

15 inlet ends (42a) are designed to be approximately arc in
cross section. The cylindrical ribs (42) have an
approximately uniform diameter from the air inlet ends
(42a) to the air outlet ends (42b) as shown in Figure 11
(c) so as to facilitate molding performance.

20 Instead, the cylindrical ribs (42) can have the same
structure as the board-shaped ribs (41). To be more
specific, as shown in Figure 12 (B) or 12 (c), in.the
cylindrical ribs (42), the air inlet ends (42a) and the
air outlet ends (42b) can be arc in cross section, and the

25 thickness (T:) of the air outlet ends (42b) can be made
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end (42a) is thickened to be shaped like a circle, the one shown in Figure
11 (c) where the thickness is equal, and the one shown in Figure 11 (d)
where the thickness is 10 reduced fromthe upstream side towards the
downstream si de. However, when the thickness of the air inlet end (41a)

is increased like a circle as shown in Figure 11 (B), the effect of
preventing split of current is not sufficient in the downstream side of

t he negat gradmaddyuremaliéacethdd Ther afay fmymt d iekmedOWTI N bifgutke 11
(c) or 11 (d) is preferable. In the cross sectional profiles of the air

inlet endgjir(4hdetshais i(gdagure 11 (c) and 11 (d), the pressure
fluctuation on the rib surfaces can be effectively reduced 20 even if the

angl e at whic g [ : . rd-.shap Lib 41) fluectuates
over tine, threbr&e'{gecﬁ?%é€%f ?E\rﬁp? ov&(nigltr{gﬁfel aogvgf-l?f%nt ?gﬁéd %?'ﬁegroo 1de
reduci ng %he noi se._The fluctuation over tine in the angle at which the

25 cur r enth§oame,&f fatk A5 qtRRaBearArshapes okbs nedihn 57 can be
obt ai ned. - EVMBODI MENT 4 Figures 17 and 18 show t he outdoor unit (50) which
is 5%& heat source side unit of ~EMBORIMEA¥hd+ i oni ng devi ce of

Figure 15 shows the structure of the fan guard of the

air blowing unit of Embodiment 2 of the present invention.

In the present embodiment, the sealing plate (43)

which is shaped like the frame (4a) of Embodiment 1 is

10 rotated by 45 degrees on the rotation axis (0-0’) of the

fan (6). In other words, the sealing plate (43) is so

arranged that its diagonal lines are in the vertical and

horizontal directions. The other features of the
structure are identical with those of Embodiment 1.

15 In this structure, the same effects as in Embodiment 1

can be obtained.

~-EMBODIMENT 3-
Figure 16 shows the structure of the fan guard of the
20 air blowing unit of Embodiment 3 of the present invention.
In the present embodiment, the sealing plate (43) of
the same structure as in Embodiment 1 is designed to be a
circle concentric with the rotation axis (0-0’) of thé fan
(6).

25 In this structure, the same effects as in Embodiment 1
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Enbodi ment 4 of the present invention. Like Enbodinment 1, the fan guard (4)
is applied to the outdoor unit (50). Although it is not illustrated, the
outdoor unit (50) is connected with a plurality of indoor 10 units, which
are user's side units connected by a refrigerant tubing to forma
refrigerant circuit between the outdoor unit (50) and the indoor units.
Unli ke in Enbodi nent 1, the casing (51) of the outdoor wunit (50) is oblong
rect angul ean bee attdirged 51) i ncludes 15 a conpressor, a heat exchanger
and two fans, which are not illustrated. The both side surfaces and the
back surface of the casing (51) include a nunber of fine pores which form
the air inlet (52). At the top of the casing (51), two cylindrical bell 20

mout hs (53, 53) are protruded cor %qgl tp the two fans. The top end
surface of each bell nouth (53) i§ﬁ§§ES|éﬂg%‘fo be the outlet (54). At the

top end of the  bell th (53), the fan guard (4) is.installed. The fan
guard (4), \Ahtilrﬁ%e%gi aﬂ§§| 8 isrP‘E‘ﬁbBBFnﬁh‘ttdo?EF) unit (3@ gwddalh b
circular in the present enbodinent. 63 As a result, the frane (4a) of the
fan gdarda( heats seuyeel aidesumitarof ot Bebedinverandit iowifgndevice (otf
conpri ses _

Embodiment 4 of the present invention.

Like Embodiment 1, the fan guard (4) is applied to the
outdoor unit (50). Although it is not illustrated, the
outdoor unit (50) is connected with a plurality of indoor

10 units, which are wuser’s side wunits connected by a
refrigerant tubing to form a refrigerant circuit between
the outdoor unit (50) and the indoor units.

Unlike in Embodiment 1, the casing (51) of the outdoor
unit (50) is oblong rectangular. The casing (51) includes

15 a compressor, a heat exchanger, and two fans, which are
not illustrated. The both side surfaces and the back
surface of the casing (51) include a number of fine pores
which form the air inlet (52).

At the top of the casing (51), two cylindrical bell

20 mouths (53, 53) are protruded corresponding to the two
fans. The top end surface of each bell mouth (53) is
designed to be the outlet (54). At the top end of the
bell mouth (53), the fan guard (4) is installed.

The fan guard (4), which is rectangular in Embodiment

25 1, is designed to be circular in the present embodiment.
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an approxi mately rectangul ar sealing plate (43), board- 5 shaped ribs (41),
and cylindrical ribs (42) all of which have the sane structure and effects
as in Enbodinent 1. The fan guard (4) of Enbodi nent 4 can be a nodified
exanpl e of Enbodi ment 1. Enbodi ment 4 has two fans and two fan guards (4);
10 however, the present invention can be realized by providing one fan and
one fan guard (4). Instead, it is possible to provide nore than two fans
and nore @Asanat weshah,guahds f¥ame Thetd pn wiiartdee (4anof ghalrddi gant 4scan
be replaced by 15 the fan guards (4) used in Enbodi nent 3. To be nore
specific, dikewigati ng plate (43) can be a circle having the sane axis as
the rotation axis (OO ) of the fan (6). On the contrary, the fan guards

4) of Enbodi . ag b Xi,mat e ngl e |Lke,in Enbodi nent 1.
,(As) a 20 resul {?{%ﬁféla?r gﬁe??%‘}ﬁgeﬁ?hé'f aﬁhéugtf’@sggqﬁréaﬁ%e CAMRT B FHat el v
rectangul ar.. _In Enhodinents 1 to 4, .the board-shaped ribs §41) of the fan
guar ds (4?nar@pBEP§éEaGgﬁﬁhrH?CFR§B@&&F h8féddng PhatBoaf 3 tnagerR¥dbs

(41) of the present invention can be 25 inclined straight in the direction
of rothti 6haped heibsn(@d)a and cylindrical ribs (42) all of which

have the same structure and effects as in Embodiment 1.
The fan guard (4) of Embodiment 4 can be a modified
example of Embodiment 1.
Embodiment 4 has two fans and two fan guards (4);
10 however, the present invention can be realized by
providing one fan and one fan guard (4). Instead, it is
possible to provide more than two fans and more than two
fan guards (4).
The fan guards (4) of Embodiment 4 can be replaced by
156 the fan guards (4) used in Embodiment 3. To be more
specific, the sealing plate (43) can be a circle having
the same axis as the rotation axis (0-0’) of the fan (6).
On the contrary, the fan guards (4) of Embodiment 4 can be
an approximate rectangle 1like in Embodiment 1. As a
20 result, the frames (4a) of the fan guards (4) can be
approximately rectangular.
In Embodiments 1 to 4, the board-shaped ribs (41) of
the fan guards (4) are curved outward; instead, however,
the board-shaped ribs (41) of the present invention can be

25 inclined straight in the direction of rotation of the fan
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(6) froma point on the inner circunference to a point on the outer
Lircunference. | NDUSTRI AL APPLI CABILITY 5 As descri bed hereinbefore, the
fan guard of the air blowing unit and the air-conditioning device of the
present invention are useful to any apparatus provided wth a fan, and
barticularly suitable to the heat source side unit of the air-conditioning
device. 10 65 WHAT IS CLAIMED IS: 1. A fan guard of an air blow ng unit
conpri si nq6)a fremea( palintr caANosse ainyed PN En®é 88 a potn®OUbhet
(2a) of a fan (6); and a plurality of board-shaped ribs (41, 41... )

ext endi ngtherdaldy diPMumRedLeh8kLY of the center of the frane (4a)

outward in a direction of a radius of the fan (6), wherein the plurality of
boar d- shaped ribs (41) are 10 outward curved in a direction of rotation of
the fan (6) and also inclined in a direction of air blowng fromthe fan

(6). 2. Afan guard of an air blomjga.unit conprising: 15 a frane (4a)
arranged around a peri met er INPUSERIAL ARRLIGABILITY{ 5 fan (6);

5 As described hereinbefore, the fan guard of the air
blowing unit and the air-conditioning device of the
present invention are useful to any apparatus provided
with a fan, and particularly suitable to the heat source
gide unit of the air-conditioning device.

10
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a plurality of board-shaped ribs (41, 41) extending radially froma
vicinity of the center of the frane (4a) outward in a direction of a
radius of the fan (6); and 20 a plurality of nearly cylindrical ribs (42,
42 ) which are integrated with the plurality of board-shaped ribs (41, 41
) and arranged concentrically around a rotation axis (0-0") of the fan (6)
at predetermined intervals in the direction of the radius of the fan (6),
25 wherein the plurality of bowHATsbspedAIMED (¥l 41) 66 are curved
outward in a direction of rotation of the fan (6) and also inclined in a
direction of air flowwng from the fan (6). 5 3. A fan guard of an air

bl owi ng unit conprising: a frame (4a) arranged around a perineter of an air

outlet (2g) of pa n a f rd- bs 41, 41
extendlgg )radlaf%% ﬂ%onla VIé%%P gt #1%%19 %th 6$Qﬁ£ %é E4a) 1%
outward in a dlrectlon 0 radlus of the fan (6), mhereln aline (A
connecting an i FTaM& (éﬂg (3EEFNISHd BHPUNG SutPRFIBRECTA1DS 8P eddk of

t he pIurallty of board-shaped ribs (41) in a cross section perpendicul ar
to a dineutdet i Gaerehyat fanai(f)eud end (41b) of each of 15 the
plurality of board-shaped ribs (41) is inclined froma
a plurality of board-shaped ribs (41, 41--) extending
radially from a vicinity of the center of the frame (4a)
outward in a direction of a radius of the fan (6),
wherein the plurality of board-shaped ribs (41) are
10 outward curved in a direction of rotation of the fan (6)

and also inclined in a direction of air blowing from the

fan (6).

2. A fan guard of an air blowing unit comprising:
15 a frame (4a) arranged around a perimeter of an air
outlet (2a) of a fan (6);

a plurality of board-shaped ribs (41, 41-+) extending
radially from a vicinity of the center of the frame (4a)
outward in a direction of a radius of the fan (6); and

20 a plurality of nearly cylindrical ribs (42, 42 )
which are integrated with the plurality of board-shaped
ribs (41, 41 - ) and arranged concentrically around a
rotation axis (0-0’) of the fan (6) at predetermined
intervals in the direction of the radius of the fan (6),

25 wherein the plurality of board-shaped ribs (41, 41--)
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rotation axis (0-0'") of the fan (6) by a predetermned angle (6 r) of
tnstallment in the direction of rotation of the fan (6), and a point (P2)
on an outer circunference of the air 20 outlet end (41b) of each of the
plurality of board-shaped ribs (41) is positioned. at a point rotated in
the direction of rotation of the fan (6) froma straight line (B)
connecting a point (P1) on an inner circunference of the air outlet end

(41b) andaiee cwrwedoouiviard 0if)' . PErdédt fon AofFar diiti To®f o&n wié Bhaw ng
unit conprising: a frame (4a) arranged around a perineter of an air outlet

(2a) of aean 4kd; adskl Witl ive®f 1RO da?.PéBE@?hi ¥ (éfl}: lf@ovﬁ?ﬂ%n?%&g 5

radially froma vicinity of the center of the franme (4a out war

di rectionaqf radj of the fan (6); and a plurality of nearly cylindrical
ribs (42, t%f)qfav{ﬁidc#'are integrated with the plurality of board-shaped
ribs (41, 41 ) and arranged concentrically around a 10 rotation axis
(0-0") of the fan (6) at predetermned intervals in the direction of the
radius of the fan (6), wherein a line (A) connecting an air inlet end
(41a) &nd3an ahrfant bearén@f{ Arb)aist khewing thé tplcomyirits/irg :

a frame (4a) arranged around a perimeter of an air
outlet (2a) of a fan (6); and
a plurality of board-shaped ribs (41, 41--) extending
radially from a vicinity of the center of the frame (4a)
10 outward in a direction of a radius of the fan (6),
wherein a line (A) connecting an air inlet end (41la)
and an air outlet end (41b) of each of the plurality of
board-shaped ribs (41) in a cross section perpendicular to
a line (C,) formed by the air outlet end (41b) of each of
15 the plurality of board-shaped ribs (41) is inclined from a
rotation axis (0-0’) of the fan (6) by a predetermined
angle (Or) of installment in the direction of rotation of
the fan (6), and
a point (P;) on an outer circumference of the air
20 outlet end (41b) of each of the plurality of board-shaped
ribs (41) 1is positioned at a point rotated in the
direction of rotation of the fan (6) from a straight line
(B) connecting a point (P;) on an inner circumference of
the air outlet end (41b) and the rotation axis (0-0').

25

67



board-shaped ribs (41) in a cross section perpendicular to 15 a line (d)
formed by the air outlet end (41b) of each of the plurality of board-shaped
ribs (41) is inclined from the rotation axis (0-0") of the fan (6) by a
predetermned angle (Or) of installment in the direction of rotation of
the fan (6), and 20 a point (P2) on an outer circunference of the air
outlet end (41b) of each of the plurality of board-shaped ribs (41) is
positioned.at A pennguaatdatedfd am die blowingi anidf comtptisiingsd the fan (6)
than a straight line (B) connecting a point (P1) on an inner circunference

of 25 the airaogirhgle epdaf4HYraged harcmi i an Fod fméfef’ Jor 68n5-ajpe fan
guard of an air blowing unit of either one of claiml to claim4, wherein

an i nner gh@@%i qr}(a()gjz%fg% the EE?UE (4a) is designed 5 to be larger than

an inner dianeter an arr’butlet edge of the air outlet (2a)
The fan guard of an air blow ng unit of

gipts}ura(raa(r)nngf 01E haecﬂf’ﬁ‘irllﬁgig{zg &W%i.k?F%ll,’dV\ﬂé?BFﬂ Fabsne(4} nedicyy msvtaRAIRGt he
air outlet end &413? of each of the board-shaped ribs (41) is a curve
wher e tn rafddpdly ofxom anivdeimndey | a8 tdie ¢enrterwoth theli fsemeon(4anngent
to the nearly cylindrical ribs (42) grows from
outward in a direction of a radius of the fan (6); and
a plurality of nearly cylindrical ribs (42, 42 :-)
which are integrated with the plurality of board-shaped
ribs (41, 41 -- ) and arranged concentrically around a
10 rotation axis (0-0’) of the fan (6) at predetermined
intervals in the direction of the radius of the fan (6),
wherein a line (A) connecting an air inlet_end (41a)
and an air outlet end (41b) of each of the plurality of
board-shaped ribs (41]) in a cross section perpendicular to
15 a line (C;) formed by the air outlet end (41b) of each of
the plurality of board-shaped ribs (41) is inclined from
the rotation axis (0-0’) of the fan (6) by a predetermined
angle (Or) of installment in the direction of rotation of
the fan (6), and
20 a point (P;) on an outer circumference of the air
outlet end (41b) of each of the plurality of board-shaped
ribs (41) is positioned at a point rotated in the
direction of rotation of the fan (6) than a straight line

(B) connecting a point (P;) on an inner circumference of

25 the air outlet end (41b) and the rotation axis (0-0’).
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inside to outside in the direction of the radius of the 15 fan (6). 7. The
fan guard of an air blowing unit of claim6, wherein said angle (O) at

whi ch the board-shaped ribs (41) 20 are installed is nmade approxi nmately
equal to an angle (0 i) at which air flows fromthe fan (6) in a
diametrical position (Rcmax) where a speed conponent (CZ) of the current
fromthe fan (6) in the axial direction is the largest and is
approximately uniformin the direction of 25 the radius of the fan (6). 69
8. The fan guard of an air blowing unit of either one of claiml1l to claim

4, wherein.a ngeeredrZqudtdt e BaaadyShARAF fd b&niélbgg'é\%]t%& ogReg ¢ ( Zb)

of bl ades (6b) of the fan (6) are relatively prine, a en a m dpoi nt

position gﬁ_ﬁtl_gp&c%q\b/?]g%ﬁ)igmggr%g_a the air outlet end (41b) of each of

t he boar d-shape poi nt position of a curve (C2) of a
rear 10 edge of each of the bl ades %ﬁb) of the fan (6) coincide wth each
other with reHbctNRYr 2ddBERSdOMd Bandiodultdie t bramee (A8) atdisodesigned- 0' ),

the curves (Cl1 C2) cross each other.
5 to be larger than an inner diameter (¥,) of an air outlet

edge of the air outlet (2a) upstream of the fan guard (4).

6. The fan guard of an air blowing unit of either one of
claim 1 to claim 4, wherein

10 the line (C;) formed by the air outlet end (41b) of
each of the board-shaped ribs (41) is a curve where an
angle (0 a) which the line (C,) forms with a direction
tangent to the nearly cylindrical ribs (42) grows from
inside to outside in the direction of the radius of the

15 fan (6).

7. The fan guard of an air blowing unit of claim 6,
wherein
said angle (6@ r) at which the board-shaped ribs (41)
20 are installed is made approximately equal to an angle (6
i) at which air flows from the fan (6) in a diametrical
position (Rcmax) where a speed component (CZ) of the
current from the fan (6) in the axial direction is the
largest and is approximately uniform in the direction of

25 the radius of the fan (6).
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15 9. The fan guard of an air blowing unit of either one of claim1l to
claim4, wherein the air inlet end (41la) of each of the board-shaped L
ribs (41) or the air inlet end (4kb) of each of the nearly cylindrical
ribs (42) are approximately arc in cross 20 section. 10. The fan guard of
an air blowing unit of either one of <claiml1l to claim4, wherein a

t hi ckness (T2) of the air outlet ends (41b, 42b) of 25 the board-shaped
ribs (41) or the nearly cylindrical ribs 70 (42) is designed to be snaller
than a maxi mum thi ckness (Ti) 11. The fan guard of an air blow ng unit of

ei ther ong.of TheClRinNdudfd Chai Gnta it &R fy Sﬁﬁ‘.li.'t_ngfpleqtt‘?\ne(r‘l%né. Sof

provided at the center of the frane (4a) corresponding to the rotation

axis (0-0chaidd1 }fbe B RUAT dwﬁ{ergrinair bl owi ng unit of either one of 10

claiml to claim erein fhe frame (4a) is approximately rectangul ar.
13. The fan guard of an air blow ng unit of either one of claim1 to claim

4, wherein 15 & h@UpbeT ((ZF)e@t (A0S Hoazs1shapede s | (41) and a
5 number (Zb) of blades (6b) of the fan (6) are relatively

prime, and
when a midpoint position of the curve (C;) formed by
the air outlet end (41b) of each of the board-shaped ribs
(41) and a midpoint position of a curve (C;) of a rear
10 edge of each of the blades (6b) of the fan (6) coincide
with each other with respect to a surface perpendicular to
the rotation axis (0-0’), the curves (C;, C;) cross each

other.

15 9. The fan guard of an air blowing unit of either one of
claim 1 to claim 4, wherein

the air inlet end (4la) of each of the board-shaped

ribs (41) or the air inlet end (4&?) of each of the nearly

cylindrical ribs (42) are approximately arc in cross

20 section.

10. The fan guard of an air blowing unit of either one of
claim 1 to claim 4, wherein
a thickness (T:) of the air outlet ends (41b, 42b) of

25 the board-shaped ribs (41) or the nearly cylindrical ribs
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cylindrical ribs (42) is nore protruded than the air inlet end (41la) of
each of the board-shaped ribs (41). 14. The fan guard of an air bl ow ng
unit of either one of 20 claiml to claim4, wherein the air inlet end
42a) of each of the nearly cylindrical ribs (42) is nore protruded than
the air inlet end (4l1a) of each of the board-shaped ribs (41), and the

air outlet end (41b) of each of the nearly cylindrical 25 ribs (42) is nore
protruded (429n ibe dmisigned etoerse (4wR)L1Ek ofhgach ohakhmuhoar ki Skapsd ribs
(41). 15. An air-conditioning device provided with the fan guard ?ﬁ? of
the air bl@aghng unit of either one of claiml 5 to claim14 conprising: a
heat source side unit (50); and a user's side unit, wherein the heat
source side unit (50) includes at |east a heat exchanger and a fan stored
in a casing (51), 10 and the casing (51) is provided with an air outlet

54 covered by the fan gquard (4). 72
(54) ?5. %he %an gugr% oé gn air blowing unit of either one of
5 claim 1 to claim 4, wherein
a sealing plate (43) is provided at the center of the

frame (4a) corresponding to the rotation axis (0-0").

12. The fan guard of an air blowing unit of either one of
10 claim 1 to claim 4, wherein

the frame (4a) is approximately rectangular.

13. The fan guard of an air blowing unit of either one of
claim 1 to claim 4, wherein

15 the air inlet end (42a) of each of the nearly
cylindrical ribs (42) is more protruded than the air inlet

end (4la) of each of the board-shaped ribs (41).

14. The fan guard of an air blowing unit of either one of

20 claim 1 to claim 4, wherein
the air inlet end (42a) of each of the nearly
cylindrical ribs (42) is more protruded than the air inlet
end (4la) of each of the board-shaped ribs (41), and the
air outlet end (41b) of each of the nearly cylindrical

25 ribs (42) is more protruded than the air outlet end (41b)
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of each of the board-shaped ribs (41).

15. An air-conditioning device provided with the fan
guard (4) of the air blowing unit of either one of claim 1
to claim 14 comprising:

a heat source side unit (50); and

a user’s side unit,

wherein the heat source side unit (50) includes at
least a heat exchanger and a fan stored in a casing (51),

and

the casing (51) is provided with an air outlet (54)

covered by the fan guard (4).
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