; $9&' () e3eSdpGSa: : ; t @nBxF6GTpG_el4 January 2004 FAN GUARD FOR Al R BLOW NG
UNI T AND Al R- CONDI TI ONI NG DEVI CE TECHNI CAL FI ELD The present invention
relates to a fan guard for an 5 air blowing unit which does not nake noise
or a short circuit while the fan is in operation (blowng air), and to an
air-conditioning device provided with the fan guard. ART 10 One npl e of
the air blowing unit is the outdoor unit of an air-condﬂtéﬁﬁﬁﬁbzgggtenl As
shown in Figures 20 and 21, an outdoor unit (20) of an air-conditioning
systemis conposed 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 outl ef-'AﬁZE@ﬂndﬂ FJr° AR Q%!wﬁsl@eﬁﬂrf%ha&ﬁskauﬂ‘ﬁﬁkm% devieggui de. A
grille-structured fan guarg 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 for air
intake (20b) on the rear sideq,gEagrdhf PASSES through the heat exchanger
(21), the propeller fan (22), the bell nmouth (23), the air outlet (20a),

and the fan ILRL gp{sg%b% niﬁ‘hér&dl%d% 52635 P Qefbﬁoxgﬂaﬁw@w Lpe front of

t he outdoor 2 as Indicated wth the arrows. 14 January 2004

The f g d oLk C e phey Jd ugal Lt protecting
ribs ?25,¥§%)b%%@2%;3ﬁﬁgzl%%%égfﬁgﬁgpg%?ing riggﬁ?g%,6§6? %%E%Ta f an- shaped

lattice. Jhe ALOLAGHINGHE B 28) ﬁ{%ﬁﬁ'e&tﬂ@%d il oWifgl QL Of ahiings 5
around the rotation axis of the propeller fan (22) ana are made froma

steel Wwirg, Wy G A SoRli€HbRind @RS pSEGIad Jit i ¥he dghabiopa of the
outward appearance. on the other hand, the supporting ribs (26) are
extended in the radial direction at predeterm ned intervals orthogonal to
the 10 rotation axis (O-0") of the propeller fan (22), and are nade froma
steel wire which is circul ar ighddaeundERRkTON. The supporting ribs (26) are
wel ded to the protecting ribs (25) so as to support them This structure of

the oyf door uid ExEMpLnoPr @hectaild BlRvipgopaldter id aBné23htipside the
outdoor unit (20), and al so makes the fan (22) harder to be seen from

out si de, dhar edy gmhapeiathditaocaxhgr isgetem. t heseshbwe casiFnguasd al so
offering a wel |l -bal anced structure in terns of design. 20 - PROBLEM
SOLUTI ON®o0 and 21, an outdoor unit (20) of an air-conditioning
system is composed of a heat exchanger (21) and a
propeller fan (22) which are stored in a box-shaped casing.
15 oOn the front side of the casing, an air outlet (20a) is
formed by a bell mouth (23), which. is a fan gquide. 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 for 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.

1




However, the above-described prior art fan guard (24) nmade from a steel
wre 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 2 14 January 2004 fan (22) passes into the fan guard
(24), it cannot snmoothly follow the surfaces of the rib 25, 2 ecause
the surfaces are circular in cross section. As a resultﬁ4§W@kH¥2%E@t IS
split by the surfaces so as to develop 5 vortexes, which leads to a
pressure | oss and nakes noise. It would be possible to reduce the pressure
| oss by formng the ribs 5,.26) flat with respective predeterm ned

wi dths. At th&g”seanga‘ﬂi ﬁﬁf‘%t (#&d1 LI PoSitbLE ts&rluc?\}%éfgt LSt 2hy
integrally making the ribs 10 (25, 26) froma synthetic resin. However, in
t hat casePlﬂﬁéléng%ﬁtP¥?¥ﬁﬁqﬂﬁg pibpel(Rer $+3n ) 2PA £l BWERELLRY o€ he fan
guard (24) includes a_ speed conponent having a predetermned nmagnitude in
the directSUEROEELPSt BN L, 248 pr SBEM &r fenrshaped lpfitdces nﬁgés t he

direction of the.air flow ng fromthe propel|er Lan 22) d'sagree with the
angl e at REPERCERRIf £ Ssdrzg&cé’sreofe¥1f1%‘q?qp st 2‘5',32%“% é“!sef R%Sthat the
currené conmes into collision wth %he flat surfaces, th rebX devel opi ng
vort ex8s. 2FAPBI| BRGSO 9% 8%4Hr BT bBE BYRP eﬁg%@& ﬁ%?%e? $hd*Sel ocity of
flow of air ge erated b hegpro el | er, fan Zﬁé di.ffers among di fferent

posi ti ons "RAST AEORI feBEFSh B M rTkitfs COFOERATT AR £395° BECKHOhn from t he

measured data _sho in Fiqure 13, the current fromthe 25 outer portions of
the bl adedt( 5987 18PER RIS ditiSe OHGHRTE 2PPRAARTEr y TOOHS 2H0SH |1 (11 o
closer to,the h (22b) than the ti (27) of . th | ades, (22a). has a higher
Celoci ty_PRE: « HBe CERPReRt AR pRe R3S 3Fb Freenied oPhche, RbiAT buti on' i
t he direction Qf th%tr adlLu toefr t.hgdf an, e2r2v) 1isnd<i:§t tes ntatlgt thet5 velocity
of the cufrBRT-HELr 84seRX FITR LUt &7 porati ong" oIPIHE bI 5des QEZZa) bot h

t owar t 2 si,de dto ds. .t Lps 7),,skde.__I.nside the outer
di ane gr ggtgﬁgb%uép%§25gfogpd?¥fg?én gopgl%%gsgége(gg §e§n§ rever se

current Whheh 9e6e G Jaanuibe dRORtLea Bla 0yt BEo bt opElla, fan (22) to

t he hub e reverse current interferes wt e current flow ng

in the in&ﬁ@dgépgafﬁ%'d%bst bseseba/r&wfg& ) itﬁé”ﬁr&ée@@irﬁf'cﬁi:qégn the air

blowi ng unit 1 s applied to the outdoor unit of an air-con ni ng

system as (gepcdd hed «aPQVBpofe S - Ci rcuit phenomenon occurs. That is, the
air flown by the propeller fan (22) after passing through the heat

exchanger (21yhspreadscowtaassl thet BacdbbeCcuingd Qhobheanadisstelfe the fan
(22) to be drawn towards the rear side,
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 weiding 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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20 and again goes into the heat exchanger (21). This shortcircuit
phenonmenon, which deteriorates the air conditioning perfornmance, nust be
avoi ded as effectively as possible. However, the current fromthe propeller
fan (22) 25 generally has a speed conmponent in the centrifugal 4 14
January 2004 direction, and tends to spread outward in the di reéhign of the
radius of the fan (22). As a result, the air flown out TRy £A84f an
guard (24) adheres to the front-side wall of the casing due to Coanda
effect, and travels 5 towards the heat exchanger (21), which may cause a
short circuit. This tendency is nore conspicuous in a case where an oblique
fan i s usé&dni n6¥%had PEFSERe %?B‘belti]?r £aR. B oddde -oFFHESIRRAENTI ON 10
Each invention of the present application has been_contrived with the aim
of sol vi n§RPRELEH SR IR AN SR TSAGEFeRE. EPR BB (32 athl) RECIHRE obj ect
the inventions are provided wth the follow ng effective problemsolving
means. 15the) SFfages REhtSIHTFOERE A ﬁoFﬁvﬁﬁngﬁ“i s iR With a frane
(4a) arranged around the perinmeter of an air outlet éZat)g 8‘; a fan (6), and
with a pl bR8l COFTERt hd&r ERNHPeBY r (HE (HTI3FES25 ) 2BxtEnITEE TR al |y from
the vicinity of the center of the frane 4al outward in the direction of
the radi uéebtexsi P’é‘ﬁcPG}?aﬁet%d%erﬁessﬁggéd PFHs2tA BakG% "0dfRard curved in

the direction of rotation of t_hﬁ@fan also inclined in_ 25 the

6)., d
direction of &Fr“PPb%i R§ PCSAPHE f8n (eéjl?ggthelfrféﬁﬂéFy 664 9 ot her

words, the first invention conprises fra 4a) .arranged ar.ound the
peri met er FRFRIME afPeouti® (24F° of tﬁé faﬂf?é), wd% a g‘ﬁﬁﬁ?ﬂ‘i’t"f of

boar d- shaped,_ri %41, 41 %%extendi radi al |y from.;_he vicinity of the
center 5 BFeYHEHHRAE (ﬁi’a%% ‘rrenstpoﬁggngs?%etﬁé'mredt atFon" 4%t (bﬁy
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 directicn 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 into 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 Figqure 13, the current from the

25 outer portions of the blades (22a) of the propeller fan
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O) 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 blowwng unit is applied to the outer unit of an air$ Ddition' system
In this case, the occurrence of a short-circuit nust be % aleaky, much
as possible 15 because it decreases the air-conditioning performnce. The
air taken in through the opening for air intake on the back side of the
casi ng passes thrqu%h a heat exchanger and _then is blown off through the
air outl et{2@2aP orittHe rleRETsFAet8F fHE (3AP)6efhantthe RéREs4id/Y to avoid
a 20 phenonenon in which the flown air is again taken in through the

openi ng f &t &he PhedRe &P PS5 PedigBerhBe et e XdREnGEF. CHEREREr, the
current generated by the fan (6) arran%gd‘upstneanyof the fan guard (4)
tends to fFEH dHFha%HPanﬁﬁé'dirEE?iﬁﬁ GF 1t he HEFHAEUBEOR heT¥ aRRE6) . 25
Consequently, if nothing is done, it is likely that the 6 14 January 2004
current fASHPEREOP At ity dFaddpsadhere £301t 2 sumidcatss EhatiFBRt wall of
the casing due to Cpanda effect and travels towards the heat exchanger on
the redr ¥PYBCLtRePELYNR aOUFTRIt 8FFH2SEEr CGPR. tBeTRBFEF oPRILLANE he fir st
invention, the plurality of board-shaped ribs (41) are curved in_the

di rect i on°bf thGt fhagFsof(22RE LTD( Fovagdsy thes W (AfPIb AR shPed ri bs
(41) makes a force (Fr) inward in the direction of the radius of the fan
(6) appl ytovaTae TRF iR ddfhaP49¥n 10 the direction of the radius of the
fan (6). Consequently, the current, fromthe fan guard (4).is prevented from
flowi ng out waldSifiet hEhi retifon HAMERET, aBFusthE (A2 { al?1%)” Vi ch

reduces the gccurrenpe of a short circuit ossihle. 15 As stated

h | e.
above. t hNALERTTENS JahaFSEaHEBy CoREST o (BICEARd SPEBRF R R HED 9965 f an guar d
4) b i i ts. i d t o th i ti f
Lol o TGP TERoR PERD BShis IR 31087 (00 Rl BERELAORONAD | a) I SRd ool O" ©
t ed . d i 20 | e, ich th
gener at edyly (5] 20,46) OBRS PRoRg CEuLIL 20 e Y G A Wi Lhe

e .
boar d- shaped are’i ns e current i's spl noi se

O L o A v G L R P

direction,gpf;Ihe 25 qhkent fromthe fan (6) agrees with the angle at which
7

Wwhen 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 phenomencn, 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 1in the centrifugal
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14 January 2004 the board-shaped ribs (41) are installed, which can reduce
the splitting of the current as nuch as possible, thereby further |owering
the noise. Since the ribs (41) of the first invention are shaped 5 |ike
boards, the current generated by the fan (6) smoothly follows the surfaces
of the board-shaped ribs (41). As a result, splitting o{ gurrent urs
| ess, which elimnates the pressure |oss and | owers thethdpREaNy )
Second I nvention The second invention is provided with a frane (4a)
arranged around the perineter of an air outlet (2a) of a fan (6), and
further with a plurality of board-shaped ribs_ (41, 41)_ .extendi ng radi al ly
from the \digiegitipnef andetasls &nt SPIERI ABLYREHel] 4 SUEREFdCPnPEhe
direction of the radius of the fan (6). The second invention ils further
provi ded wileh zadigr 85 theofEateaf?d) cyldhdf i €879 bsT 2221527 10K ch are
integrated with the plurality of boardshaped ribs (41, ﬁ%;) and_arranged
concent ri caitl \thaowghd the e rweddi dR4axirdheee® Y e HEOPEASEET at
predetermined intervals in the direction of the radius o{) the fan (6). The
boar d- shapedlri @ (the) ea®indr GBE otR waPANTd fLEGtrecit ntEPVFg?ati on of
the fan (6), and also inclined in the direction of air rovviﬁg gromthe fan
(6). 25 | rootarde wBEdBeat hexSRRRARE | (RASnt O BoMaYi §848°8 fr SAB™8~ 14
January 2004 (4a) arranged around the perimeter of the air outlet (2a) of
the fan (@ircaiphur afhis SPPBBBFY- dFapBIS i HEPFRACUAHS ) *Bxt%nlPRG radially
fromthe vicinity of the center of the fra 4a) correspondi to the
Wt PEgE %

rotation ashese encpb}igneffamdst 45°fe)ndLk % RECBFretti b of the
radi us of
DISCLOSURE OF THE INVENTION
10 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.

15

(1) First Invention

The first invention is 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
20 ) 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
25 +the direction of air flowing from the fan (6)-
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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 (OO ) of the fan (6) at 10
predetermned intervals in the direction of the radius of the fan (6) The
plurality of board-shaped ribs (41, 41) are extended in %qe di rea%ti on of
rotation of the fan (6) and also inclined in the direct]brad42%i400 owi ng
fromthe fan (6) 15 As stated before, there is a case where the air bl ow ng
unit is applied to the outer unit of an airconditioning system In this
case, the occurrence of a short-circuit mnust be prevented as _nuch as

possi bl e because qthegeciosdgesthhel 4 Ft cHNANNIGON FGMBELFBT nBNEE2MS0 The air
taken in through the opening for air intake on the back side of the casing
passes t hrdagh axraegedeREPRAhcrhanRetimeters obl SRR 8F PHFOBHh(ERG air
outlet (2a) on the front side of the fan (6). It is necessary to avoid a
phenonenowfi thehifam t(§e -f RBAN2aPFuFalHghitf tRaadd-FRapsdt AtBoigh*tne opening
for air intake and supplied to the 9 14 January 2004 heat exchanger.
However, t#le--Qurextsndingmredéatyn {B9makpanyeeitiist rebntde €RBLEEN guard
(4) tends to flow outward in the direction of the radjus of, the fan (6).
Conseq@entfy the Heme ndd)s 95aESPPRIIRT | FReFhet A2 52%47 r €8T from the
fan guard (4) adheres to the surface of the front wall o{_‘ t he casing due to
Coanda ef P8at ofndher £381 €63 oNBFHRTY P Hdft TFERSAGRr COn PRI R4S si de,

t hereby causing a short circuit. Therefore, .in ahe se%fmd. i nvF‘ai on, the
pluralityodf e o o Bnapdder inderedifyapt BeetAaelrRe’ ( hitPRi Fattion of
rotation of the fan (6). As a result, the board-shaped ribs (41) nmake a
force (Fr)Ylimhapseiextendedi fecthendbret i &f tf§t6f:l?ﬂe°f*aﬁhé6$ Bct on the
current outward in_the direction of the radjus %j t.he Ean.{(}6) o
Consequent(6y, apAealse cingidmedi ABntRfied f55° Gt £ 5 Mti B1BYEUEREEA f r om
flowng outward in_the direction of the radius of the fan (6), which
reducég t f’8®oéelr fBhte of a short circuit as much as possible. The second
invention further co ises a plyrality.of 20 ri [ iC ribs (42)
Whi oh are i nt ésﬁrafgaé%it%eﬁﬁge, Ynalddy;9f L0088 |l ahdd | RAE! Cl ¢

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 consequently, if nothing is done, it is likely that the
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boar d- shaped ribs (41) and arranged concentrically. This structure nakes
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 20 14 January 2004 a short circuit further effecti,}/‘flg. Asﬁé(ﬁt ed
above, the current generated by the fan (6) and fl ow ng H it 2 0 guard
(4) becones spinning currents having a speed conponent in the direction of
5 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

boar d- shapadrenbs fgan) thee frpsO8Rrad (49 hadka¥eenti SNEpFRELARA ARSI se
occurs. Therefore, in the second invention, the board-shaped 10 ribs (41)
are inclinde¢ ifratte @lecPforFhst 82F149 odfgtPr drRad feHESY) . 2RE a result,
the direction of the current fromthe fan (6) agrees with the _angle at

whi ch t he tfexedsshepeddsi bshe4heady e ekABRIGed O™hFRR BT e88E87 t he
splitting of the current as nuch as possible, thereby 15 further |owering

t he noi seth8rabe taes b SPPrtoflfRkl%econd invention are shaped |ike
boards, the current generated by the fan (6) snmoothly follows the surfaces
of thebboar d- Shesedorebs 1p4Dhe AELES Y odRTINTION i tfhgPHF Tk ¥enPfoccur s

| ess, which elimnates 20 the pressure |l oss and | owers the noise, (3) Third
| nvent i on bPradtahaeed n¥akEi offtl)s PreviFEdedi tH a tPrarB (& D %% r @hged ar ound
the perineter of an air outlet (2a) of a 25 fan (6}}, ;%d further with a

pl uralityretapdardo§hdbed fams(o: A% 3anGarytoobhe( PPArG150RELNdi ng
radially fromthe vicinity of the center of the frane %4a outward in the
di rect i on ¥ébst H&lp adiakesofe tFFFean(RD) . 10HaTd et AR o RERTHIRT et ai r i nl et
end (41a) and an 5 air outlet end (41b) of a board-shaped rib.(41) in the
cross secth8nrpéipendf ctParfian 68) i RPIWCHP FOFEE B Fhe EF? duttet end
(41b) of the board-shaped rib (41) is ingliged I%gmt e rotat{'_'?n axi s

(O O W0py thepAdgefeton iy HifyIT@9EsSs, PLoFPf nkl St FPREERBSAFTEtti on of

tati f 10 the f 6) In addition, int (P |
i cunt or ShEe SITANG aFfoButhe EHY CREB] FAX hd ooy Sk agedFob (41)

oSt Ui oned ot 2 POLDL 1P AL ehd ey SISk 89 She' QLALLONGP! chboz L () from

(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 intc 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 generated 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

95 current from the fan (6) agrees with the angle at which
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15 (P1) on the inner circunference of the air outlet end (41a) and the
rotation axis (OO) In other words, the third invention conprises a frane
(4a) arranged around the perineter 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 franme (4a) correspondjh%g to t&e ot ation
axis (00 ) of the fan (6) outward in the direction of tHeJARHRNY, the fan
(6) In a cross section perpendi-cular to the Iine (Cl) formed by projecting
the air outlet end (41b) of 25 each of the plurality of board-shaped ribs
(41, 41) on a 12 14 January 2004 surface perpendicular to the rotation
axi s (O Obtheppoppd-shaped)ribs |(4dd @AP dbRhettehy W i5H FAR(PEPUSR the air
inlet end (4la) of each of the plurality of board-shaped ribs (41, 41) and
a poi nt (Fhe epliksiagr ocduthet CeRET4 13 MG 3 RA9sSFed ey o EREPK ot at i on
axi s (OO%‘e_of the fan (6) by a predeterm ned angle ( B r) of installnent
in the difégthen bpwening ¥ &PLFRe fan (6). In addition, the point (P-~)
closest to the frane (4a) on the line (Cl) formed by projecting the air
outl et end (4B9pcef tBgchHibf (811 hef pthf af 1ESE PWFSAAANsRABe8NRPBY (41, 41)
on a surface perpendicular to the rotation axis (O-O ) of the fan (6) is
posi ti 8nedike BopBift FoR AWFPfeIGPREREFDPOILHOERN /) ofMPABNEYEN (6) from
the straight line (B) connecting a point of intersection (O of the
rotation &Rildoy® bhe)sprfaces ipf e (MardrghepedpréPecf{tbh: suhfake and the
point (Pl) closest to the center portion. As stated before, there is a case
wher e t he T&FR1BE ofPhbttifid ofs CHFBEPPEJOT U el Hiftre WNdfiflt cdimipates

ai rconditioning system In this case, the occurrence of a 20 short-circuit
nust be ptBfeREBISUE MAIF 289poSErhT e HedMUSE it decreases the
air-conditioning performance. The air taken in through the opening for air
i ntake on the back side of the casing passes through a heat exchanger and
then iis bl own off %hrou h.the air outlet (2a) on the 25 front side of the
fan (6?. (£) SerRResHH S 8%void a 13 14 January 2004 phenonmenon in
which the flow air is again taken in throucgeh t he, openi I%mfeor i intake

and supplied £8°t FEREF HVSRIAGEr 1oREVEFTSY hE R P geneff%ll‘)red by the
fan (6) anianogds YRSl S804 & Aid I KO (Fa§Wor 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 df 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
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5 outward in the direction of the radius of the fan (6). Consequently, if
nothing is done, it is likely that the current fromthe 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 conpris the pryrality of
boar d-shaped ribs (41) extending radially outward in thﬁfd??%ﬁiﬁ?ﬁof t he
radius of the fan (6). The board shaped ribs (41) are so shaped that the
line (A) 15 connecting an air inlet end (41a) and an air outlet end (41b)
is inclined fromthe rotation axis (OO ), and that  the rQoi nt gP ) on the
outer cira#aheremeaged aheund rtheitpesingtgr( 2LpfFhes 2f5sPEFOREA(AR)a poi nt
rotated in the direction of rotation of the fan (6) fromthe point (Pl) 20
on the inmer tdier ciamf efdnce. HEFdyitlg ofi BeagAap_aPeY kKERhi 64hukdd a force
(Fr) inwazd in the direction of the radius of the fan (6) due to the
boar d- shaped exbendidy madiaddyt Hecourthenvigénékat @8 byet Aentan ¢6).
Consequently, the current fromthe fan 25 guard (4) is prevented from

f1 owi ng outhearfdame t(H@)lAPOIIS?APQaﬁH’wyt?oégedFPéeP?—%’h Bf1¥h&°r9d?us of the
fan (6), which reduces the occurrence of a short circuit as, much_as

possi bbe. o3i tde tfee r(6)s cua¥prdf iph&hendigerhb@ht Phntar e bR dCFi ke
boards, the current generated by the fan (6) sm)othIX fol] ows. the
surfaces dfhet Hanboth)d- stribed PLBEalily  ohAsngaFbyyfFyl g‘gﬁ‘ﬁ‘ n§gB% current
occurs less, which elimnates the pressure |oss and | owers the ngise. (4)
Fourth | nuaati o4 +0)Thenifcdurahe i Ansaeraved swptbyitded MHFRLIY, afE (4a)
arranged around the perinmeter of an air outlet (2a) of a fan §6 , and
further witoard-phaped i tibof (dbar d1shapeddr ipFanged FPPCERTEHT ﬁi;yr adial ly
fromthe vicinity of the center of the fr,arreogﬁé}a) outviyard ig thaetdirection
of the 15aragpds bhet HeP¥aiops) ax#fe {3 th iHverd®®on 22  §PY he?t provi ded

with a plurality of nearly cylindrical ribs (42, 42) [ t egrat ed
with tlRe preegtrEYingd phrsdsitdfed ™ i (j&ffcgi?haﬁg giﬁgaﬁggggsgo&r’lgent rically

around the rotation axis (O-O)_of the fan (6)_at . predeterm ned 20
i nterval s tihe £rB @F) ecThEnPORTRhESY R LPé’aG]d'F%%p?%nr% (e4 ’| iq‘rile FA)

ti ir inlet 1 ' t 4
boar 0. shaged A5 epTy R ERE GFOESCRER L bnEoe bkl 2l a1 (5a Fohe (ai)

formed by the gir outl sland: (40k;abothen hoardhshangdabi brbdlinés 25
i nclined A" ma?ﬁg FOTatton axi's (o-%? y a predeterm ned 15
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 must be prevented as much as possible
because it decreases the air-conditioning performance.

20 Thé 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

25 through the opening for air intake and supplied to the
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14 January 2004 angle (B r) of installnment in the direction of rotation of
the fan (6) In addition, a point (P,) on the outer circunference of the air
outl et 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 |ine
(B) connecting a point (Pi) on the inner circunference t he ai ut | et
end (41a) and the rotation axis (O-O). In other \/\ords,“o‘{i%%n"l'%éqqgf

i nvention conprises a franme 10 (4a) arranged around the perineter of the
air outlet (2a) of the fan (6), a plurality of board-shaped ribs (41, 41 )
extending radially fromthe vicinity of the center of heO{f{arre g4a)
correspondiead texataagestat i Bawenas (O FubFetheifah 6Ff Aak8’in the
direction of the radius of 15 the fan (6), and a plurality of npearly

cyl i ndri carneiniged( amstgrap wif ciihgr efdtht §YRaRed % t RERRR diUr QEPFy of
board-shaped ribs (41, 41) and .arranged concentrical Ity around the rotation
axi s (O Ooutelrghd ¥ athq 6iimctiaade? br Fhtedafhber 041 £ T3 §PPection of
the radius of 20 the fan (6). In a cross section perpendicul ar ho the line
(Cl) fornewnsgapentdrii 4§ nRERART b8t |dé’fleen&t(4lfo)1’d$e]é’achh%"r th8 plurality
of board-shaped ribs (41, 41) on a surface pergendi cul ar tg the rotation
axis (© Ocurrentt fgomashesfanadrprd (A) 28RREREI hY EPPoPRFEREE) ®Bn the air
25 inlet end (41la) of each of the plurality of boarngliasha d. 16 14 January
2004 ribs {1, fuant analh e8i rithe PI9SH AR aitP SRR et Y4 1b7 s i ncl i ned
fromthe rotation axis (O-0') of the fan 6% by a %‘edeterm neg angle ( 8
r) of insttlaveddt Fowands dFhBcthsdt of*FBR2970n°8F the &7 (6Y“Fh additi on,
the 5 point (P=) closest to the frame,(4a) on the line (Cl) fornmed by

proj ect i ngheixebyi Fasginetd SFPrE4EhF Bt each of the plurality of

boar d-shaped ribs (41, 41) on a surface perpendicyl ar _to g rotation axis
(00 ) of th&Wereiese i 4npddet iS6F88%ar ™ eBgi"ﬂ?' rg{‘%tg uf%\{]%% é?r ection of

10 rotati f the fan (6) fromthe straight I, ' int of
|t or SBct (ko FpoPRBPed ns1Pby 4#R8n A0 SGE o (HS 1 RETR ehadthe T

proj ection surface and.the oiepé\)n(Plg%clao§:%§Lig9bttgg_ q)g)gtrg_r_sglgég&on. As

stat ed beff¥@tiPRerE % ‘ere"Thé air |'owi Ng uni t applied to

the outer unit an_airconditioni_ng . i 1i5e0@$68n bRerpsecurrence
of a shor t=%&F 68‘;? Wﬂg? epoprrceeve(n@trédlglg#u?c nagsh%o?slsiebl & because it

decr eases ttée ai r-fcq{(}]dej tf’aqpihggzgg f 0L BPLE. clPBedd Mod el | M t BROUGh the
ake on a

openi ng f P9 it ck side of the casing passes through a

neat exchanger..and bheput s & fbhieauols) be curissaehely( 2shoon e
o

front sideof the fan I'S necessary to avoid a phenonenon in which
the flgin QlifrenkS A0A RreA!EaR iglaklr Qugh {che:eRentag roenaitlovnagke and

suppli'ed to the 25 heat exchanger. However, the current generated by the
fan 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 iq the direction of the
radius of the fan (6) be converged forward due to the

effect of the nearly cylindrical ribs (42) controlling the

95 direction of the current. This prevents the occurrence of

10




17 14 January 2004 (6) arranged upstreamof the fan guard (4) tends to
flow outward in the direction of the radius of the fan (6). Consequently,
if nothing is done, it is likely that the current fromthe fan guard (4)
adheres to the surface of 5 the front wall of the casing due to Coanda
effect and travels towards the heat exchanger on the reﬁ‘{ si de éé@%{eby
causing a short circuit. Therefore, the fourth inventi oht dBRYATY he
plurality of board-shaped ribs (41) extending radially 10 outward in the
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 (41la) and the air
outl et enc (bt cdrengti freckeromifiketivebYion axis (OO, and that the
point (PZ) on the outer circunference of the air 15 outlet end (41b) is
posi tioned at As puiatted gbgved thet Reraepriecisniraded dyatienan «§e fan (6)
fromthe point (Pl) on the inner circunference. Enploying the ribs shaped
| i ke this amkeflavingcelqt® ) thewafani muate di(Rdct PepPr®As t ¥@inadinds of the
fan (6) due 20 to the board-shaped ribs (41) act on the current generated
by the farrym@entSonwstient fy speed cePRRINENt off t H&1ef aBl BRI P 4PLi s
prevented fromflow ng outward in the direction of the radius of the fan
(6), wWhi clrotagdeasofhehectan rehice 8F & sAdDRIt it Uihe s3rRGERCRSOHossi bl e.
25 The fourth invention further conprises a plurality of 18 14 January
2004 near |bhec\purggnic generpted 40y ®ARch2Ar 6) ndegfabel fAPTRSt Wath
board-shaped ribs (41) and arranged concentrically. This structure makes
t he whol e thgrr @glen eke WhiektiBhe of bededshapgd of ibfe f4&h) (63 Be
converged forward due to the 5 effect of the nearly cylindrical ribs (42)
control | i AgstRdlafly cbhe ggienthdsc§PLdht andr {56 8GERES - t he occurrence of a
short circuit further effectively. As stated above, the current generated
by the fan (6)TPEXEIPFewi A iTheo S9°0 MaiERTdOR,) ThECc HPREIsPRARRRg 10
currents having a speed (,:orTfpne‘nt .in the direction of rot at;lLon.of the fan
(6). A8 ardbsul¢4l)i faxdelBf+iRad oA oft PENS ITEEERR fnettt eG1BY 2Pe fan (6)
does not agree wi th_the angle at which

t b d-sh drib 41
i nst al | ed T¥PRe K1F r EAR i®)spl i S afd ﬁ%?%lgce’ocgﬁ%s,ﬁr%g%m'r‘l 2% (dhd are

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 is 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




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 (OO 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
t he board-shaped ribs (41) are installed, which can reduce the bitti ng of
the current as much as possible, thereby further |ower it ﬂ%@r)ﬁ?ﬁ 3
Consequently, the plurality of board-shaped ribs (41) and the plurality of
nearly cylindrical ribs (42) becone 25 approximately symetrical with
respect to the rotation 19 14 January 2004 axis (O-O). This structure
can nore edtecuilvely erbenditg arpd skl efremsthes YLEARGEY r & atk®irrent
collision due to the disagreenent of the direction of the current fromthe
fan (6) anentée afgtbe afrafe ch?aheortwardrit i e AAHRFTIG™ Photlke resul ting
fromthe occurrence of vortexes. Since the ribs (41) of the fourth

i nvent i onraddusirhpadd ifka@ K6xrds, the current generated by the fan (6)
smoothly follows the surfaces of the board-shaped ribs (41). As a result,
splitting of Bufldest (BdcwoaneesingwApcRisl itfilRat 88410418 FEssAte | oss and
| owers the noise. (5) Fifth Invention According to the fifth invention, in
any of5thaifi pgtleb fodrt¢dlibdverft i dnkoatfeshanrdt Theddtdnif 19 of the 15
frame (4a) is designed to be larger than the inner dianeter (-~ of the
edge of theoss rseckieh P‘?@)ewpgéamté’f & Netean(gdarf® e, PRhed he i nner
dinmension ( ~ 1) of the frane (4a) is larger. than the inner_dianeter (~z)
of the edakrofoutietajendo (4db) etof 25he fOAT&afPaPeE hed Pan (Jbdr I 4), it
becones possible to prevent the current g?ene[at ed by the fan (6). from

causi ng i heekirgditemthe tatatigne 2kas) (018 L EYrﬁcPﬁ?i‘g‘f?ﬁ"ﬁ 4 hproves

the effect of reducing noise in any of the first to fourth invenftions. 25

20 14 Jamake y( 0004 ofp)inst i Hmeniy bt itdyp direction of rotation o
18 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
(4la) 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 fibs (41,

20 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 the fan (6). In a cross section perpendicular to the

line (€,) formed by projecting the air outlet end (41b) of

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

12




According to the sixth invention, in any of the first to fourth inventions,
the line (Cl) forned by the air outlet end (41b) of each of the
board-shaped ribs (41) is 5 a curve where the angle ( B a ) which the line
(Cl) forms with the direction tangent to the nearly cylindrical ribs (42)
grows frominside to outside in the direction of the raJaﬂ of t fan (6).
I'n other words, according to the sixth invention, in 10" angn@nt %irst to
fourth inventions, the line (C) forned by projecting the air outlet end
(41b) of each of the plurality of board-shaped ribs (41) 41) is a curve
where the angles ( Ba, Baw) which the |[ine (O) forns with the

di recti on SEHGERt PEEPEAGLPH ATl 12 yEbF ReRRHiPI 5a%AR | QTP Ol OF i BBE(42) grow
frominside to outside in the direction of the radius of the fan (fi). This
structure f@n Aleveht 1ine B) cEOPRPFLIMRS &r PPADE| dBe 7 Wi cAlActs
inwardly in the direction of the radius of the fan %6 fromthe

boar d- shapdd &t §89( 4f')13)2(9’ff 3P b&orfilify RIAFGEL Y h &Y ROCESsEPFPETai nst the
current fromthe fan (6), so as to increase the current resistance on the
tip sides @Pst Kélpl dlbsANBE FOFP Lol PEReCR ath Lot SrafBa (fLPhti vel y

| arge speed conponent in the axial directjon. 25 21 January 2004 (7)
Sevent R | AvertiCdANAE c SEERNEhe o rPRAL 3% ¥ | HREhth 7 ‘F'hetﬁ%“ {

invention, the angle ( 8 r) at which the board-shaped ribs (41) are

i nst al | ed biys dlePrEHeEeTBinRY apPEbRi nafelt) Rjuafinstallment in the

direction of rotation of the fan (6). In addition, the
point (P;) closest to the frame (4a) on the line (Ci)
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 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

15 the fan (6) and the projection surface and the point (P,)
closest to the center portion.

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

20 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

25 front side of the fan (6). It is necessary to avoid a
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5tothe angle ( Bi) at which air is generated by the fan (6) in the
dianetrical position (Rcnmax) where the speed conponent (CZ) of the current
fromthe fan (6) in the axial direction is the largest and is approxi mately
uniformin the direction of the radius of the fan (6). 10 In other words,
according to the seventh invention, in the sixth invent1i g% tggz ‘gl e (8
r) at which the boardshaped ribs (41) are installed is é nb'ﬁ be
approximately equal to the angle ( Bi) of the current just generated by
the bl ades of the fan (6) in the dianetrical 15 position (RCrax) where the
speed conponent (CZ) of the current fromthe bl ades of the fan (6) iri the
axi al dirpbenomenan t he |ehriest tAsd £E0WppRSKi nbt el3FAIR f 52KERN tthe
direction of the radius of the fan (6). In the third, fourth, fifth, or

si xth i nvehtoogh the 20espaad fesnpoiHenintike hand uspreRt ipdstogeft? at ed by
the fan (6) in the axial direction is |owered by a predeterm ned degree

bef ore itheabvex¢hangerhe HaWeyekr dtiie)curagnthgesertediaiit, thiefa™ | aw of
conservation of angular nonmentum the speed conponent of the current from
the fan (6§)i arraeaeb ehstanamerahntihg Y SHF6h (D FariSai e dE /Y t he

openi ng of 22 14 January 2004 the fan guard (4). Consequently, the angle
( B n)5betweerrd hénakhgl ddinesgdran °§nd3rtener4ﬂ1rve?ct?%ntf’§ngéﬁt (%;'the current
flowng into the fan guard (4) is |arger than the angle (8 i) of the
current jGersemurntdved Iy Rt ing 1%)doBe4 nihddet iléhelvnd g ¥q 8 i) of
the current justbgenerated by the fan (6)_tends to increase as it gets

cl oser tocereeHubiyen)thaafad g di retdhedss fosithco P PRATEx)°wher e speed
conmponent (C2) of the current fromthe fan (6) in the axial direction is
the | argethe fgosbnd@dderrf ythet cagipderd? 91 FEAPEat §L4ESFgthe angl e (
Br) of installment in a manner to nake the angles %B i% and, (B n) equal
to each otFayelsTh&PwpER®, the t RBALeRMRTO9AYent? ofle hE3hgI BB Or)
between the line (Cl), forned b%/ the air outlet end (41b) 15 of each of the
boar dl@ haper $Rb LI ELPIaRdSEPES of T&thiton tangent to the nearly cylindri cal

ribs (42) is increased outward in. the direction.of the radi Qf the fan
(6). Furthern’BP%Feftcf’ﬁf'arFS‘leetplﬁdr}“‘é‘?nm%ﬁof"ﬁ’élﬁgsar 12 écjfﬁﬁgs (41) are

o e peam RGN, PE RN BN FRRP MIEABRL S0 ) ©
comenert o p ol R RO Phe(She " et o, o
the ribs with yespget tq.the currept thopedhecdd b January 3§04
15 connecting an air inlet end (41la) and an air outlet end
(41b) is inclined from the rotation axis (0-0’), and that
the point (P;) 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) is prevented from flowing outward in the
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fan (6) can be designed to approxinmately agree with the angle ( B n)
between the axial direction and the direction tangent to air flowng into
the fan guard (4). In that case, in the seventh invention, the angle ( B 5
r) at which the board-shaped ribs (41) are installed is approximtely
uniformin the direction of the radius of the fan (6). , the
above-nenti oned substantial angle ( B rs) of instalIneﬂgggﬁﬁgﬁggbbgrger on
the hub (6a) side than in the dianmetrical position (Rcnax) 10 where the
speed conponent (CZ) of the current fromthe fan (6) in the axial direction

is largest, so that it agrees with air actualLly f] ow ng_i t fan guard
(4). Ther eficeetiom ehechviadins ffettod 2Pt K8) ef ?’é%‘\é\flo?ea‘g‘%ﬁ%i %ge noi se can

be obtained only by controlling the 15 angle é B i% oélthe current in the
di amet ri cakcposen¢®ref mﬁ}ftmﬁéﬂé‘l%thé‘ssﬂg‘éa SnBBREht"('C2) of the current

fromthe fan (6) in the axial direction is |largest..Thu o] ntrolling
the angle ( 6Siipcaakbe ribsoesthl et 11 t[hr’réds&g’é’fagtﬁf’?%l gjé%g%}éé{?gg rs) of

installnment in all positions 20 in the direction qf t r adi the fan
(6) agr eed iwiet hoahds ajthe PUTERET aﬁﬁﬁ%"tedcgw‘ﬁ%@a?sa g?t%%gg?ﬂ% he angl e
(B r) at which the board-shaped ribs (4%:) ar e inst%I)Ie 41{] thg; direction of
the radi ufodfiovhethansybiacess of rtdeReardrghapedc 37 f&alici ng noi se can be
obt ai ned by neans of a 25 sinpler design. 2/ 14 January . ) Eighth

| nvent i on vesedtdi app ik inve ofj §HFHePﬁv‘é?g1‘f‘f%5n,41"1’sr§’aﬁ’§/u§g te éaggég{"éto fourth
i nventions) the nunber (Zr) of _the boaﬁd-shaped 5 ribs (41) and the nunber
(Zb) of thdebpadesuxsosst anfe LPXATY 65 A€ ¥8"ati vel y prine, and when the
m dpoi nt position of the curve (G ) farmed by the air outlet end (41b) of
each of the board-shaped ribs (41) and the m dpoint position of the curve
(C=) fornmed by the rear 10 edge of each of the blades (6b) of the fan (6)
coi nci de wvi2ohFenghh ot eI 549%™ respect to a surface perpendicular to the

rotation axis (O-O0), these curves (Cl e i gnegh-d4 Cy@8$ each
ot her .10| n ot hé"&‘%o??j%'ithact‘b‘f%'ﬁfjmt o£5E hBrEe’:?'%%ﬁ fﬂgggntgll on, in 55 gny of the

first to seventh _inventions, the.nu r t b oar gpshapedari bs (41)
and t he naRF@NIEFHRIBRDYE h&h$) Bﬁlézéme('tggéﬁe 004 Z‘ﬁ]egi‘ran (6) arg2 r)gl atively prine,

and when the curve i L farmed. . rojf i the soara-stgeeal repsh of the
bl ades (6HEam6HPof agﬁek?’éﬁﬁ%%ﬁ%ﬁ %o?é?g%ii?ﬁysuch 20 a rra%ﬁerras to make

the mdpoint position of the curve.(Cr bRe el hy idueh iFydpof nknposi tion of
the curve (&) %$bimdd eﬁ?eﬁaeiflgctr;éﬁég&% g?r outlet end lzﬂﬁb) of each of the

boar d- shaped ribs (43 4 R 3434’ baceaper pandheukaketoidhmecfothei on axi s
(OO0) of ‘Ear{‘é-'efrar?f(é)%,e t realgle g(ur\l;eso 25 (C~, C=) are designed to cross each

ot her '1;5 rad]i%s‘]ac{pa{ﬁe 299:4 (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
is (0-07) by a predetermined

95 inclined from the rotation ax
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In 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 | ayer or a split region devel oped on the negative pressure surface
of the 5 blades (6b). Consequently, there are main stream portions having a
current with high velocity anong the bl ades (6b) and re§£ streagg grtions
having a current wiwth low velocity in the vicinity of e ﬂa®FHH 0@ b). Wen
seen fromthe 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

al t er nat elahg1As (P £psat tingtha 1sentacestid dhredtdandodhapédatiphsof41) have a
pressure fluctuati on whose nmain conponent is a 15 frequency correspondi ng
to the pragwuctftaaf (6jpe nunber of revolutions N of the fan (6) and the nunber
(26) of the blades (6b), which causes so-called NZ noi se. However, in the
ei ght h i nvent izm,addie ioopber poZmt offz) henplthealouterofciFsAPGesRAPRd ri bs
(41, 41 ) and the 20 nunber (Zb) of the blades (6b, 6b ) are nade to be
rel ati vel ywpritee, aitrthengBgtmekidng 41b) pogsitbee bpardnspzret Fibe(the
interference between the rear streans of the blades (6b) and the plurality
of boasd- Skappdsitbmeddlat4h ) paintngedatadt He dikectdigriediothe®beri meter.
As a 25 result, the NZ noises have different phases in the 26 14 January
2004 direatditamioh thé roeusfaf tH f froms) 2 witERiARkeslthe NP hoi ses
weaken each other, so as to reduce the occurrence of the NZ nojses. On the
ot her handonneenitheacneimt () oy fde PNSTpCIFERNEAESRTR PRalP®dge of
each of the blades (6b) of the fan (6) is rotated so as to coincide with

t he curve a(i€lputdeneendy(4¥a0j eadi Rbet Fetatiicroadiét (8n@’ 1 41b) of each of the
boar d-shaped ribs (41) on a surface perpendicular to the rotgtion axi s
(O-0) of the ¥rawthey, wehds NAhoifLEtRoIPRER e PEREIRED] §. “FA™F hi s case,
the rear streans of the current fromthe fan (6% pass th&gugh %he

boar d18hapda)r iasgapged aFewk e Ka5i%t6F PhetPEdRdE BPCtRe f4W (6). This
remar kably increases the NZ noi ses res¥l ingdfron1hyeri§%e lfreg e between
the rear $tfrddfs Falork®he IRIFES1AEY) °F5 PRART AR BGhr Tt a&ed’rl s (41).
Therefore, in the eighth invention, when the n%?po%n%h osét{on o; t he curve
(G) of the)aextendied EREFML)FTEM &BEH VIFIEAEY bBhr B7EhAPRETT i DS (41)

agrees w ttr]]u-::t hferargedp(ct)liar;t c%?:'?:iegsipggdg:];gtpg EHEV‘EoQ&io@f aLbz‘? 'i@%'fdge of
of the fan (6) outward in the direction of t.he radius of
15 the fan (6), and a plﬁrality of nearly cylindrical ribs
(42, 42--) which are integrated with the pluralityr 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
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20 each of the blades (6b) of the fan (6) with respect
perpendi cular to the rotation axis (O(O )) of the Pan (:3? at ﬁg;r&agﬁrves
(A, C=) are designed to cross each other. This structure can shift in tinme
tre interference between the rear streans of the blades (6b) and the 25
plurality of board-shaped ribs (41). As a result, the N%‘ﬁ; re-%p8anuary
2004 noi ses have different phases in the direction of the rnéjéllr%soof 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 th L ects of
reduci ng pabse(ahd phrevarst in@Poine GBEUrPRnE d’flraoé‘ﬁ&F? 8f’$c§| ib} n any of
the first to_.sevg_nth inventions. 10 (9) Ninth Invention Acgordi to the
ni nth i nvest iior]lined afiyoof theerptasion ARIHMI 9 Nve iftl}h% r-t“'l"'ne(gfgr inl et
ends (4la, 42a) of the board-shaped ribs (4%% or the neariy cyljndri cal
ribs (42) pgrea dpsedacdrnindt applexi(mé &y f c IPRLEFLEEN el oh™€ 15 In
general, the current generated by the fan (6) fluctuates over i e, so that
E:Slei fr;]lg?l edlai:el_mﬁt:;mlt(né;fr rfltemonnpé the 2 d“)s)hape{i“ rf“%‘g”(]ﬂ o%ﬂ"t:' he nearly
ical ribs of the fan guard (4) also fl i
Ther ef 6r e poiintt hP:hi rliosiesFenta oﬁ?g‘et I‘féalg“ie%)s("(all?l, Oﬂg;:t 5 ?Iég\é rgi‘glngg.to be
approximately arc in cross section so that thecpr re;l atLon on the
rib sur f acesmednbepredackingf teet pik| 9Ueln 1 tﬁéﬁghg?e % érg.iékflowin
;Pto t he board-shapgd ribs (41) or the nearly cylindrical rib é42) )
uct uat exhe2p1@oasiquert |yoandrehaprdctir® b‘%m He R n PR Fn%ﬁ??oﬁ 28 14
January 2004 further inproves the effect of reducin notilée Iy of the
first to gegpbehdienkan i bdsthruFPht M e?x%%e(%‘nog'lc)e of &I jf:‘JTl ovm?ﬁ into the
boardshaped ribs (41) or the nearly cylindrical ribs (42)..qf, 5 fpe fan
guard (4) il upesittienagr eak| @ oF@F-“%/i takef ]g'btg’ Sl 03er 1o the rear edges

of the bl ades (6b f th i ; :
guard1@4)r@gﬁtggn) of tﬁ%.f%gn(e%G)quimn'@h%hes£¥§¥ﬁﬂy iiyent ygp, the fan

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
15 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
90 back side of the casing passes through a heat exchanger
and then is blown off through the air outlet (Zé) on the
front side of the fan (6). It is necessary to aveoid a
phenomencn 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
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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 nmaxi num

t hi ckness (T1). Thus form ng the cross sectional profil of th
boar d-shaped ribs (41) or the nearly cylindrical ribs (ﬁ)’a@'é%yﬁqog’t es the

m xi ng of current on the surfaces of the ribs (41, 42) which occurs

i mredi ately after the board20 shaped ribs (41) or the nearly cylindrical
ribs (42), thereby making it harder to devel op vortexes behind_the ribs
(41, 42). (%9 arrasged, upheredt cefsthp 439 8Fa¥dhe($) r 58749 HPnfh°Fnventi ons
can be fully exerted even when it is necessary to increase the_thickness of
the ribs (@twazg 47 the odikgchi®mroti Bkeerdddns sPfeddt®h. 13 (614 January
2004 (11) Eleventh Invention According to the el eventh invention, in any of
the first Gomseanentlywenfi 8AEN1IAT sé ] %ﬁ epl dtte {43 KL r'RAWelbPEt the
center of the frame (4a) corresponding to 5 the rotation axis (O-O) of the
fan (6). lawrgensr &rom fhenéag §PPFBut(géna6Fe’é%ﬁ rEht e FRELATF eBion of the
radius of the fan (6) inside the hub (6a), there is a reverse current which
goes fPomtiiee TrARfst ¥ahin 8Fdehst E3ELTRNYD) Pokndddd HE IR (83 side. The
10 reverse current interferes with the current flow ng in the,intended

di rect i on treNelebytBEFGSNgthR ingdte BXCRAIFE PR t HRe e"&PéEnt Atfifivention, a
sealing plate (43) is provided at the center of the fan guard (4) and is
made to cGﬁlleé‘S%Bnﬁa‘E%lrt%é‘ SHEEL SATARES (OO ) of the fan (6). 15 The
sealing plate (43) covering the center of the.fan guard.(4) resiricts the

i nterference €ATehe enfORFBh ndWERGIAE ¢ FE™REASEGt | eFPGnd the

reverse current, thereby further redug¢jng t noi ses. . .
plurality of goard-shaped rELsg (Jl extending radially

10 outward in the 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 (P;) 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) from the point (Pi)
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) 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.

25 The fourth invention further comprises a plurality of
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20 (12) Twelfth Invention According to the twelfth invention, in any of the
first to eleventh invention, the frame (4a) is designed to be approxi mately
rectangul ar. The current fromthe fan (6) varies in velocity anong 25
different positions in the direction of the radius of the 30 14 January
2004 fan (6). As stated above, the air flow ng fron1thq gPter gg Aons of
the bl ades of the fan (6) that are a little closer to tﬁ EWHBQ? é than the
tips of the blades has a higher velocity than the current fromthe tips.
The 5 velocity of the current decreases fromthese portions both towards
the hub (6a) and towards the tips. The current shows such a velocity

di st ri butherrliyn aydendrieet i viPof(42Ne whaahudref LR FRIFAEEY &N Fhhe twel fth
invention, the frane (4a) of the fan 10 guard (4) is approximately

rect angul aoardyshapkd cdbsertldr arft pEraRged eyoreeNEd@d Wour T8dfners. Above
all, the velocity of flowof air fromthe outer portions of the blades (6b)
of the fasciBtureamaies &hei vhebe cFomeant din Hd s res5ornhak ttﬁg tips of

t he bl ades can be decreased 15 effectively within a _short distance. The
twel fth | rkints opt habea fasat (fle BE CAVERIPAg fOR¥ages &luS E° ang of the fan
guard (4) when the casing of the air blowing unit is shaped |ike a

rect arfgul @ffdsox oft kbeebgarty ey BMdnicrdprdhe n§2theS Utk ngi Yfe fifth
invention. 20 In this case, the fan guard (4) is usually installed in the
downst r eadiqettionf ofh&hei peEFent -ai Thdgt PEEVEDLS Hhe r§8°6n8Tsur f ace of
the rectangul ar casing. Since the fan guard (4) is approximtely

r ect angul arshattercdresinnf eekhar £§éechatethe casing can be used wit hout
changi ng 25 the outer dinmensions. 31 14 Januazy %904 glg) T %rteenth

| nvention Acch$ dé¥afad abever hitheeEREFCHMVERRSTATSY RYamPofPnd®Pirst to
twel fth inventions, the air inlet ends (42a) gf g t he nearu% G) |i ndrical
ribs (42)and e fdeWangr oittRleFiEhafeRhedbind i ffat BRRTT(A1EP O e
board-shaped ribs (41). Wen the bl ades (6b).of the fan ) pass through
the pHsitewrrerdr t Favbifar 8- SHRERY ??'P)‘%c"(é?l iy ghe dlre‘%g%?r{e) tgﬁat some

;CIt TS 1 Nevi

vortexes occur,  on each surface of the board, 10, 1 (41 On the
ot her hankPtati@mmeLr H}ecﬁ‘f‘nﬁg caf*Sr iabge(c'ﬂgff {‘M?wihgtﬁeegjrlééela%l%égé %Jﬁe current

fromthe fan (6), cause al nost. no r e e he air inlet
ends (41ayP%Hfcy Wﬁxﬁ%ﬂﬁf&ﬁga PVb§%%4%%éa§g)ﬁgﬁg¥pﬁgfrﬁggggtﬁgﬁhthe air

I nl et the angle at which the board-shaped ribs (41) are
installed, 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’) in the

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

direcﬁion 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
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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 boardshaped 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 nore protyuded th he air
inlet ends (4l1la) of the board shaped ribs (41) so as t&4ﬁﬂﬂvgﬁyipﬁg
occurrence of vortexes at the air inlet ends (42a) of the nearly 25
cylindrical ribs (42). Consequently, noises caused by the 32 14 January
2004 occurrence of the vortexes can be prevented.c%é%) Fourt eent | nvention
Accor di ng akast K8-Polir t SBYish SLARERBEBNCAR FR LS HVS1¥i FEFTES thirteenth
inventions, the air inlet ends (42a) of the nearly cylindri i bs (42)
are nore proregduget haps t syl tindg| Pt fd SYEEFERF EPliﬁﬁl%%aﬁ sﬁ%ped ribs
(41), and the air outlet ends (42b) of the nearly c¥lindrical é%bs (42) are
more prot theedishaneementiof 1ohe A1xactdrls °f4BF SPTERRTbEEPH- §RGped ri bs
(41). The fan guard is usually nolded by pulling out .t Igs in the
directionfen (@ apd theeaneh@sat MricmAhe Fids ﬁéeailﬂ‘\égﬁﬁ% reflbis (41b,
42b) of the board-shaped ribs $41) and the nearlé c¥lindrical ribs (42). 15
In thi & cacései tesnbt Mg fuomethengscryaencafd YREEFF outl et ends (41b) of

t he board-shaped ribs (41) were nore _protruded, than .the-air bnle ends
(42a) and t he Sdinceotibpetikhdet¥u o) the Fﬂﬁrﬁ%aﬁqﬂngﬁqnnafﬁcs PFDBs (41),

undercut or other problenms would occur at_the portiaons ere 20
board-shaééﬂerPBQIQQ&)tQﬁuFQHﬁ?“ﬁe&PP§r€§$qrﬂﬁiéhﬂ ﬁ%nbéﬁ?gﬁ °8%g§% each

other. As a result, it wuld take tine to |d the.fan rd (4)

Ther ef or e fol hovhe thre§BREAFIR et i I ?Qﬁfq%?gaPﬁé F%L?aégrﬁtaiéﬁ By maki ng

the air inlet ends (42a) and the air 25 outlet ends .(42h) .of nearly

cyl i ndri cZPsiilbs EB&)t%‘é‘%ff "l‘d’r\?ﬁﬁua?:ﬁuﬁ‘)oﬁesr'rsdr é“ﬁ'plr f)ﬁt %&ggn%ﬁgﬁ the air

inlet ends (41a) and the air ogtlet ends ééﬂ%% of the board-shaped ribs
ifteenth

(41). 1p15)hei PEBEREFE | 1RASH AN 1BV FRE invention relates to an
air-condi tioning

al
1ae

(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 (¥2) of the edge of the éir
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 thé frame (4a}). This
structure further improves the effect of reducing noise in
any of the first to fourth inventions.
25
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device provided with the fan guard (4) of the air blowng 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 |east a heat exchanger and a fan
stored in a casing (51). The casing (51) is provided with an air tlet
(54), which is covered by the fan guard (4). The fifteéﬁﬁﬁﬁﬁﬁﬁﬁﬁpﬁgn is an
ai r-condi tioning device 15 which can exert the effects of any of the first
to fourteenth inventions. The air-conditioning device of the present

i nvention prevents the occurrence of a short circuit effectively, which
secures priévefitkbh Biventdesr ease in air conditioning performance. 20 The
provi sion of the nearly cylindrical ribs (42) makes the whole current in

t he directionAsEorféng atle ushefsitd fiavepsione &BnIRY goll Fop wakES®ue to the
effect of the nearly cylindrical ribs (42) controlling the direction of the
current. TR sEprdfentiaverntaanseurtithcéing o Sshorformsdeihuithef ¥ ther
effectively. 34 14 January 2004 The splitting of the current at the fan
guard (4) ostéet sendsédlhni eddhriafattde PrRargredaped r¥s Ghd | Bhers the
noi se. The NZ noises in the fan guard (4) have different 5 phases in the

di rect Ponaofcurke whedrestbeé aheleéah § @) vhich Hakebinde(fD ndmes weaken
each other, so as to reduce the occurrence of the NZ noises. Making the air
i nl et end¥itBikhe 19byeqifiqahdangsngskapéder RBATIN1TY bindHE e 1R85
cylindrical ribs (42% 10 approximately arc_in cross section, the fan guard
(4) can bé4dbsPEPHE FLAM hiers idR fRePULPLESi &R nEhe @1 LT 397y 9ff dthe (43) at
the center of the fan quard (4) restricts the interference between air

fl owi ng t &adEes ehéha %aauﬂﬁét and the reverse current, 15 thereby further

reduci ng the noises. In the case where the casin (§%§1is,shaped i ke a
rect angul ar b&%, °8BEF gHPREYS t hRSFIHREY 49D YQ?tﬁ%é%ﬂw SPEtERy P&t angul ar

can increase the effective area of tpe fan qyard (4&_ ZQ.BRIEF DESCRI PTI ON
oF THEY DRADY N@f the first to fourth inventions, he " line (GC,)

formed by projecting the air outlet end (41lb) of each of
the plurality of board-shaped ribs (41, 4l-) is a curve
where the angles (@ &, € 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-r) of the fan (6)
which have a relatively large speed component in the axial
direction.

25
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Figure 1 is a front view of the air blowng unit of Enbodinent 1 of the
present invention. Figure 2 is a cross sectional view of the structure 25
showi ng the fan guard of Enbodi ment 1. 35 14 January 2004 Figure 3 is an
enl arged front view of the fan guard of Enbodinent 1. Figure 4 is an
enl arged perspective view of the main part of the fan g1uard of di ment
1. 5 Figure 5is a partial perspective view show ng the%ﬁ’@?‘@r& I ch the
boar d-shaped ribs are installed in Enbodinment 1. Figure b is a view show ng
t he speed conponent (Fr) of the current inward in the direction of the
radius of the 10 fan at the board-shaped ribs of Enbodinent 1. Figure 7 is
a vi ew showyngetdecmmylventiBna ) between the line (CO) fornmed by the air
outl et end of each of the board-shaped ribs and the direction tangent to
the nearly cyhicedritad ridsthe Besfittentnyentiory gife 81fs 31%FRw showi ng
the rel ati onship anong the speed conponent (CZ=) of the current just
gener at ed ;Avehbeok ANthd dha eaxi Gir)diatecthiich, thRebspeddskapRbeHRS (CzIl) of
air flowng into the fan guard in the axial direction, and the conponent of
t he currenpa1ijhnatrhe iostabhédr ént debiged| tecbponPPEPYLRateLY se313k ew showi ng
the rel ati onship between the board-shaped ribs and the actual current in
Enbodi gentol thkl GigeelQ #9)a ati evkisthowing itshegensratiedndtyi et t@en 25 the
curve (Cl) forned by projecting each of the board 36 .

(6) in the diametrical position (Rcmax) 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 of the radius of the fan (6).

10 In other words, according to the seventh invention, in
the sixth invention, the angle (68 r) at which the board-
shaped ribs (41) are installed is designed to be
approximately equal to the angle (81i) 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). on the
other hand, due to law of conservation of angular momentum,
the speed component of the current from the fan (6) in the

95 circumferential direction is maintained at the opening of

22




14 January 2004 shaped ribs and the curve (C,) formed by projecting each of
the rear edges of the blades of the fan in Enbodinent 1. Figure 11 are
cross sectional views of the air inlet ends of the board-shaped ribs in
Enbodi nent 1. 5 Figure 12 are cross sectional views of the board shaped

ribs in Enbodinment 1. Figure 13 is a graph showi ng the dj i ' of the
axi al -fl ow speed of the current fromthe fan in the dirg£$$®ﬁgg?qpﬁe radi us

of the fan (6) in the air blowing 10 unit. Figure 14 is a graph show ng 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 frontthe danofgueha f(4h- QuEPRS BTUaMd Yai £hes apEdai K Bhi PebYe®Rbodi nent 2
of the present invention. Figure i6 is a front view of the fan_guard of the
ai r bl owi ieunp¥iak EABEELARAt aPDf thfe PIESEALT nbRHTYn. R gb‘?‘é 17 is a
front view of the outdoor unit of the air-conditioning device of Enbodi nent
4 of the present ZOOVHEniHgh.the diife IP8THs (4) pign1oF8GF of P¥het 3%t door unit
in Enbodi ment 4. Figure 19 is a plan view of the fan guard in Enbodi nent 4.
25 Fi gur e a»@lies (& i) oft theeqrbrent piusdr 9gperaked ppoviiitg 87 (634 January
2004 unit. Figure 21 is a cross sectionagl view taken along the |ine A-A of
Fi gur e520 shovinngaddictisim,uctls e 3@81enhel § ddr @t tBFr PRy IRFE. 5 BEST

MODE FOR CARRYI NG OQUT THE | NVENTI ON . .
generated by the fan (6) tends to increase as 1t gets

closer tc the hub (6a) than in the diametrical position
(Remax) where speed component (CZ) of the current from the
fan (6) in +the axial direction is the largest.
10 Consequently, it is pretty difficult to design the angle
(Or) of installment in a manner to make the angles (0 1i)
and {(@n) equal to each other.
Therefore, in the seventh invention, the angle (8 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 is designed to be approximately
20 equal to the angle (8i) of air flowing from the fan (6)
in the position (Remax) 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 ( & rs) of

25 installing the ribs with respect to the current from the
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- EMBODI MENT 1 Figures 1 through 14 show the fan guard of Enbodi ment 1 of
the present invention, which is used in an air 10 blowing unit such as the
outdoor unit of an airconditioning device. As an air blowing unit, the
present enbodi nent enpl oys an outdoor unit (1) of an air-conditioning
device simlar to the above-described outdoor unit of t%ﬁ grior t 15
exanple. As shown in Figures 1 and 2, the outdoor unit 9 ?%aﬁﬁﬁt%Sed of a
heat exchanger (not shown) and a fan (6) made of a propeller fan which are
laid fromthe 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 (| @&hn aeharcaguasel (d3idrord prot eppionindtelvarqe il oWieled to
cover the air outlet (2a) formed by a bell nouth (5), which is a fan guide.
Rotating tRgitan d#) Baueesn ailie taxiba tdikertinhoanfietBs daseayigta) through
the opening for air intake. The air 38 14 January 2004 passed through the
heat exchaaggent st€haingedowing antortentfapigeairdg(fh-the direction of
rotation of the fan (6), and is flown out through the bell nouth (5), the
air outlet (2an taad theef anngube ds¢¥dntim irvientdpder thewanrdses5(bhe front of
the outdoor unit (1). The fan guard (4), as shown in Figures 3 and 4,

conpri sesrd fatanehicta)tha seatd-whapedt o ifs3)(4la pag alriirgedbrvad- shaped
ribs (41, 41 ), and a plurality of cylindrical ribs (42, 42-). 10 The
frame (4ahppsoimateigd umifdyem peni bbeedigkcthenapf &be etad®) Ahd is
approximately rectangul ar. The sealing plate (43) is so arranged_ that its
center apmhexi masely @di.nci desCansaquenslyot atthsh agbeveorenyioned he fan
(6). The sealing plate (43) covers the center 15 regions of the fan guard
(4) and i supppanpiabte&igle ecCarmulcedr irstalimentr hpeonay) laqyrRy far d- shaped
ribs (41) are extended radially outward in the direction of the radius of
the fan (&hef hom (6e) peidargthan ¢h the déareHylGAlaPesiEapn SBemdpe
cylindrical ribs (42) are integrated with the plurality of board-shaped

ri bs (01, watyre The sperdldampodentyKFRYr?talhs | PETERS, fﬁ?ﬂ‘ 592 % anged
concentrically around the rotation axis g()() of the fant(6% at

pr edet er ni(§ad innttéey @ ailn FecHLiPRCLP oh2 BT e FRAFIRT ot 289X fan (6).

The cylindrical ribs (42) are in the formaof 39
Y with air actu(all)y flowing Jt.]nto the ffan guard (&).

Therefore, in the seventh Ainvention, the effect of
reducing noise can be obtained only by controlling the

15 angle (0 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 (& rs) of installment in all positions

20 in the direction of the radius of the fan (6) agrees with
the air current, without complicated setting of the angle
(@ 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 ncise can be obtained by means of a

25 simpler design.
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14 January 2u4 short cylinders. The cylindrical ribs (42) of the present

i nvention are not necessarily right circular cylinders; they can be nearly
cylindrical. In a vertical cross section of ,a board-shaped rib (41), 5 a
line (A) connecting an air inlet end (41a), which is the end of the air
inlet side, and an, .air outlet .,end (41b), which is e e air
outlet-side is inclined fromthe rotation axis (O O~) @3 Jﬁ‘ﬁ%@ﬁ%ﬂ’(ﬁe{m ned
angle (9 r) of installment in the direction of rotation of the fan (6). 10
in a cross section perpendicular to the line (Cl) fornmed 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 (OO ) of the fan (6), as
shown in Figure S, a line (A) connecting a point (PL) 15 on the air inlet
end (41a)(®f BathofinvhetpPral ity of board-shaped ribs (41) and a point
(PT) on the air outlet end (41b) is jnclined fr.omtheé t.ation %xis (G0)
of the fan (6jchyrding &getbPnPhBHtRNEIE 18y ) 1Bf 2Rl et 55T t he
direction of rotation of the fan (6). 20 In additjon, algé)_isr};t I?li) on the
outer cireenfeseticeanfentiongi r thatr PBRPERJSZYUIDY Bhe (AR 1504r i Siaped ri bs
(41) is positioned at a point rotated in_the direcgtio ratation of the
fan (6) fris a(4ty ailfgtluth?néu'(‘ﬁ?rcéﬁhécf’ifn@gﬁ bﬁ)?ﬁ?s(g?goﬁgt %’télel nner
circunference of the 25 air outlet ends (41 and the rotatjo is (GCO).
40 14 Jhamargf)20edeThislativelyoi RE1Pe) ac‘}a%sé’g‘t?nt E?%e r?lrdé)r?eqn%za) on the
line (Cl) forned by projecting the air outl et d (41b) a f the

pl ural i t ype$ it PEhBRRICRIES (%1) Bﬂr’&e%uw aggepé%ﬁeﬁ&%éﬁl%agﬁdg t he

rotation axis (O-O) of the 5 fan (6).i osi tigned a pjnt tated in
the directébm f)fofr o%%ffli o Tof thRe tré#dc@iaBsém{%s st(rigi)gh%lcpi r;Jeh%( 8)
connecting a point of intersection (0) of e rotati axj Q) of the
fan (6)I agﬁdmcfﬁltprﬁ?%%t!tji% %Erf;&(‘?e C%ﬁ)d’et hfeé‘soifncfﬁ%ldl?g%n{%lﬁe(x%ﬁ%ez
circunference on the seali ng é&aglagpﬁﬁgiia)ofsitq% Rt g dgichand, the

t in's

cyl i nd®i cafgeipE £asy gfetd ch™a anner as ‘to be approxi mately

uniformin dianmeter fromthe upstream sid e d{&amsSide of the
current. TheRF3°h rﬂté’tereﬁ’dgﬁ(ﬁ%é??ggm%ocha Z‘”’F‘é&t""‘ﬁg Egﬂé\%gs of the air inlet

side of the cylindrical _ribs ?4_23,()aretfh%r;sgedcgpv@§ & ,haging axd arge
S

¥,

cur vat ur e*PShe" Botird"shaped r 41) are so formed that the air iniet ends
(41a) havg a;large fNigkBeggenagchdhe thi ckness

In other words, according to the eighth invention, in

15 any of the first to seventh inventions, the number (Zr) of
the board-shaped ribs (41) and the number (Zb) 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

920 a manner as to make the midpoint position of the curve
(C2) 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

25 (C:;, C:) are designed to Cross each other.
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is gradually reduced as it gets closer to the air outlet 20 ends (41b). The
air inlet ends (41a) and the air outlet ends (41b) are designed to be arc
of a predeterm ned. 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 tq_.cr0oss each
41 14 January 2004 other as shown in Figure 4. As de§&‘§%@%%8@é, t he
air flomm fromthe fan (6) and flowing into the fan guard (4) generally
beconmes spinning currents having a predeterm ned speed conponent in the 5
direction of rotation of the fan (6), in contrast, in the present

enbodi nent, a 1l yeakrty, ofheydumndntcausti gsnen2tedr prnged céhirically
around the rotation axis (0-0) of the fan (6) and at predeterm ned

i nt erval s Hawihhe adispeetli eompbnéme iadibs diredfeidmrof 6yotafaiar pPhiral ity of
10 board-shaped ribs (41) extending radially outward in the direction of
the radi ughef tdre fian iEluknomit ey oat dcusidacunflayerceo®f at hePsthl i ng pl ate
(43) are arranged approximately symretrical with respect to the axis. This
struct ur e re@ioAodevei dped | ol yheesegative presuue $WeRCE dfest?®ing from a
current collision due to the disagreenent of the direction of the current
fromtBe fbaadés) (eny. t ltenmeghently whikére eeer mgdn( 1read) PaFele¥stal | ed, or
noi se resulting fromthe occurrence of vortexes. The current fromthe fan
(6) vari enavingehocityemontk2hidilf feelogitposnengnshe nbifdesi 2R i on of the
radius of the fan (6). As stated above, air flowing fromthe outer portions
of the bl adds obathestmran( 6)porhapnar ehaving t lae €usEeptt owike hi¥ (6a) t han
the tips of the blades (6b, 6b ) has a higher velocity than the current
from the tiepsc2by ( Ref ¢het vikiigite ©3F) eaght blaggar@™o t HREHrIBtem in the
42 14 January 2004 present enbodinment, the frame 31461) of the fan guard
(4) is dedirgnedhieo arapptpxiofatelard-ebapeduribs ad4desdli'bod SHfe. As a
result, the current fromthe fan (6) is led to the four corners of the fan
guar d 104) whadd ithey pare i éol & , SEARLRATCI BV t FBSc I Ent SHFSHT t he outer

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 1is a

15 frequency corresponding to the product of the number of

revolutions N of the fan (6) and the number (2b) of the
blades (6b), which causes so-called NZ noise.

However, in the eighth invention, the number (Zr) of

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

20 number (Zb) 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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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 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 noi se caused froma flat plate laid in a current g | RPRSS ion to
the fifth or sixth power of an air velocity. Consequenlt‘%y]?ﬂyﬁl S st4r ucture
makes it possible to reduce the pressure loss in 15 the fan guard (4), fan
noi se resulting froma decrease in the nunber of revolutions of the fan
(6), and noise caused by the ribs thenselves. The fan %%Jarqﬂme@mof the air
bl oW Ng URifediken tdte thet dedivami tWie thad 469 cBRAFE i BHFTHY i'ce is
usually 20 installed downstream of the round air outlet (2a) arranged on
the frontasuséaceed®n obadtheothme s eperp rett Begifar RasPrg (19 as
illustrated. Wien the frane (4a) is approximtely rectangular, there is an
advant agepof hahe the mdsieng (1 a) can be used without changing its outer 25

di mensi ons. 43 14 January 2004 In the present enbodi nent inba Cross
section perpendi cther otbet hédnidne WG ftgﬁrréEPIBSF pr‘S}’egEf’ﬁ’aeflhe Rir outlet
end (41b) of each of the plurality of boardshaped ribs ééll)otonttgesurface
per pengli Cykafetpiddete rehat edae axf seq OF dhet h2fgR (BY)) U IThe (A
connecting a point (PL) on the air inlet end (~La O{) eachvof Lhe plurality
of boar d- ghapeé)r iibs resajedndcaapoitAt OPPFi8R VREDaFPeoGFFET &Rt (41b) is

inclined fromthe rotation axis (OG-0 of the fa 6). by redet erm ned
angl e ( 8fbymkd bf bnefettimntthe ake ‘Eﬂtr](ﬁﬁi?fﬁpoé“zb(}t acffo%acg\‘ cEﬁe fan (6).
Consequently, the direction of air flowing fromthe fgn CGJlaq,__ndté he angl e
at which the board-shaped ribs (%1) oRea FUFLPFEJPEERSBA A ieed With each
other, so as to reduce the splitting of current resylti f heir

di sagr eenene Iotasinnclxds pdsSBl ST t HRT eB@nfdlﬁt)helr{hree&gzci%gﬂ% e noi se. As

for the distribution of air flowng fromthe fan ( | NSy he, put er
di anetier dhictrkestulengakabhy + hel| %@&F’i &§A=6f tt%‘é? rrg‘)aﬁfugé'%)%e‘i"f?e fan (6),

there is a reverse current which gaoes fromthe downstreamsside,&d the fan
(6) 20 towhedsurkentufrBHhesiige, q%l’hepf‘gﬁg%lléléo%%’r\r%&nt interfe?%s with the

current flowing in the intended directi YoEabigk NBa@n¢psue of
noi se. | nrike fiddedd &MSodimEREICT h‘é%cgﬁ rggg%g%i?i on of ?he(sgal ing plate

(43) provided at the center of the fan.gu Abu13RpGOXeMt ehy coi nci des
with the rIigt FRazkeRlY GFWHTAFS fﬁ%‘éﬁug?%gz%m of thg fan (6).

Consequenggﬁbr%ggegggléé%hégéﬂf%e(%%%r 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., C2) 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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(t:)overl ng the center of the fan guard (4) can restrict the interference
etween the current flowng in the intended direction and the reverse
current, thereby further 5 reducing the noises. As described above, in a
case where the air blowing unit is applied to the outer unit (1) 01’c an air
condi tioning system the occurrence of a short-circuit qu tn hyent ed as
nmuch as possibl e because it decreases 10 the air-condi t1| O‘fﬂ Hgﬁbgrﬁornance
The short-circuit is a phenonmenon where the air which has been taken in '
t hrough 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 oytlet (2a) on
the frontnsisles ofhavike d&REIENE) PhATET s dgafiet Citr’rof‘hr?)%lght $he opening
for air intake to be supplied to the heat exchanger. However, the current
from the fadiy®)ohr thaganugsdr eamish t“ﬁ@ef“aﬁh&u%rzd NS & @RS 1 ow
outward in the direction of the radius of the fan (6). ngegu ly, if
not hi ng i sadion@th2o, i tsd sagj K& yrefiie t ﬁBec‘l?FrCé‘ﬁFeg?%mc’t%e ﬁgn ard (4)
adheres to the surface of the front wall of the casing due to Coanda effect
and travehsisesmards the heat exchanger on the rear side, thereby causing a
short circuit. Therefore, in the present enbodiment, in £,.Cross 5 section
per pendli cul ar Thest hecdanid nOCEP Ebenelgsh dﬁlvenﬂoﬁanﬁg‘?y jecting
the air outlet end (41b) of each of the plurality of bqard-shaped ribs (41)
on a surf&ék perpbadfetther (PimeEdr ofREn"axP s G )8b? ?ﬁge‘%é?’n (6), a
line (A) connecting a point (PL) on the air inlet end 5 é41a of, each of
the plurapEtyediciisar®israpet PYEE=Y1)d aRE °FBFRT(P1S* oh E)tthoertai r outl et
end (41b) is inclined fromthe rotation axis (O Q) of the fan (6) by a
pr edet er nfheeu Hagite anyBoF) tBE T-h’é%fam%ﬁt"ef‘ﬁhth’év%'?trléjcntsl'on of rotation of
the fan (6) (Refer to Figure 5). In 10 addition, the point (P=) closest to
EZib;rg;mefagﬁ) ](c)nt';]he :lnelgc,) ;o[)ned by projecting the air outlet end
_ 0 e plurality o oard-shaped ribs (41) o
Bgirgtemh f&tPh(er{t’bttl hﬂé"’g(’}f:éf’f‘on axis (O 0) 01P t he fan((Gg ig goziu”gﬁgd at a
t rotated in the direction 15 of r Lon i
strai ?gol 'g, ne?F??rﬂ?%%e%%iﬂbe g“ﬁ‘gihnt’““b’gl?%%‘g'r RELYs %%nt%e]?)ftlhléﬂrno: ntion
0 e fan an e o] i u e t i nt
%Ezgs; ]EB tﬁé?%gl’i%’}g’ge_ Iléflg’(ﬁ%‘.a%rrp Iglﬁtngafiﬁe@?&b's ﬁgﬁoe{iﬁlt?%e thi(spl)
rce. (Er . rd.,in.ih i i : ; he f
due to thg‘:"ﬁ’(ﬁb‘&rsﬁf3 %eapéjd'%g?lsglkﬁ% g%‘? %ﬁlﬁ%g%}ﬁ%ﬁ%%ﬁﬁ%ﬁ Ce){:lut))y thgnf gg)
(6) as Sh?‘é% 805 H QOGbeCQ?éggyﬁﬁgdémy the GHréfis faamaitdie fan guard (4)
is preventt ro OW ng ou rd in the direction of the radius of the fan
(6), 3p whi chIBedéJ&ges_catlr;e OREUTd §Reat0f gen i@l Chy CWwine agsanucfs)as 46

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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14 January 2004 possible. In the fan guard (4) of the present enbodi nent,
the inner dinmension (~1) of the frane (4a) is designed |arger than the

i nner dianeter ( ~Z) of the air outlet end of the 5 bell mouth (5) arranged
on the perinmeter of the upstreamside fan (6) of the fan guard (4), that
is, of the edge of the air outlet (2a) on the air outh_hﬁhggnﬂ £r to
Figure 2). In short, the inner dinension ( ~ 1) which is The I0 [ength of
one side of the frane (4a) is designed |larger than the inner dianmeter (~2)
of the bell nouth (S). Making the inner dinmension ( ~ 1) of the franme (4a)

| arger than the inner dianeter (~,) of the_ edge of the air outleft (2a) can
prevent tRerthger tepeanss betswethftde 45 EGIPEHI f FONTS he™f 8RY(6)" and the
frame (4a) of the fan guard (4). It can also inprove the effect of |owering
t he vel ockhy Birsy dw eRIAER BYV¥HSTane (4a), thereby further inproving
the effect of reducing noise. In_the case where the casil{l{agél%) i s shaped
like a 20 recFanteERousox theesngheng it RETf FLAEITA" T Y HoH Guard (4) to
be approximately rect angul ar can increase the ef,fefti Ve argg of 1Ethe fan
guard (4)shaped ebibef K&E) | Q8| FhenpieaFlEg SHRENEFLERE 81°F eddé?ng hoises. in
addition to the above features, the fan guard é%l‘_zd 25 of th} prgsent

enbodi fentheatamndtaned (DatfidvS RS a8TFLY 19 Fa ity 2004 SfoWn in Figure
7, the angle ( B a ) between the line (C.) for by_the air outlet end
(41b) of ehetenita HdiendsRYsRARRTY 9F I gi)adaﬁdq?ﬁb & r‘te‘ﬁ tap t‘;gr?g'ent to the
cylindrical ribs (42) is increased o,utwarg in_the 5 gi re tic%g gethe radi us
of the faBhgs) . ipnthe hBFeSRRHdsiNYEE4o et Elg}aflorgr‘?ga b)}éroj ecting the air
outlet end (41b) of each of the plurality of board shaped ribs (41, 41) is
a curve wHesEIred hresNEB % B a) which the line (Cl) fornms 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).

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,)-.

Phus 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 vhen
it is necessary to increase the thickness of the ribs {41,

25 42) in order to provide enough strength.
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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 _
boar d- shaped ribs (41), 15 from becom ng | arger than necessary agai nst the
current fromthe fan (6), so as to increase the blow ng resistance on the
tip sides of the blades (6b, 6b) of the fan (6) which have a rel atively

| arge speed conponent in the axial direction. 20 The arfdidanuagy 2004t which
t he board-shaped ribs (41) are installed is designed to be approxi mtely
equal to the angle ( Bi) at which air flows fromthe fan (6) in the

di anetric osition . (Rcmax) .where the speed conponent (CZ) of the current
fromthe ?h%\?(@)e‘f _rlimgné’fir‘ F°B5 direction is the largest and is

approxi mat el y ggi fgr m i ;rJ 48 14 January, 2004 the direction of the radius
of the fan (65 PRIBthetOndEs, StHE il tAYentiPnat ithi @AYt #é bidee d- shaped
ribs (41) .are installed.(Refer to Figure 5) is designed to be approxi mately
equal to Fglég%ng ® (tﬁfgh( REFEFPIEC M gure $eadipg tﬁga‘é‘arréﬁ) j st generated

by the f ). in th osi tion X) (Refer to Figure 13) in the

?ihr ect | oﬁﬂ%{‘f’g%&e&{aﬁdaj% ocze & #’tgn t?é) _f&,ﬁﬁze(f'ﬁtb_ SRERP 2 o gcz:zj of
e cyre he fan Xi irection is the largest and is

appro%ma el yrroﬁ:%tflgrnmaf(ﬁstﬁé'éiﬂr eoer‘teitgﬁ %B“ofsihe radius of the fan (6). As

stated above, . th eed canpopent of the current just generated by the fan
(6) in the ax%%l %&ﬁfgg%gf o™i s&%m@ﬁ'@&rbf}“%l‘iﬂ e8Et FIRLFEF dbYyr dBepefore it

flows int £an_gu 41. On ot.her hand, as shown in Figure 8, 15
due to Ia(%/)jv'% éfg?{sgrgvg{"lgo%a%]fusar?dﬁt.lﬁ‘ﬁ ﬁﬁﬁeﬁ?bn}“ﬂf{? dEeduborffadent of the
current f{h%rpet rlg faa eal@rsien t he c{rcum‘ erential direction is mmintained at

the opening of the fan guard {357 CANELHUIMT VX Thd i glownstpean pet ween

t he axi algchirecti an h irection t ent .to fhe 2Q current flow n
hoside 8]%'3:@1(%)9&& ﬁgsl 153m%'ai'urzijr:st gga%‘é’lbe féﬁ’ifl'SFl'Jt heTEﬁrrem jgust

into the fan guar 'S ger

t theq , Lt i.n _Fi 14, th le (B
ot et rane FretC it aAagh bOP PR MBMLAC 11o%BS: FEr thee it |

gets cl 0s@keh@ed hgi bt {HR) tﬁn_@@@b%?c%tﬂ%irﬁ;g%nt if%gg%%ﬁggax (Refer to

Figure 13, too) in the direction anuary 4 radius of the

fan (6) wher ent henes PEEE SN ODRPEN L LAL) gnsgggigéi ?:lagg_re Lion, of the
n ,

current fromthe fan (6) is the largest. Consequ i 95 pFRtty
di fficul providesi gn dihe congee brBrhid P:;nii]\%tzﬁl l(gNLplani @ H?&l{eéoto make the
er. 'I( P In the

5 angles (Bi) and (B n) equal to each ot her et or e, pr esent
embodi menbrréfgomlr ve (k) FoaRANDYaxI0] ESId NI dAerRlr Ul | &, end (41b) of

each of the plurality of board-shaped ribs (41) on a surface
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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perpendi cular to the rotation axis of the fan (6) is a 10 curve where the
angles (B a) (Refer to Figure 7) which the curve (C/) fornms 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).
Furthernore, in the present enbodi ment, the angle (B r), ,af 15 MBbQE t he
boar d-shaped ribs (41) are installed (Refer to Figures1§ agy desi gned
to be approximtely equal to the angle ( Bi) (Refer to Figure 8) of the
current in the dianetrical position (RChmax) where the speed conponent (CZZ)
of the current fromthe fan (6) in the axial 20 direction is the |argest.
As a resufff? 48) shobim FHRSYREIEVE, ithet RéFdLARBLRY cBYOMoRhe | MtEFRCaZ)
where the speed conponent (CaZ) of the current fromthe fan (6) in the

axi al di rBE?Fb?P? s© héhFaPé@Q?S, Phet8EbSRANKBAI tRAG @re B rEit&ke which the
ribs 25 arg install ed against the current fromthe fan (6) can be 50 14
January 26695%estynkle t BuRipptdki Tkl Yraadries Ak Hhehdladgise NasB #1) (Refer
to Figure 8&Pbetmeen the axial direction and the direction tangent to the
current fPOWRSG VSLECLRE fHARNguERY CAFTreBt| L4yt thesebimshe cf® (C) is a
curve ere the angles (B a) which the curve (Cl) forms with the direction
tangent tBSIHED FHaltihey COFTRYF | dRFI]a0es iTFeM( BDSs @B $UIH ibesinde to
outside in the directjon of the radius of the fan (6), and the angle (B r)
at whi ch PREHEar PInaPpRI(48) r ABE ERYRIAF e thRstdPFed iTReaidantat el y
uniforn1in?the directioE of the, radius of the fan (6). Consequently, the
above- nent e F¥ih & ARLPSFEANGHEEAbELIeN 4R Fhe(diy meotd€ | arger on
the hub (6a .sid%_tgan in the dianmetrical position (Rcnmax) where the speed
component ¥ B Y AL *8F AR €thrent fromthe fan (6) in the axial direction
is largest, sp that it rees with the current actually flowing into the
fan guard (4)9? Rgs%rlcfl%f B ur RVt 1ok sﬁi}ﬁ/mteﬁ’a}’i“e\:i Gitle @ ER® &FPindri cal
ribs 2) are 20, cutyed in the outward direction whjch is the centrifugal
di rectl or?%nréi a&s’o ﬁ%claipﬁéaxi”ﬁa%e sur F 88 urclpaerrfdi%'lf# a?h?ocf‘%eeﬁr ve (C).
As a res j i agonal Iy, r he. | h.of the |indrical ribs (42).
The cyli # roimc%hreri ag1 (@) )éavle%%z oarfgoél‘r%ng%?rr\?% Gre 8§¥g?d8uhajﬁh?n t he

center, Z;?el%(&ittk}atoft k@lcﬁp%ﬁ QEri %é;nnt ieorbl.féen:e ct%sj?o%%t ir?l%é‘rgg}gl e B sl

14 January 2004°rs of 1ns nment ) e cylindr rbs becones
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 trectangular, there is
an advantage that the casing can be used without changing

25 the outer dimensions.
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| arger on the hub (6a) side in the direction tangent to the circle with the
rotation axis (0-O) as its center. Therefore, the effect of reducing noise
can be 5 obtained only by controlling the angle ( Bi) of the current in
the dianetrical position (Rcnaz) where the speed conponent (CZ) of the
current fromthe fan (6) in the axial direction is Iargest. Thus
controlling only the angle ( 8 i) nakes it possible th ¢ JanwasBe94ntial 10
angle ( Brs) of installnment in all positions in the direction of the
radius of the fan (6) agrees with the air current, w thout conplicated
setting of the angle (B r) 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 reduci ng the noi se can be obtained by a sinpler design. In
Figure 9, (LR A TERER, IPVRREH@R pendi cul ar to the curve (C ), and LP
indicates a line parallel to the direction tangent to the cylindrical ribs
(42). Further AGFETAIRE tHR pPesERIT e Y nEWentiRd  ndRoén Y2 Z&he of t he
boar d- shaped ribs (41) and the nunber (Zb) of the blades (6b) of the fan
(6) are r&faEtvEPYTBRTAEY ARMERHANSEheNS RIS it LSEsiandsn FRadheTurve (d)
f or med_ by %he air_outlet end (41b) of each of the board-shaped ribs (41)
and t h®e nFARoPREIBHsFY T DG alng e VA OATS JIRsy BRP iHeless thar edge of

each of the bl ades b) qf the fan 2 14 January 2004 coincide with
each ot heF ™ W3 r’é&% CF“EE érﬁl)r f%fc&%egﬁéﬁﬁ‘r%?ﬁ%?d toBshd4ddtati on axi s
(G-0), these urves (bC% C=) are d si}gegegato cross each other. Thus, since
the number (ZF5%f “BRePhtdsH- G 1§ N 45 RIFS P aIberthezb) of the

bl ades (6b)_ of. the f 6 | ativel j e, the nupber (Zr) of th
oar o sheBR TS A1) iobe o -Bafet Tidn N (11 o ShRoer () of

t he bl ade 6b) of the fan (6) _Mreover, .as shown in_Figure 10, when the
curve (@?h%tor%r% ° by °10%hF0j 8%?Fﬁg°8ac€hdcc§‘f ?lffefoarcgarc’%d@geo %2%d~bl ades (6D,

6b) ofy th af%a%e(@ibiss r(gt%?t.ed ignsu}gﬂe? Jmnner he}_ﬂsridt’o Igleo':?ké%rql%dpoi nt

position O curve ( agree w he m dpoint ‘posi he curve

R e

boar d- sha ) on’a surface perpen e rofation axis

(0 0) Oftl{J‘%afnaQGQ@caﬁg@sﬁﬁéﬁ\é%?a(ﬁ%%%%s.Cr055 each other. In general,

the current just ‘génerated aving a speed conponent in the

direction of yAQldldrOn wikent heief @lr Sn1BE! WBRCCY4RY) ackPoOyRdagy Laver or a
split 20 regi on devel oped on the negative pressurée surface of “the bl ade

(6b). Congfgeanttibs tPEIE 8re HBrE YrcR2AUBET haRS diavi Hgr ajfyLEent with
hi gh vel ocity anong tEﬁIbl ades (6b,$6b ) and rear stream pérti ons having a

curramst widds |@rayeloFcitne imedg Wydiibideical eash QhathevBlkadgef 6b, 6b). 25
When seen fromthe plurality of board-shaped ribs (41) 53

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 fibs (42)

c¢ross 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) so0o as to prevent the occurrence of

vortexes at the air inlet ends (42a) of the nearly

25 cylindrical ribs (42). Consequently, noises caused by the
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14 January 2004 side 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 (4l1la) alternately. As a result, the surfaces of the
boards shaped ribs (41) have a pressure fluctuati on whose main conponent is
a frequency corresponding to the product of the nunber aof revol utions N of
the fan (6) and the nunber (Zb) of the bl ades (6b, 6b ﬂﬂ"%HFEﬂygbhges
so-call ed NZ noise. 10 However, in the present enbodi nent, the nunber (Zr)
of the plurality of board-shaped ribs (41) and the nunber (Zb) of the

bl ades (6b) are nmade to be relativel rime, thereby making it possible to
shift in ?%?HF%?H?% e PRE: BREESERR vt Pen B EYEF eIt pane of the bl ades (6b)
15 and the plurality of board-shaped ribs (41) arranged in the
circunferential direction. As a result, the NZ noises have different phases

in the dirﬁfti§w1 f tgﬁ &adius(of the fan (6), which nakes the NZ noi ses
weaken eath® btiF o803 IPBe P etiifte the occurrence of the NZ noises. 20 On

the oth h when t (Cl, C=) . i dt incide wth h
ot her, the NEAGETSER i cHhel Toutibeeasy EnBEhor anspBY, e hen he
Q. f d py. [ecting th dge .of .each of th | ad 6b) of
The 1 dh (Byrats ot b b s (i ensinbPac tB8 it SHECard8 (@3F)1 or mod by
jecting t i tlet 54 .14 004_end (41b) of f th
Poar 0. shilfled CPPOSGHTY YA PEaiTabe ERpelTcurar (8 PP TOrSER axi o

(OG-0) of_the n (6), .the rear, st 0 e current_ fromthe fan (6)
pass t hr oG t%@e b(%é%"d-ls z‘i“ﬁ):e(Jenl'dlsbs{‘fijlf’lr%S ?%} ,%ES 19 ?t'?gﬁp%dof:l?’ﬁe radi us of
the fan (8),, Thi_s .reqarkably ingr.eases t.he ises resulting.fromthe
interfere @g’befﬁgen Re ?%%r‘%q¥€§h53998n1h%%gglé)es éhﬁn WgﬁgIYhe

boar d- sh [ 41).. _Th or. i he_pr. e inent, _.the curve
(C1) 10 ch{SL nﬁgqéﬁév?l(béz) ?%ﬁe glsei gxﬁ]n%%etggg}@%lg@é%ag ggt Etglre. 6 be nore

speci{fy c, C e e { h ot her when the curve
(S50, IR HBE (67 U s aPUpSe ke 8 !

The fan guard is wusually molded by pulling out two

molds in the direction of the air inlet ends (41a, 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 bcard-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, the molding is

facilitated by making the air inlet ends (42a) and the air

25 outlet ends (42b) of the nearly cylindrical ribs (42) be

33




position of the curve (Cl) fornmed by projecting the air outlet end (41b) of
each of the board-shaped ribs (41) on 15 a surface perpendicular to the
rotation axis (OO of the fan (6) agrees with the m dpoint position of the
curve (Cz) forned by projecting the rear edge of each of the blades (6b) of
the fan (6) on a surface perpendicular to the rotation,lgx‘la%éjéc}g%] f the
fan (6). 20 This structure can shift in tinme the interfér ™ en the
rear streans 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), i.ch nmakes .t he noi ses weaken 25 each ot her,
so as to ?%%c%r?%u‘%gcﬁﬂé‘m eofa’trhemr%lftSéyéslzf@‘&Hu& 4 3di ses. Thus,
according_to. the ove-descrihed structure, the fan quard (4) can be
further tﬂ??ljf]%%,e!‘%%i I(gl i?l%a'b’h‘? 53 ésg??gﬂtgﬁbﬁ 94elgud ng the noi ses and
preventing the 5 occurrence of a short circuit. As shown in Figure 4, in

the fan guard (4) of the present enbodi nent, the board-shaped ribs (41) are

desi gned be arc in cross section at the air inlet ends (41a) and the air
out | et enﬁﬁf’)(i’f%t,eeaﬁa i%v%%t]gor'hdual ly 10 thinner in the direction fromthe

air indet end 4 towards the. air aqutlet _ends (41b). The air inlet ends
(41a) rHof t he %%"(ér%i-af)stﬁéa SRR rce&?ltcﬁsbgoa?e TP 408 PGn as shown
in Figure, 1L (A)._ ho er uch a_.shape causes i,gh pressure | oss at the
15 air in F“e‘{lc(een S Z}%gg,wﬁir% V causi Wy aélée 03plq'1ht%sa 3’319?"&39 on the
negative pressure_surface.side. As.a result e.air inlet en (41a) of
this shap‘gglgcr egili 3rl§1¥y°?i %ng%ﬁgsgal}soe é)up]):rtéeséghzge lfllvﬁg%‘h%??'on %ﬁet he rib
evel .. 20 Since the current from

i rces A IESh R BLTE, ot DA ShucfOas pes LiBpENET e I
112, e L barss 498 4 SR, il 505005 e g Lblbyet oo over
10 side unit (50) includes at least a heat exchanger and a
fan stored in a casing (51). The casing {51) 1is 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 preeents 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

20 circuit further effectively.
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25 (41a) of the board-shaped ribs (41) are designed to be 56 14 January
2004 approximately arc in cross section so that the pressure fluctuation on
the rib surfaces can be reduced effectively even if the angle at which the
current goes into the board-shaped ribs (41) fluctuates over tine. 5 In
that case, the air inlet ends (42a) can be various shapes including the one
shown in Figure 11 (B) where the end (42a) is thickenedl4dapeasytidfdd |i ke 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 si de Lpwards . downst ream si de. However, when the thickness of
the air inlet end f%?é%:@?ggi Rer eI TR &Fr Ghe afamhewATAn @igure 11
(B), the efd f.Rreyenting split of current is not sufficient in the
downst r eam si de g’festgﬁe\éﬁéﬁgtlg%ﬂe HradESutdespresgere 15smenst drawershe one
shown in Rigure Ll (c) 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 flucijat on the rib_surfaces can be effectively reduced 20
even if the angﬂf%l WD nBlsRS i ot T edfRgeIEnt Fx hBaBeaddtdkapatl ribs (41)

fluctugat e, Quel ti her. further inproving the above-nentioned effect
of reduci %g t he niorrg‘éPéTﬁé%?%EJC %a??oﬁc%e?aq’i“rﬁa ?h tthe afap e(B . which the

25 currentngees d4da t board-shaped ribs (41) of the fan 57 14 January
2004 guard (4) incregasgge agéi ?mglgf‘g MEGLER (B thePtReE: eBfedSoftehe bl ades

(6b) of theghan g,@.om%ggnék{mémabovenenti oned cross sectional

profiles can nake the fan guar 17 Ehi nner in size. 5 On the other

hand, in the gage he t j Iy d.nlet.en 41a) are designed to be nearly

arc in cross sect?%ﬁr}%gg sa[}%v\girlhrétﬁ %’b‘%ses?‘i’f‘-(c?;awﬂ the bedrdte air

outlet endpafddb)ridze (££fangqul gp. qle%rrqss_%}gﬂi n like the one in Figure
Si

12 (A), vortexes occur In the downstrea ;i rical ribs (42)
10 approximately arc in cross section, the fan gquard (4) can
be designed further thinner.

Providing the sealing plate (43) at the center of the
fan guard (4) restricts the interference between air
flowing towards the air outlet and the reverse 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 bhe
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 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 (8) and 12 (c). However, these profiles are not the only
condition to nmake the current fromthe positive pressure surface and 15 the
current fromthe negative pressure surface of the board-shaped ribs (41) be
snmoothly m xed in the downstream side of the rear edges1,4dlﬂ'|'"é¢fym4t he air
outl et ends (41b) of the board-shaped ribs (41). In the fan guard (4) of
the present enbodi nent, the 20 board-shaped ribs (41) are designed to be
arc in cross Lon,at_the air inlet ends (41a).  and the air outlet ends
(41b), and as%'gl g\%v% Pt U 966 TRk ‘fh‘?"élf#es@e( P gra¥rfechir outl et
ends (41b£ '1?3 g&?r'h?ried to beconme gradually snmaller than the maxi num

t hi ckness f" |51 of the 25 air inlet ends (4l1la). 58 14 January 2004 Thus,

t he board'Sha?‘igu%bﬁ ;41) ar e gesigned to be nearly arc in cross section
at the air inlet ends (218 &R43%58° hBeﬁfﬁ’e%ttft"ieet"](%’ﬂé’f(4tlﬂﬁ.méFH?therrmre,
the thick =), of . the air outlet ends (41b) are designed 5 to gradually
becone srrg??grégh%hr? {RE u)%l’:crlru?#t%ﬁ%%&eé‘t( T1) of the air inlet ends (41a).

These gdesignsptacilitate the mxing of current fromboth sides of the rib
surfacgei whi chpég‘gt%sgi red? aPEFy 1af t EFTFPRECHOIRsY A EEmSoHdngr e rear

d f d- d.ribs (Al) _ thereby making 10 it harder to devel
Vort oxes DOk R iU k) boREekpadtt | MpRochr e estalian te oy

exerted e Yhehl 4 is necessary to increase the thickness of the ribs
(41) in oﬂr!@geh to Eré\ﬂ de enough strength. As shown in Figure 4, the air
inlet ends ( t 5 i ical ,rnibs (42) are nore protruded forward
than the ai r4|?n uelig esngg %4¥%¥Lo$g(§°ﬁle§go§§lredF’?%Séeamp?%%ertﬁl(ﬁr)\M’ﬁfl e the air
outlet ends (AdDen?l g QYliinn 'C?J- i 4 nore protruded toward
the rear than théenai rl oufl etJ"neﬂ:rée i‘f%)cgti)?{ltﬁ% %(E)lgr 553%5 ea%r:ég§ (41). 20
when gohe @@QQstﬁ@?QmQ{.d__tg}%Jﬁl L8k B Sﬁmﬁ%ﬁﬁr@ﬁ the positions of the

at so

board-shaped ribs (41), it I's inevitablet e "vort exes occur on each

surface of therdioas dehaped (hls CALONARC,QUIET (e0dy bhe, eyl i ndri cal

ribs (42), whic re along the current”from B5 al nost no

vortexes.thed 1ind4 (danugddmedD 04, HE VB oiReBtt BRaabe LRLEt ofNPRe(41a) of
the board shaped ribs (41) are nore protruded than the air 1In et ends (42a)

of the cyoamdrshRaped | bbb 4zh)d MM t @R tAGaUk adbehber8l EnbNLEL gpds (42a) of
the cylindrical ribs (42) in 5 the portions where the board-shaped ribs
(41) andcyBéndyicadrdiasd im Babod2pest 05S each other. Therefore, in the
present enbodi ment, the air inlet ends (42a) of the cylindrical ribs (42)
are fbre protigded 8has theiewrshobiig ends dedbalioabnlipeahdny dehaped ribs
10 (41) so as to prevent the occurrence of vortexes at the air inlet ends
(42a) of sphedcydmprirdntal (Qzi:psof 42he Consaquenisiky gehbeated gy aadised by the
occurrence of the vortexes can be prevented.

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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The fan guard is usually nolded by gulling out two 15 nolds 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 (4l1a) and the air outlet ends (41b) of the
boar d- shaped ribs (41) were nore 20 protruded than the  ai inleé @gds (42a)
and the air outlet ends (42b) of the cylindrical ribs @ﬁ}%wuﬁﬁd PRt or

ot her problens woul d occur at the portions where the boardshaped ribs (41)
and the cylindrical ribs (42) cross each other. As a result, it would take

tinme to |d the fan 25 ard_(4). 4 Januyary 2004 Therefore, in the
present ;T%t\l/aépnei(:{]oﬂl,bst h%ndrrg? | n‘g:g"(lf S f g‘%’l i%’g{“& Y RERISGEERE 83N nl et ends
(42a) and air outl.et ends .(42h) of the | pndric rihs 2). nore

protr udedm% hn:a‘inne 458 aPPIFRI %g %I%eds%,) 5%5) °§n‘dﬁ¥h%a’éi T %ﬁc’éﬁm?%gn s (41b) of

t he board-shapeqnag (ég_.cégésor%%&ﬁt%a ake goug%eégeasures 3§%inst noi se
due to the vortexXes, tHe aiF I " ende(43aFVdf Ctn& "y PrRdAPCE’ ribs (42)
can excl usj vel re_pratruded.than t aj.r inlet ends (41a) of the
board-shé%gﬁ;F%bggfzg?érékéh IEFEB E&Aﬁikﬁéﬁﬂ%thZ'enbodinents descri bed
her ei nbef ore, ,as sho in Figure 4, the cylindrical .rifhs (42 ave the sane
ef f ec?’s as thFél yoar d%hgﬁgd %u yS (5?3:@%1%11% résuf'y Pﬁatgf%ebg%‘FQIS i nl et

ends (42g) a%re% g-??%%ﬁ%;ﬁx;%é{%«;ﬁ?"@“ mately arc in cross section. The
: 1 5 .

cylindrical "rib have an approxi mately uniformdianeter fromthe air
inlet ends ( 0 t.he _ai |, et ( ) N Lgure 11 (c) so
as to facili %f&élrtﬁollgi glgs pa;r%&’n}}anschgj%(g I%ﬁgt 8§§F§?ﬁ§@%‘§,’?i‘%r?§%| ribs (42)
can have s st ure.a e £S d ribs ) .. To_be nore

speci f | C1aBJa1§1$%g8m isrrf;%dgurgg B{A{ngg?g% E%‘)% i%hghefaéc}lil ilﬁdng% ribs

(42), they;3iebrisBhehs PAS £§ﬁska&d ﬁk{&?i%ingf(%?t ;g tﬁ@dﬁifrllgmmgzg& be arc in

cross section, and the 25t ness he air outlet en (42b) can
be mage Ghit.

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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14 January 2004 gradually smaller than the maxi mumthickness (Tl) o the air
inlet ends (42a). Consequently, the cylindrical ribs (42) can provide the
sane effects as the board-shaped ribs (41). 5 -EMBODI MENT 2 Figure 15 shows
the structure of the fan guard of the air blowi ng unit of Enbodi nent 2 of
the present invention. In the present enbodinent, the sealing plate (43)
which is shaped like the frane (4a) of Enmbodinent 1 is WoJanuay@@08y 45
degrees on the rotation axis (O-O-) of the fan (6). In other words, the
sealing plate (43) is so arranged that its diagonal lines are in the
vertical gpd horizontal directions. The other features of the structure are
identical Wth those of Enbodinment 1. 15 In this structure, the sane
effects as ianngodigﬁnt 1 can_be obtained. -EVBODI MENT 3 Figure 16 shows
the structure of the“fanSgfard ot tHeE 203 isgni tigamni 21859 Erdi nent 3

of the pr t.invention. In_{he present enbodi nent, the sealing plate (43)
of the sagéggt%ugtﬁge%égufﬁ %ﬁbSBgﬁéﬁﬁ 4he SSHAGYITS Yo Hhe prioel e
concentrig,. .éfktﬁ¥% Lotatiog axis (O-O) of the fan (6). 25 In this

structure, the sane efPelfdtas in Enbodinent 1 62 14 January 2004 can be
obt ai ned. - EMBODI MENT 4 Figures 17 and 18 show the outdoor unit (50) which
is 5 a heat source side unit of the air-conditioning device of Enbodi nent 4

of the present in j Lj odinent 1. the fan quard (4) is applied
to the outdoor uni S%PEA#$§0%MQUHO?HFIFW’?%&%, t he outdoor unit
(50) is connected with a plurauégé)%&EF&d or 10 units, which are user's

side units connected by a refri Y bifng to forma refrigerant circuit

bet ween the Oyiéﬁygé an%rgﬁgh ?Edshgg LQQOPEnLEEJEE of Embodiment

1 of the present invention, which is used in an air

10 blowing unit 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
tc the above-described outdoor unit of the prior art

13 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 éover 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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Unlike in Enbodinment 1, the casing (51) of the outdoor unit (50) is oblong
rectangul ar. The casing (51) includes 15 a conpressor, a heat exchanger,
and two fans, which are riot 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 f l.indrical bell 20
mouths (53, 53y are protruded corresponding to the two tAHaNUaNL4%p end
surface of each bell nouth (53) is designed to be the outlet (54). At the
top end of the bell nouth (53), the fan guard (4) is installed. The fan

d (4), i.Gh | t I i Enbaqdi t 25 1, is desi, dtob
o' rou o RtER" EIRR! THIS hent. SN nER R At ar R AdDROT o8 Ul . ¢ he
frane (4a), ehpesfggnggarg (%% ig.circular. Simlar to Enpbodinment 1, the
fan guard (1% ConpPi 888  An™AppPox I HREEHTCT et ahgtd wo% 2t i Wie pFake (43),
boar d d_ri.b : d cylindrical ri 42) all of which h th
sane strudeire Bhater FERra Bl P adiiie el FRAtR AR 0arte (BT or

Enbodi ified I f Enbodi t 1. Enbodi t 4 h
oL TN £2681 (35, MBS Lhg s NaIRAE O FTOQULISRY oLy ErbOGLIEDt 4 e

two fans an guar ds

realized QXepEPWE£“&@1RQFof%Q nd one { n guard (4). Instead, it is
Pe L8%p HE oo P ans D

possi bl'e to provide nore than ahs'dnd nore than two fan guards (4).
e an guardant)o gl EIbes TR0t fogan e obl god,pe. 1 (heaTop ouard (4
Che cont rarye 1he Parban o, 10 ABatbi RadFe St it Bhosafii mace "
uar ds”( 47F carrlsd-ERRBE e BLel Mgl 3 PR ERDOBMIERLLT 16 4, the
novever,  The-bara bRl AEE AR Sl Tne prasent T nvention can be 25
i ncl i ned Straiﬂ@tffdhélYiaqi&§05£fﬁh§gdrfniyﬂeogegimétg%f5¥]é%% 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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14 January 2004 (6) froma point on the inner circunference to a point on
the outer circunference. | NDUSTRI AL APPLI CABILITY 5 As descri bed

her ei nbefore, 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 suitabl to the hea source
s?ge unit of the air-conditioning device. 10 65 66 1414 aﬁﬁﬁ?@’é@@%

IS CLAIMED IS: 1. Afan guard of an air blowing unit conprising: a frane
(4a) arranged around a perineter of an air outlet (2a) of a fan (6); a

I lit d {41, Al t II f t
bt "the cont s PR IRRREC TS Sliadiabat rabe: (2L ok W aprIe%ErfIsvg?' the’
f 6 I d bs (42,9 whi ch
ot egr at eﬁ%ﬁ%r""*Iuraﬁ.&eo éoaiééﬂgé'g | PR 0 Ut anged
concentric roynd [ota XIS (0-0") of the fan (6) at

éﬂ%?/é% %@ garﬁ} %ﬁ;ﬁf ricaly

predet er m ne iHterva I rection of the radius of the fan (6), the

lurality of bg 4 b d d
di rect i on Sf B SRR EBSed %3tl°d°§|s§5f‘%e$“%%%adﬁ” #idabei on of

fI t 42 h of
?Ihtra nearl y chI rlriga ﬂﬂeé)@)r&%}elra? nﬁ%‘gg}%?gr g*P ’hziI ag r‘Q'LF‘ﬁﬁgt Ce)nd
41 f b 4 04 2. Af
Cuary of o a'.‘?be*E‘%I RER | £ plePELal 's.%@é i piRal %5?92?$§I¢giﬁaround a
t t : of d-sh d
P?[)Isn?4(lar4v§h) ex'?{a:I ﬁ;elnr%a(?@% y - farl%m gﬁ\}l(egl) ﬁlltﬁf? 0 re}L Ifa:]i%% ? ?O%F‘ tf]eaIP(raarre

9 t f di f I it f
hea S”CI’?fIh%dIrP’tgr%IS%*I%Zwi-f 3 B en et pfutiy eaa?%et RGP e 11y ot
boardshapqq,srtmmé&@ ﬁI t)h@raqr@t:eaageaf R 62! Lye 2D, hgs a rotation

axis (0-0") of the f (6) at predeterm ned Intervals |n %ﬁrectlon of

theradlus ofﬁhef@t}gg),é{ggIpr b negt i a t end
(41a) and an air outlet end (41b) %f%’f’:ﬁ?‘:@?‘%?he&%l e .“I%“‘%f ‘Ebard shaped

ribs (91) foRm@dChYSpre§sét Oy PehdeAtt Coth@led Godti | {41y Clp {4 by the air
outl et end (41b) of each of the plurality of: boardshaped ribs (4ly and

i nclined fchem pherd1itgt | 08 @daxd8hebedofridie fam) (®n by aspredet erm ned
angle (B r) of installnment in the direction. "of rotation'of the
perpendicular to the rotation axis (0-0") of the_fan (6),
as shown in Figure 5, a line (A) conhecting a point (PL)
15 on the air inlet end (4la) of eaqh'of the plurdiity of
board-shaped ribs (41) and a point (Pi) on the_ai£ ocutlet
end (41lb) 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).
20 In addition, a point (P:) on the outer circumference
of the air outlet ends (41lb) of the board-shaped ribs (41)
is positioned at a point rotated in the direction of
rotation of the fan (6) from a straight line (B)

connecting a point (P.) on the inner circumference of the

25 air outlet ends (4la) and the rotation axis (0-0’).
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fan (6), and 68 14 January 2004 a point (PZ) on an outer circunference of
the air outlet end (91b) of each of the plurality of boardshaped ribs (41)
positioned at a point rotated in the direction of rotation of the fan (6)
than a straight line (B) connecting a point (P1) on an inner circunference
of the air outlet end (41b) and the rotation axis (0-0"), wherein the air
inlet end (42a) of each of the nearly cylindrical ribs (42pnuenn2pes
protruded than the air inlet end (91a) of each of the board-shaped ribs
(41). 3. The fan guard of an air blowing unit of claiml or claim 2,
wherei n an mn@gugl nsi on. t/rI %the frame (4a) is designed to be

| arger than an i nner aeapr?e’t et /‘f atf‘P e (@de O8f thige air

outl et (2a (téﬁz | e%hb fan ard (4& . The fan guard of an air

bl owi ng un| ai At ¥ %I%or?l HiRAeFBE natherytiint E&F) (BdPde@tby the air

outlet en £0f, ,each, of );%e Wﬁ?sha ed ribs (41) is a curve 69 14
r§

January 20 V\/ner e tahne aﬁé\’ﬁ ’ﬁé‘aPFﬂe 1iks) {dths AN th a

di rection t th rIy ndrical ,ribs (42) grows frominside to
out si de | nstutm%g F(I)]ﬁl het? ag*%srBFth%“f%”( 65° % ) T& £BA guard of

an air g n|t ofosclltallogpeé erei,n . said an (B r) at which the
boar d- shapeél gﬂdés 4B doPRSt &F) 8dpl§’trr§8§a5ﬁgrbﬂl ﬁaﬁeﬂyreeaaam to an
CRema) it Ry e (S eman AP FEFR. P! i obin CHES alBT6) i n the
axi al - 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.
On the other hand, the cylindrical ribs (42) are
extended in such a manner as to be approximately ﬁniform
in diameter from the upstream side to the downstream side
of the current. The air inlet ends (42a), which dre the
15 ends of the air inlet side of the chindrical fibs (42)
are formed to be arc having a large curvature.
The board-shaped ribs (41) are so formed that the air
inlet ends (41a) 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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direction is the largest and is approximately uniformin the direction of
the radius of the fan (6). 6. The fan guard of an air blowing unit of claim
1 or claim2, wherein a nunber (Zr) of the board-shaped ribs (41) and a
nunber (Zb) of blades (6b) of the fan (6) are relatively prinme, and when a
m dpoi nt position of the curve (Cl) formed by the air o*%let end_ (41b) of
each of the board shaped ribs (41) and a midpoint posit i‘ddaBgaLy e 70
14 January 2004 (C~) of a 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 ( urves Cl, Cz) cross each other. 7. The fan
guard of §§h3r Q%Isgdwn Uhi't 96 cfaim 1 or claim2, wherein the air inlet

enc (410 of s3ehopl il bﬁ%:?cz.“%ee%#'@aénaafgogb§>“§s%a{g [l ghacra (410)
section. ot (O 9UBLS ol AN BoAn it Bl oryclaim
board_ShaQSQréﬁPsg ﬁl%lné’r at hgrec‘l:‘\é?‘trlgnlned speed component in the
5 direction of rotation of the fan (6). In contrast, in the
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
16 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 resfrict 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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cylindrical ribs (42) is designed to be smaller than a maxi mum t hi ckness
(T1). 9. The fan guard of an air blowing unit of claiml or claim2,
wherein a sealing plate (43) is provided at the center of the frame (4a)
corresponding to the rotation axis (0-0"). 71 14 January 2004 10. The fan

guard of an air blowng unit of claim1 or claim2, wherein the (4a)
is approxi mately rectangul ar. 11. The fan guard of an aﬂﬁJBFBﬁﬂﬁéﬁﬁg?t of
claiml1 or claim2, wherein the air cutlet end (42b) of each of the nearly
cylindrical ribs (42) is nore protruded than the air outlet end (41b) of

each of the board-shaped ribs (9%) . 12. An air-conditioning devi ce

provi ded iussente ePphadiests (4 drafRe (480 Bf oWhigfamiauash &RAi A1 or claim
2 conprising: a heat source side unit_(50); and a user's side unit, wherein
the heat s¥Figeedi deourk® EFOFOFARALRILS Fect@agular hett &6ERIABER and a fan

stored in a casing (51), and the casing (51) is provided wth an _air outlet
above. s a result, the curréent from the fan (6) is led

to the four corners of the fan guard (4), and in
5 particular, the velocity of the current 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 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. Conseguently, 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 cf 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 illustrated. When the frame (4a) 1is
approximately rectangular, there is an advantage that the

casing (la) can be used without changing its outer

25 dimensions.




(59) covered by the fan guard (9).
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5 (4la) 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) (Refer to Figure.S). In

10 addition, the point (P2) closest to the frame (4a) on the

line (Ci) 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 line (B)

connecting a point of intersection-(O) 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

46




U& ()-*10% U& ()- 10% U& ()- GL0% U& ()-g*=~_@ 10!
U2i | 109HGh& ()-)!\.110% Ui U& ()-!1UP()10% U U& ()-1' 10% U& ()-, 940%

U& () - PSH&L0% U& ()-X-\= 101 10%r& ()-!'\*10%r*r& ()-!10%ré& ()- 10 U 10
U 10 U 's10% U& ()-12i110% U U& () - X>zX9~\ =

10\L! 10%r& ()-!8H L! 10%rbr& ()-!U 10%r*r& ()-P) 10%r &, ().-.! %y & ()-!
10%*r*r&'£)-!() 111 aB7= 1r1(r)*rf:?slo%r&'E)fswl(')lowg*r&'(;ﬁlég’)i‘ﬂb}@wg@{sz()

10%r& ()-!GM10%rqr& ()-3' )10%ré& ()-!

possible.

In the fan guard (4) of the present embodiment, the
inner dimension (%¥,) of the frame (4a) is designed larger
than the inner diameter (¥,) of the air outlet end of the

5 bell mouth (5) arranged on the perimeter of the upstream
side fan (6) of the fan guard (4), that is, of the edge of
the air outlet (2a) on the air outlet side kRefer to
Figure 2}.

In short, the inner dimension ( ¥ i} which is the

18 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 (ia) 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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5 direction 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 (f a,8
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 directioﬁ 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 ( 8@ r) at which the board-shaped ribs (41)
are installed is designed to be approximately equal to the
angle (8 i) at which air flows from the fan (6) in the
diametrical position (Rcmax) where the speed component
(C2) of the current from the fan (6) in the axial

25 direction is the largest and is approximately uniform in
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the direction of the radius of the fan (6). In other
words, the angle (8fr) at which the board-shaped ribs (41)
are 1installed (Refer to Figure 5) is designed to be
approximately equal to the angle (8i) (Refer 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 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, thé 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 thé fan guard (4) is larger than the
angle (6 i) of the current just generated by the fan (6).
In addition, as shown in Figure 14, the angle (&@i) of the
current Jjust 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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the angle (& r) of installment in a manner to make the
5 angles (i) and (fn) equal to each other.

Therefore, in the present embodiment, 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 (8 @) (Refer to Figure 7) which the
curve (€1) forms with the direction tangent to the
plurality of cylindricél 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 (@i) (Refer to Figure 8) of the current in the
diametrical position (Rcmax) where the speed component
{(Cz:) 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 the 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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direction tangent to the current flowing into the fan
guard (4).

5 In that case, the curve (C,) is a curve where +the
angles (@ 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 (8r) at which the board-shaped

10 ribs (41) are installed is approximately uniform in the
direction of the radius of the fan (6). Conseguently, 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 (Cz;) of the current from the fan (6) 1in 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 8
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rs of installment) of the cylindrical ribs (42) becomes
larger on the hub (6a) side in the direction tangent to
the circle with the rotation axis (0-0") as its center.
Therefore, 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, controlling only
the angle ( 8 i) m#kes it possible that the substantial
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 (fr) at
which the board-shaped ribs (41) are 1installed in the
direction of the radius of the fan (6). As a result, the
effect of reducing the noise can be obtained by a simpler
design. In Fiqure 9, LR indicates a line perpendicular to
the curve (C:), and LP indicates a line parallél to the
direction tangent to the cylindrical ribs (42).
Furthermore, in the present embodiment, the number
(2r) of the bhoard-shaped ribs (41) and the number (Z2b) 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

rear edge of each of the blades (6b) of the fan (6)
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5 (41) and the number (Zb) of the blades {(6b) of the fan (6)
are relatively prime, the number (Zr) of the board-shaped
ribs (41) does not agree with a multiple of the number
(zb) of the blades (6b) of the fan (6). Moreover, as
shown in Figure 10, when the curve (Cz) formed by

16 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 (0-
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 1is 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, 6be-).

25 When seen from the plurality of board-shaped ribs (41)
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alternately. As a result, the surfaces of the board-

5 shaped ribs (41) have a pressure fluctuation whose main
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 (Zr) 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-shéped ribs (4l1l) 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 c¢f the NZ noises.

20 On 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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fan (6), the rear streams of the current from the fan (6)
pass through the board-shaped ribs (41) in the direction
o 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) and the board-shaped
ribs (41).
Therefore, in the present embodiment; the curve (C;)

10 and the curve (C;) are designed to cross each othér. To be
more specific, the curve (C,;) and thé curve (C;) cross each
other when the curve (C;) is rotated 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
(Cz:) 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 NZ
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noises.

Thus, according to the above-described structure, the
fan guard (4) can be further thinﬁed, while maiﬁtaining
the effects of reducing the noises and preventing the

5 occurrence of a short circuit.

As shown in Figure 4, in the fan quard (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 (41a)
towards the air outlet ends (41b).

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

15 air inlet ends (41la), 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
beoard-shaped ribs (41) of the fan guard (4) also
fluctuates over time.

Therefore, it 1s preferable that the air inlet ends

25 (41a) of the board-shaped ribs (41) are designed to be
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board-~-shaped ribs (41) fluctuates over time.

5 In that case, the air inlet ends (42a) can be various
shapes including the one shown in 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 is

10 reduced from the upstream side towards the downsfream 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 (c) or 11 (4) is

preferable.

In the cross sectional profiles 6f the air inlet ends
(4la) 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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mentioned cross sectional profiles can make the fan guard
(4) further thinner in size.
5 On the other hand, in the case where the air inlet
ends (4la) are designed to be nearly arc in cross section
as shown in Figures 11 (¢) and 11 (d), if the air outlet
ends (41b) are rectangular in 'crosé 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 ﬁegative 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 embocdiment, the
20 board-shaped ribs (41) are designedlto be arc in cross
section at the air inlet ends (4la) and the air outlet
ends (4lb), and as shown in Figure 12 (b), the thickness

(T2) of the air outlet ends (41b) is designed to become

gradually smaller than the maximum thickness {T:) of the

25 air inlet ends (4la).
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nearly arc in cross section at the air inlet ends (41a)
and at the air outlet ends (41b). Furthermore, the
thickness (T;) of the air outlet ends (41b) are designed

5 to gradually become smaller than the maximum thickness
(T1) of the air inlet ends (41la). 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

160 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) in
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 outiet 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 is 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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ends (42a) of the cylindrical ribs (42), vortexes occur at

the air inlet ends (42a) of the ¢ylindrical ribs (42) in

5 the portions where the board-shaped ribs (41) and the
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 (4la) of the board-shaped ribs

10 (41) so as to brevent 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 (41a, 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 (41a) 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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outlet ends (42b) of the cylindrical ribs (42) more
protruded than the air inlet ends (4la) and the air outlet
5 ends (41b) of the board-shaped ribs (41).

In order to take countermeasures against noise due to
the vortexes, the air inlet ends (4éa) of the cylindrical
ribs (42) can exclusively be more protruded than the air
inlet ends (41a) 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
approximétely 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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gradually smaller than the maximum thickness (T:) of the
air inlet ends (42a).
Consequently, the cylindrical ribs (42) can provide
the same effects as the board-shaped ribs (41).
5 ~-EMBODIMENT 2-
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 platé (43)
which is shaped like the frame (4a) of Embodiment 1 is
10 rotated by 45 degrees on the rotatibn 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 andg
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 séaling plate (43) of
the same structure as in Embodiment 1 is designed to be a
circle concentric with the rotation axis (0-0") of the fan

(6).

25 In this structure, the same effects as in Embodiment 1
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-EMBODIMENT 4-
Figures 17 and 18 show the outdoor unit (50) which is
5 a heat source side unit of the air-conditioning device of
Embodiment 4 of the present invention.

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

10 units, which are user’s side units 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 ocutdoor
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 éasing (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 recténgular in Embodiment

25 1, 1is designed to be circular in the present embodiment.
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701 10% (%Efbgkk%égh%%, the frame (4a) of the fan guard (4) is
circular.
Similar to Embodiment 1, the fan quard (4) comprises
an approximately rectangular sealing plate (43), board-
5 shaped ribs (41), and cylindrical'ribs (42) all of which
have the same structure and effects as in Embodiment 1.
The fan guard (4) of FEmbodiment 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
pPossible to provide more than two fané and more than two
fan guards (4).
The fan guards (4) of Embodiment 4 can be replaced by
15 the fan guards (4) used in Embodiment 3. Toe be more
specific, the sealing plate (43) cgn 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 like in Embodiment 1. As a
20 result, the frames (4a) of the fan gquards (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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INDUSTRIAL APPLICAB ILITY
5 As described hereinbefore, the fan guard of the air
blowing unit and the air-conditioning device of the

pPresent invention are useful to any apparatus provided

with a fan, and particularly suitable to the heat source

side unit of the air-conditioning device.

10
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bQ#ﬂ!!1P|)10%&() a frame (4a) arranged around a perimeter of an
air outlet (Za) of a fan (6);

a plurality o¢f Dboard-shaped ribs {41,41)
extending radially from a vicinity of the center of
the frame (4a) cutward in a direction of a radius of
the fan (6); and

- plurality c¢f 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 (&) at
predetermined intervals in the direction of the
radius of the fan (6), the plurality of board-shaped
ribs (41,41") being curved outward in a direction of
rotatioh \éf ﬁhe fan (&) and also inclined in a
direction of air flowing from the fan (6),

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

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

ribs (41).
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a plurality of nearly cylindrical ribs (42,42")
which are integrated with the plurality of board-
shaped ribs (41,41+) and arranged éoncentrically
around a rotation axis (0-0') of the ’fan (&) at
predetermined intervals in the direction of the
radius of the fan (86},

with a 1line (A) connecting an air inlet end
(4la) and an air outlet end (41b) of each of the
plurality of board-shaped ribs (41} in  & Ccross
section perpendicular to a line (C;) fcrmed by the air

outlet end (41lb) of each of the plurality of board-

shaped ribs (41) and inclined from the rotation axis
(0-0") of the fan (6) by a predetermined angle (¢
r)of installment in the direction of rotation of the

fan (&), and
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line (B} connecting a point (P;) on an inner
circuﬁference of the air outlet end (41b) and the
rotation axis (0-907),

whereiﬁ the air inlet end (42a) of each of the
near;y cylindrical ribs (42} is more protruded than
the air inlet end (41la) of each of the board-shaped

ribhs (41).

3. The fan guard of an air blowing unit of claim 1

or claim 2, wherein

an inner dimension (¥4)- of the frame (4a) is

designed to be larger than an inner diameter (yr) of

an air outlet edge of the air outlet (Za) upstream of

the fan guard (4).

4. The fan guard of an air blowing unit of claim 1
or claim 2, wherein
the line (C;) formed by the air outlet end (41b;

of each of the bhoard-shaped ribs (41) is a curve
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5, The fan guard of an air blowing unit of claim 4,
wherein

said angle (@ r) at which the board-shaped ribs
(41} are installed is made approximately .equal to an
angle {f# 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 the radius of the fan {(6).

6. The fan guard of an air blowing unit of claim 1
or claim 2, wherein

& number (Zr} of the board~shaped ribs {41) and
a 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
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. The fan guard of an air blowing unit of claim 1

¢r claim 2, wherein

the air inlet end (4la) of each of the board-
shapgd ribs {41) or the air inlet end (41b) of each
of the neafly cylindrical'ribé (42) are approximately

arc in cross section.

8. The fan guard of an air blowing uniﬁ cf claim 1
cr claim 2, wherein

a thickness (T;} of the air outlet ends (41b,
42b) of the board-shaped ribks (41) or the nearly
cylindrical ribs (42) is designed to be smaller than

a maximum thickness (T;).

9. The fan guard of an air blowing unit of claim 1
or claim 2, wherein

& sealing plate (43} is provided at the center
of the frame (4a) corresponding to the rotation axis

(0-07) .
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10. The fan guard cf an air blowing unit of claim 32

or claim 2, wherein

the frame (4a) is approximately rectangular.

li. The fan guard of an air blowing unit of claim 1
or claim 2, wherein

the air cutlet end (42b) of each of the nearly
cylindrical ribs (42) is more protruded than the air
outlet end {41b}) of each of the board.ﬂshaped ribs

(41) .

12. An air-conditioning device provided with the fan
guard (4} of the air blowing unit of claim 1 or claim
2 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 stecred in a
casing (51), and

the casing (51) is provided with an air outlet

(54) covered by the fan guard (4).



