SPECI FI CATI ON TI TLE OF THE | NVENTI ON Axi al fan TECHNI CAL FI ELD [ 0001] The
present invention relates to the shape of the axial flow fan of an air

bl owi ng section in an appliance required to blow air, such as a fan, a
ventilator or a heater. BACKGROUND ART [0002]FIGS. 3 and 4 are expl anatory
views show ng an axial flow fan having conventional five blades. FIG 3 is
a front view showi ng a conventi on8PECNMEECABHGN axial flow fan, and FIG 4
is a perspective view showi ng the conventional five-bladed axial flow fan.
FIG 14 psoqpvi ,ﬁ@m&@gﬂl@go@pr ead of the wi nd generated when the
conventional five-bladed axial flow fan is rotated. FIG 16 is an

expl anatory vi W.sgovgaﬁ_g an axial flow fan having bl ades, the nunber of

whi ch is made 5%& r n that of the blades of the conventional axial flow
fan, while the shape of the blades renmains the sanme. [0003] Conventionally,
an axi al TECONICAE HalFhg three to five blades, in particular, an axial flow
fan having five blades shown in FIGS. 3 and 4, is frequently used for
general fan®1dr the ThkeprSismoe surhenhiaxi alelfAt®e fam FBeedhRrPEo ol thShen
it is produced, the shape of the fan has been unchanged for many years.

[ 0004] Fugt.hanmig,y asashemnahnafk-Gh1lklvindg sbetdase itthatn td@ptbauent i onal
axial flow fan having five blades, 30 cmin dianeter, was rotated at 800
rpm the_dianet 0 i 1 nefat.ed oMyt x4+ o-f an was 50
cmat a 583?35&? §Jm%€‘§‘§’/m%?gm tgﬁ%%f %{)ﬁfoﬁ{lhgha)k(}i%gf% flow fan; the spread
of the wind was al nost negligible. [0005] However, for exanple, the w nd
generateHeBVEé'fan is frequently required to be distributed in a w de
range, as in the case that such a fan is generally equi pped with an

osci | | at BAGKGROENIbARNbor eover, a blower is also used for a heater to
distribute heat widely to a living space. Even in this case, heat transfer
to the space2ijs attarned.ndr eneasi |greherpihaagiorblwiewg shayangf arhe

bl ower is wider. [0006]In these circunferences, in the case of an appliance

that useg,anjaxhdly (oW Kanihg Bbaweditiondli siteenuands. f qual thatst he
fan is used nore conveniently when the area of the wnd generated during

e S EHRRy AR fng! B HaRAARE ShAL 2i0uaR RS Lkow (@ d fan,

rot at ed, having a e al ned. However, it is not
realistic to_install, such a huge axial flow fan.in ir i ection
of an ex®Bfi BgCapd ildhce PRUPRGCEA VS ¥ BT Dwrhg" + C%:Ip%n Oenc‘g%rgge\igga?he
limted space in the appliance. Hence, it is 4gr,ef erably desired tha}'get he

spread ofivhebgedechtastiad nfiloy. Ean.t hEI§-ed b1 e WiRY, spewing t

spread of the wind generated when the conventional five-
bladed axial flow fan is rotated. FIG. 16 is an explanatory
view showing an axial flow fan having blades, the number of
which is made larger than that of the blades of the
conventional axial flow fan, while the shape of the blades
remains the same.

[0003] Conventionally, an axial flow fan having three to
five blades, in particular, an axial flow fan having five
blades shown in FIGS. 3 and 4, is frequently used for
general fans or the like. Since such an axial flow fan 1is

easy to mold when it is produced, the shape of the fan has



i ncreased wi thout changing the dianeter of the axial flow fan.

[ 0007] Furt hernore, the volunme of the wind generated fromthe axial flow fan
beconmes | arger as the area of the blades thereof is larger in the case that
the rotation speed is the sane. [0008] This neans that, in the case that an
axial flow fan, the area of the blades of which is larger than that of the
convent i bpan axicilandesy @R RARYnYSRitPe bl ades, for exanple, is rotated,
the rotation speed of the axial flow fan can be nade | ower than that of the
convent i ppab4axi al fFowthamrmoae,ng < i steowh ades FIGor ldvampt efheocabeain t he
sanme volume of wind. This may |l ead to inprovenent in noise and power
consunptiee £BROYJdamBveional BkESENtrlowstawihaxialy Fliew fansidor 86e in
fans, ventilators, heaters, etc. do not have nore than five bl ades, and
axial flow tans, e f a i.ch is g f y. rge,
are not Qiat faniamatotro T <= ET Ry Ay B ed re haact trarche

know edge, about fluid dynamcs, etc. are reguired to desi.gn an axial flow
fan hav%ﬁﬁnﬁxéglggﬂ?ﬁﬁ%%€} hey Ehﬁ Fﬁéaﬁlﬁﬁk%y ﬁﬂiggsiégeﬁmfé%;%any

unknown aspects, whereby difficulties in design are anticipated easily and
probl enspefitican3am sevaturfpemhihR- EFomte P oddRet aBhadr & Lot ifaTpat B

[ 0011] For exanple, in the case that for the purpose of increasing the area
of the higgesdobramhaxiwilnd |wssfabmoatsnaps 2jibvkef ormed by increasing the
nunber of the blades of a generally-used five-bladed axial flow fan 10

whi l e thegghape of ting,bhades roenmuimpginehapgedyasds @M tirdd Gy 18, fan
overlap 22 1s generated between the adjacent blades at the root sections of

the bl ades ?%%¥%§§%Qp£GSQ#LﬂP érQBtb8de@%f%%§ﬂeé'9M’Bawia£m§§d83”6aéhat

an underclt Jenerated when a two-p injection nolding die for
hi gh-vol ume production is used for plastic nolding, for_ex l.e.. This is
unr eal i sk cthefape t&ads stk "t’hg?ghFSh%etﬁéig‘?oﬁﬁE%PBﬁ%ing’litﬁ} r38d out.
[0012] Mbreover, as a solution to this problem an idea of naking the root
secti onoafit hatbhgddéursitdmer Mprdrverheaajlevait b3 bsodBsaet forerd ap
can be conceived easily. However, a larger load is applied to a portion

cl oser tHedderoubedisitrdpdas encet ovidedly ade Hiwving sphaki.onEvemd itrhe
| oad is supported only by the root section that is made sl ender to prevent

over | ap,, yher gby ot haEe t0GSW Ss fe P1 08! eRLI Bddte Sis eagthiabdt R reoot
section. Hence, It 1s preferably desired that the nunber and the area of

t he bl ad th ipal fl. ' i - f th
i ol § P TRR TREB) Frics el T AEAenF BBy SditT g & Chaps TR Tan be

B;ggﬂg?? b %érﬁégért |gh§ct|on,nnld|n%éﬁgggPgigstgeg%gggﬂoguégrvoIune

appliance that uses an axial flow fan to blow air, it is
frequently found that the fan is used more conveniently when
the area of the wind generated during use is wider. For
example, in the case that a huge axial flow fan is rotated,
wind having a large area can be obtained. However, it is
not realistic to install such a huge axial flow fan in the
air blowing section of an existing appliance having an air
blowing function because of the limited space in the
appliance. Hence, it is preferably desired that the spread

of the generated wind, i.e., the area of the wind, is

2



PATENT DOCUMENT [ 0013] Pat ent docunent 1: Japanese Patent Application
Lai d- Open Publication No. Hei 10-141285 Pat ent docunent 2: Japanese
Pat ent Application Laid-Qpen Publication No. 2000-120590 Pat ent
docunent 3: Japanese Patent Application Laid-Cpen Publication No.

2002- 221191 Pat ent docunent 4. Japanese_ Pat ent pli_cat-i i d- Open
Publ i cat AT RBSefoMA- AU 7CRRRRARY &R OrISE T RR/ERT EQ%BE‘ %%OO@E&%O_VED

BY THE | NVENTI ON [ 0014] One problemto be solved by the present invention
is that Adnhough wind having a wder area is frequently demanded in axi al
flow fans for blowi ng air, conventional axial flow fans cannot generate
such wi nfobaviing a weethakreareAnatiervplobéemftt chise wsigld/egenerahad in the
case that the area of the blades is increased to produce an axial flow fan
featur g 8! p%e.a&ci'ati 0w WERE, pb@Wnienf atd ofe Spggdrnkowrel st atik ener gy
savi ng, he"e Iciency during high-volume production is hardly conpatible
with the strength of the axjal flow f itsel f. N I %@%
PRCBLENNF@%?SFAHR%ﬁ%ﬂ f%%m#?ﬁﬂeﬁcégr&I%;i%%%H%ﬁgféggﬁsgﬁ?%gﬁﬁﬁisis d
equi pped with a rotation shaft section to be nounted on the rotation shaft
of rotatisnthei v@meeans, such as a notor, an inner blade group provided
outside the rotation shaft section so as to be coaxial therewith, and an
outer bl poleogioup proiviseneenssitdetthein nblee bRrage thadups@ssat of hav
coaxial therewith, and the axial flow fan is characterized in that the
inner bl age grAWP aired Pieehefbaapksr alfi twhioth i heel abbades hamowitted of
radially around the rotation shaft section and that the outer blade group

< for et of BnBlialddon O put ot Bladss, B gdst odl shlnemr ot | e

rotation’s Section. re specifically, the axial flow fan

according to the present .inyentjon i ui_ pped. w;t hct r i10 ft
sect i on, SEA P hEer AT TRy %iagi f:f%r?%g'obrgtsv%%gn\&tﬁg ngeat%%%tndlshrka t section

and the outer circunference of the fan and being concentric with Ihf
rot at i onfahatansbet e tyewernthapl &8e tgrdup-lekt ERBVRG 8“%%3?5&% nedi at e

ring fromthe rotation shaft section serving as a root, and the outer blade
group extesdi Agnt havtimui eve cbiadeker divoe exfammhbef afof Phaife thRt eF#HBY at e
ring serving as a root, wherein the inner blade group is different fromthe

outer blagde,MEOBR Wirdde MHREMma@r B8adshape mptbwagbet oint heibkades! so
that the i nner blade group and the outer blade group do not relate to each

ot her in_shape A e bl ades can be forned into shapes so as not to
overl ap vaﬁgeggﬁgo eﬁlgg'viemed fromthe front of the fan and the

internediate ring contributes to the increase inche. strength t g
entire fEPO0PH017] | FARY EFon Tt F SSERT” 11OWTf S5 gggfgding tof?ﬁg t

use in fans, ventilators, heaters, etc. do not have more

than five blades, and axial flow fans, the areas of the
blades of which are significantly large, are not available.
[0010] This is mainly attributed to the fact that
knowledge about fluid dynamics, etc. are required to design
an axial flow fan having excellent efficiency and the fluid
dynamics itself has many unknown aspects, whereby
difficulties in design are anticipated easily and problems
that can arise during high-volume production are anticipated.

[0011] For example, in the case that for the purpose of



present invention is characterized in that since the inner blade group is
different fromthe outer blade group in the nunber, area, shape and angle
of the blades, when the axial flowfan is rotated as a fan, the velocity of
the wi nd generated fromthe inner blade group can be nmade different from
the velocity of the wind generated fromthe outer Dbl aggtngfrocﬁg. %0018] Mor e
speci fi cAREyeasiaaxtg 2F8% Pén ‘%&?ccﬁ]dﬁqg%stﬁ tAB prdSentt 1M ehtfondi s
equi pped with the rotation shaft section; the internmediate ring positioned
bet ween thapeot2dt iim Shahedsbyt iocreabinte dueenurbesusifertdic bidefeofan
and being concentric with the rotation shaft section; the inner bl ades

ext endi ng padiealdy prosed Ehoerplialden shpdl skowi dant A 0t héhiint erimedi at e
ring and connected to the internediate ring while the roots of the inner

bl ades a%gﬁﬁgnp%ﬁ?%%t&g?gsr QLALINL X faSg64i 98 shlden Nnere Bt adeegroup

formed o ty of the Inner ades duplicated and arranged
sequentially in_the tation directjon around the_rQtatiqn section;

t he out e?nbpgﬁéslﬁp%?ﬁd}?lggﬁﬁﬁréieéing? [9'$%" t h eoﬁfjé?%&n%cdo t.!agéééesncgﬁof t he
fan as viewed fromthe front in the radial direction around the rotation
shaft setheomomti |sectheon®oes shet hdasifera$| waeYedr & To8nhidd er o2t Aé
internmediate ring; and the outer blade group forned of the plurality of

t he out ethbl astds ldufllowaf #al. anth Asr mpged Sdquieren aihgerquthpordtigtl ors
direction around the rotation shaft section. [0019] Furthernore, the inner
bl ades O%\ﬁﬁg?:ait@aﬁrwkﬁl@dﬁ £ 96O0PA raf & rsersednddihg Hatatican tshath+
section Ile having an attack angle in the rotation direction; the outer
bl ades of the outer de grou re . : L@t er. i i

whi | e ha‘\’/?%amgnpartotdég{tala%éliegi 1Estgﬁie f%%ltﬂl t osﬁgﬁ%%g%?ieéhg't t?e&?r%%fn Hggge of
the inner blade in the rotation di r,%ct.i on and the %rgné.fri_r‘l’%eh%ethe out er
bl ade | nTRRE A6t XTGP LEFEEi BREHr & tndtS o 3 BSAt FRAGUL A LT ewed from
the front of the fan; the rear fringe of the inner blade in the rotation
directi opraddcthien da dairngedoPutthe outer blade in the rotation direction
are not on a continuous line as viewed fromthe front of the fan; and the

i nner bl pde1gnoup i sMbndepengents af ¢dirudiber thl &dd sgrmghl¢0O28hThdea
nunber, area, angle and shape of the inner blades of the inner blade group

and t hosgrof fhe Outir Rlsdeseet ibhe it alhd!BredgsoupeaaRieEEd ot t he
internediate ring can be set independently. [0021] When the attack angl e of

the inner, blade_is al .and. the_ at k f ULBhcRAdE) ISy @21yit s
preferab?kéetﬁ Patcﬁé%at ala%(ﬁé%ncgl e}]gfE an tlﬁafa%%rg?ﬁgatﬁgflec a12 have a Y

rel ati onship of al<a2. In the case that .the attack apgle of the inner. bl ade
i s diffienevaspeRdilig BHr pbtti of, apﬁjré%ff e K2 aﬂar’égarl Cd O B3 é*ﬁe
average value, and in the case that the attack angle of the outer blade is
di f f er entutependiregrdrenssie | ofi, ephd Stlegtek dmgirdapotatiodd &P hnth%er age
val ue. Furthernore, when the total area of the inner blades is S1 and the
total arpsa@f ikheuppioartdu astebyi byS2hei trdst psedteiabl ehbhbatist madg ea S1 and
the area S2 have a relationship of 51<52. Mreover, it is preferable that
the vel og 1 e thewind geasiabed heAdBy i there bbadarer aup sl éhe

vel oci ty&VL?M%%( t he wi nd generated Ey t he out'er bl ade group have a

rel ati onship of 1.5Vi<Vy2. [0022] Additi |l it referaple that the
total arda eof’:‘%trﬁé“gdngso%rﬁ%ﬁ% f%gkaéj%ggelrﬁhi ntrgleérr?%%)'adég g? t he i nner

bl ade group as viewed fromthe front of the fan an}(]j the tot a}{ea Si of
the i nnerrdfasebliadesd nad dihdhshPp s a6 1thenaffg Casdthat the gap
between the inner blades is large as in the axial flow fan based on the
convent imhadle s eolinahegypxidl flowufkred ameorndrezpedbehiden thige i nner

bl ades by the fast and strong wi nd generated by the outer blade group, and
this airsgpiRgthheswiche ganesnt edoky fhhe iiowers bl adesinnhenedy Hivh ey oci ty
of the obtained wind is increased. Hence, the difference between the

vel oci ty LN er the LUl Bheciangh Bl adse@ntod he
vel oci tya%$p§£§gw%n%h%§%erﬁ€g %%ntﬁe %egi on of tﬁe outgr rbI aglg]s does not
beconme very large. [Q023]Still further, .when roj ecti.on.view fr he

poi nt of® %W?nSWFiL’&Iﬁlgtﬁeg r"’bt%‘??%ﬁaihaﬁghsé’ca]i‘gﬁeo?r?ﬂgcg%loa nﬁtg{v%} an and
the outer circunference of the fan can be seen concentric is a front view
of the iBREPRelREt EOCUNENT he cross-section of the internediate ring in the
side viewis not required to be fornmed into a plate shape but nay be forned
into other shapes, such as an ellipti cal4 shape and a wi ng shape. EFFECT OF
THE | NVENTI ON ,



[0024] FIGS. 1 and 2 are views showing the axial flow fan according to the
present invention. FIG 1 is a front view showing the axial flow fan
according to the present invention, and FIG 2 is a perspective view
showi ng the axial flow fan according to the present invention and an
explanatory view of a nmotor, FIGS. 3 and 4 are explanatory views of the
axi al fI@éﬁﬂﬂ?fﬁ@@ﬂﬁEFﬁe conventional five plates. FIG 14 is a view
showi ng the spread of the w nd generated when the conventional five-bladed
Caxial fldWOE i s rofatent Rlqgunentslan Jepsingra F§tenewABRSWCART 1T
spread of the wi nd generated when the axial flow fan according to the
present LAaMeMOpHn i Bubdiakedon] QR2S5|HE L h10h&4pe8Sent i nvention, since the
inner blades 2 of the inner blade group of the internmediate ring 1 is nmade

different fromphe Quieschhades,3 ohddie auitesc bhadapgnouadier aofi ba

nunber, shape and angle, when the axial flow fan is rotated, the vol une of
the wind pushed aout from fhe inside e intermediate ring 1 can be nmade
differenP%FFb ‘#ﬁ%l%%{hﬂg g?'tﬁgﬁafﬁﬁﬂiﬁéﬁed out fromthe outside of the
intermediate ring 1. Mire specifically, in the case_that the axial,flow fan
is rotated as Ea%Q%ﬁ<QQﬁH@ﬁn¥I§&/ﬁé@aﬂe%QEP%%$%EiFQPgFCFﬁ%QHrﬁPb%ﬁerated
fromthe inside 11 of the internediate ring 1 can be nade different from

t he vel oopeyn @uldlhiecad hongloer a0OE {22 $he out side 12 thereof, and a
difference in density can be generated between the air pushed out fromthe
inside 11 of thgtiehterqmedindet r & ngJipame sdhepat enpusppdieat iforomd he-
outside 12 thereof. Hence, the present invention is effective in that the

wi nd gen§£§56$'ff§g§g¥6%2§§de2§%4ﬁoédwginternediate ring 1 and the wind

generate romthe outsi 2 thereof are allowed to influence each other,
and a nmoyenent 19 in i i.nd usually spreads only mldly can be
changed %HMyAﬁJQéH%ﬁ?Hgnf&X#@ﬁI e wnd flows in different directions.
[0026] I n addition, with the Bresent invention, since the inner blades 2 of
the | nnePREPAEYM JiORE o$OLRED] R¥e MHEdi BYENTREN1 and the outer bl ades 3 of
the outer blade group thereof are adjusted in nunber, angle and shape

accor di ngoba4desi gn Oneeptriotil,emwhiisn hdesakiveld biyowwHarpriesent al adead: itdre
single axial flow fan 7, the difference between the velocity of the w nd
gener at egdsf Eamtt ha dHvegh bl 2de BeeUR Pfa thedé At greadiiat & ddigeranllyt he
velocity of the wind generated fromthe outer blade group thereof can be
adj ust ed 4 L:he esentqLnv I ONe | LVe:ihn : ge in

t he di re% }Iﬁ%ﬁ‘a%]g the c—%{;ﬁé gg%gga'?ggsf Fodnﬁstxﬁfé&??%%t gé:‘r't tﬁﬁgx%dﬁlﬂgg\% fan
due to the difference can be adjusted intentionally..[0Q27] Furtherpore,
with theaﬁ%@%eﬁﬁQWn£§ﬂ§cﬁﬁn?ﬂgtﬁgn@£ﬁ§?tﬁﬂc?h%lﬂéngéyfﬁgwﬁa%ﬁé%ghape of
the bl ades of the inner and outer bl ade %rou s of the internediate ring 1
are set areardi hgotbedeprphlian cheiba §6 t"l%fltsnet%‘F ottt $192 85 & H Sk nd
generated fromthe outside 12 of the internmediate ring 1 is significantly
hi gher ttiae theavelfodile Bladést he vt egeset atedpipdmcehen rsiidel 1f1oW t he
internmediate ring 1, due to the difference in the density of the fluid

pushed oplf,akeadtPQSidd AN VEFYe CYO3ame0 dhawfn@Nt 16% tbBeatalcat idigeadj al flow
fan, the wnd generated fromthe outside of the intermediate ring 1 is

pul | ed t he wi_nd _geper f .t he i,nsi L,nger  ai.e,xing 1 and
being I o Vnn8éﬁ§if@*pfgﬁé.?%,é?ﬁ%hgﬁvé%§%3§3€{?%Q§ﬁ?cﬁgfﬁggaﬁﬁ'lgpreads
mldly can be changed to a novenent 30 in ich the wind is drawn inward.
The wh nc o BupRUBT OO 1 56 POLY: (OMERL ToEa BUCh ERG: o idnReob:
several ten cmfromthe front of the rotating axial flow fan. Then, due to
the ki nethe eréndy fdfow Marswitseh§-air generated fromthe rotating axial
flow fan and the counteraction of the collection of the wind at the one
posi ti onyEANE ROREEONVING CrEEMOPHOBREA novenment 20 in which the wind
spreads extensively. Hence, the present invention is effective in that

w nd haVEd\@Jrélﬁ‘ ar eaf;}rg\r/v fathanobhe spreadophihiecw nahd e ddiee

conventi onal axi al an can be generated at "a point away fromthe front

of the rotati axi,al flow fan, approximately 3 le. [JO ] Mor e
speci f i c’aIFY?/f‘PgPPhltsht?qurléospe%(? ‘i’hg nti 5%,%%%&%%%?? gréggggg]dt[s g%% of the
bl ades of the inner and outer blade groups of the internediate ring 1 are
set accém@mmge@ooﬂe§mﬁhHQﬁ%ﬁﬂ?%n$hP%ﬁc@f1ﬂﬂ¥%ﬁ%%%n?rFﬂ§eWﬁ%ﬂ?4 uc
effective in that the area of the wind generated at the position away from
the front of the rotating axial flom1fa§, approximately 3 mfor exanple,
can be nmade five tinmes or nore as wde as the area of the wi nd generated
when a conventional three- or five-bladed axial flow fan 10 is rotated at
the sane rotation speed. [0029] Besides, wth the present invention, the
front fringe 32 of the inner blade 2 in the rotation direction 36 and the



outer blades is nmade | arger by increasing the nunber of the blades 3 of the
outer blade group of the internediate ring 1, the nunber of the inner

bl ades 2 of the inner blade group of the internmediate ring 1 connected to
the rotation shaft section can be decreased. Hence, the present invention
is effective in that the, total irea of the bladea g{ tg%.%ﬁ§ire axi al flow
fan can B& ARBEtCAgan WHITET ePLACKaGIRPRVRT PEPOEEt Q¥&F4fe Hi%des in the
vicinity of the rotation shaft section and facilitating injection nolding
at the troeavfiohi gihafdl uechioduso @ HOI3D] W%l@lrrﬁ%@,rqmlt‘ﬂl't han@r 88ent
invention, the internediate ring 1 itself increases the physical strength
of the egttee diliade fdrayup aprotitded, cutssipiesent inument bdades @fdept sve in
that even in the case that the total area of the bl ades of the axial flow
fan is made;bapgeiozsifdi cligkeRitandLhsambeaRlayi ¢ady rdhe sase that a
gener al gh-volume production nethod, such as plastic injection nolding,
is used. J0031] Additionall i the pre I n [.on, i hner bl ade
group anﬁﬁ?ﬁ@c Gter ddé'%?%ﬁ%ng ﬁﬁe%xhﬁgg%%%iéﬁghbiﬁg g?ggﬁo fréquired
to be formed continuously in the radial direction gﬁt can be de
independ@h@rﬁléﬁﬁeﬁéh%ﬁ?ﬁ#.bﬁéd?ﬁePQQﬁ§4ﬁdrﬁ©§lé Y8 Torddlction, an
axial flow fan in which the total nunber of the blades and the total area
of the hteadesiane shaditeasstiogaante tpyaddudes awtasubledssiodarur io®h of the
overl ap between the bl ades, i.e., a problemduring high-vol une production.
Hence, thernegSent ai pieitd Dty So€f batlkirvdliaddéhapronited casddlby this
axial flowfan is rotated, the axial flow fan can produce the vol une of

mﬁndIzﬂé¥g¥£gaghgh%%ﬂggfg@e whengthe sepventional three- or five-bladed

axial flowtan I's rotated at The same rotation speed. [0032]Still further,

with the esent invention, the . nunber of. the_ bl ad of £he in de
group of[(%ﬂagfnter ’é?es"?ﬁé%fc Xhetlﬁ%n%éllagf %ﬁ*r?é" bﬁaarﬂeésccggfggé%outer
bl ade group thereof can be set wi thout consideration of the overlap of the
bl ades atto t tlee r boESSAEL | g HEPROL SaRARP S bt B bRei nebeftiiqrenthatt
strength after production, and the nunber of the blades can be increased

si gni fi cagdt yon) t ans isdiekndvhiatberwingd pfosdr ori¢debbbuden &hieal flow fan
is felt nore gently and favorably than that froma three-bl aded axial flow

fan, forrsxarpbe. shHaFee sddieior esgat thevnition ¢ srefih€etreved o haiet he
axial flow fan according to the present invention can generate w nd that

be f I | I | t i bl ades.

Rt £ pEdth B REER T o RS BB e O, P e S o
ial fl f di to th at tion; FILG 2.1 ti

i cw ShOWHGLTREE GRRARS IG5 8 o REBORASNG . 0 1oL B SERRRIP KT and &

not or ; FIG 3 is a front view show ng a conventional five-bladed
axi al fl|fowm aphe rotatiom ghaft ssachépPBpS@LRiNYi 2%y 8h5RPhg B! the
conventional five-bladed axial, flow fan; FIG 5 is a trihedral

vi ew shawitwgr theadxi ghoflpow ftaandcogr dondg hteo dthiee preseatmifpremdeore £
FIG 6 is an explanatory view showing the axial flow fan, the notor on

which the axiah flew tar imvoMedatandiad aedyPegnebon sopRgyrting
apparatus for supporting the notor; FIG 7 1s an explanatory view

show ng e axi al L] oW lan ASeel dlpg,bo 1 GnG A ASADe | BYBR! LAR TRHIELD i
the fan-t d% MOt OF “supporting apparatus;
blade group in the number, area, shape and angle of the
blades so that the inner blade group and the outer blade
group do not relate to each other in shape, whereby the
blades can be formed into shapes so as not to overlap with

each other as viewed from the front of the fan and the

intermediate ring contributes to the increase in the



FIG 8 is an explanatory view showi ng a general axial flow fan having
conventional five blades in the fan-type notor supporting apparatus;
FIG 9 is a perspective view show ng neasurenent points that are used when

the air blowi ng range of the axial flow fan is measured; FIG 10 is
a view show ng the neasurenent points that are used when the air bl ow ng
range of stEENLMIOT | e f SRELLS FIG 11 is an explanatory

vi ew showi ng an axial flow fan equi pped with a plurality of internediate
rings ado0Adilng to Lheapdddedmn, nivkeat pshal flow fam aggordiag &pltHatory
vi ew showi ng the axial flow fan according to the present invention nounted
in a venpirkaldr Lfivention EbGchhYdcteumn eagl anatdat \&igvwees o njnaeteat er

i ncorporating the axial flow fan according to the present invention;

FIG 14 | r thge s ﬁﬂetﬁTeEd
when t he conve%tifg‘ﬁgla{?l%{/efglgggzﬁogx% t??%w@?g%ql ?lr%ﬁt%!mpg 15
is a view showi ng the spread of the e a en f an
accor di n§'F'8He %)h?}ﬁ‘\a?eﬁpl off 1t |g\g %tg é E?%&M}, ‘M]%f %ﬁ%GaQEQ‘i’

expl anatory vi ew ShOWI ng the axial flow fan havi ng bl ades t he, nynber of
whi ch i sEh@He fiear get Jt%%t?ﬂat'"sota tﬁrf’é'l'bl%"'b%s"%tof:géyc&ﬁ/eqﬁ‘? ot daxial f1ow
fan while the shape of the blades remains the sane. MODES FOR CARRYI NG QUT
THE | NVESEHENafteaB4]ram obhecinok it ipd gatespnoup ngent ben naxde @dpfberaatan air
bl owi ng axial flow fan for generating wind having a wi der area, a |larger
vol une apdoheiche getdEi epdofayaeakliedv ddioetacbandirog tites onise debibdeet er
and the rotation speed of the axial flow fan. This object is acconplished
by adoptbpg g configuration in which an intermedi ate ring being concentric
with therot'ation shaft section of the axial flow fan is provi ded bet ween
the rota haft section_and t.he ircunfere h t he
bl ades oib&‘té i nner aRESoGPEF ’acoaeﬂQ;Y up’® oFfoﬁ‘ZL Jﬁ[cerrre z|t1a e:crgl‘qrttld'?l
designed so as to have any given shape, nunber and area while high- volune
product i b@ tbemeresmsstsum*éeeﬁaOtlhéSpreawé?ﬁ% VhEDs fthengiH L P ReSBRFA
flow fan itself is solved. EVMBODIMENT 1 [0035]FIG 1 is a front view

showi ng aacaxbal; fdhew ifraere awediditeg ting o pietened edtdeh,t@ G 2 is a
perspective view showi ng the axial flow fan according to the present

I nventi 0,88 8nmMahd st &t BohSaad o otiexw Sbowcng fa reniens £ onak
five-bladed axial flow fan, FIG 4 is a perspective view show ng the

convent | 008! shl A AL ALE LoW AN ifd GoBat 3ol HNATcw] oM Shovi ng

the axi a | ow fan a o the present |nvent|on FIG 6 is an

expl anat or Vi ew s t he, not or on t he aX| | ow f.a 1 nmount ed
and a fan? b@%eﬁogg'ﬁcgetﬁ)p%’ft?ﬂalﬁﬁpgraﬁl h]%ra’éﬂBB fhr?g rt%ta% Br, FIG 7
is an explanatory view showi ng the axial flow fan accordl ng to_ the resent

i nvent i oshabtinsedtilent Heo f@tﬁtyb‘éeﬁﬁ‘te@rlaélﬁ)p‘iﬂf@g ngndpprrarEedie® 8hes an

expl anatory view show ng a general axial flow fan having a conventi onal
five bl atiesetrmetihatlan-itrnkpevimbl er theppordtiang Appheatnse rFicdsdes ande 10 ar e
expl anatory views showi ng neasurenent points that are used when the air
bl owi ng &angeceEqat ke dHAlrdt S¥4 ban shs frreasdb€lon Fl Gheldriner blade
group formed of the plurality of the inner blades duplicated
and arranged sequentially in the rotation direction around
the rotation shaft section; the outer blades expanding and
extending to the outer circumference of the fan as viewed
from the front in the radial direction around the rotation

shaft section while the roots of the outer blades are

connected to the intermediate ring; and the outer blade



an expl anatory view showi ng the spread of the w nd generated when the
conventional five-bladed axial flow fan is rotated. FIG 15 is an

expl anatory view showi ng the spread of the wi nd generated when the axi al
"flow fan according to the present invention is rotated. [0036]In these

figures, nuneral 1 designates an internediafge rin ositlioned t he
rotati onIERER TQIANG nognﬁ ?h@i&ﬁag]r“a r%%n%g?eﬁgge%f i%]h%g% i%{?ﬁ?‘ﬁ%\%% aopn
and concentric with the rotation shaft section. In this case, the dianeter
of the iandr metiantaedisgauensia lomimunke akopagdeongkteachier nAgPuptade of
the intermediate ring 1, and the nunber of the inner blades included in the
i nner bl ade goaiyr iadn t diea Fot eeredicate ring 1 and arranged sequentially is
five. Nuneral 3 designates an outer blade of the internediate ring 1, and

the nunbepoqlyjthe outgirBlades-d Nctpdednhi rt e QELrobl ale ghaen ofldde
internediate ring 1 and arranged sequentially is nine. Furthernore, the

rotation shaft section 4 of .the i al L fan_i rQu 0 be
connect edTPEPt RES STHTOR-S a?fo %)&oef ragénag oIrDRSS\}/l\ngtf% %\@scgcflgowégﬁr’ﬁ%%% li ke.
[0037] The internmediate ring 1, the inner bl ade gr aup f or.med of, the itnner

bl ades 2havigdged Sodiaski angye ffe tdift o bR bR gAdES Fort St RETEdt er
bl ades 3 arranged sequentially and the rotation shaft section 4 are
connect edltdekorfi &hsd nogheepl hdede gxtalm zvdponrhecthd Sooted conponent
rotates as a single axial flow fan 7 having a dianeter of 30 cm

[ 0038] Fui hheriide.atd ©iklgrwvhhat the v e ottbabk anod generabed by the
rotation of the axial flowfan 7 is increased, each of the blades 2 of the

i nner bl 2deagi WP AKEI D! alfe 3:0nd her HGETobl ade difidy Af1488 in

internediate ring is configured so as to have a |large area. Moreover, the

shape and. angl f, each, of the bl ades.of the inpet d t b groups
of the inhP&r 2@%@ T i $C 0t 8 s %S(s)d}%aj%r?%{é g?%Pgr@‘eno%g@g vélgﬁgfhe
velocity of the wind generated fromthe inner bl ade group and the vil_oci ty
of the whadgedadr &thed TRk 1PB FHEECHI AL EF Pt beLoRe LI P MNEN - LRE
axial flowfan 7 is rotated, that is to say, so that the velocity V2 of the
W nd genesatvédwiedofindme tthe efrbhadefgrtdig fam nethef reke Futidradl afleshs i s

| arger than the velocity VI of the wind generated fromthe inner blade

group foyprdrobithe iimernd! adestdon FHIheorxaal thew dfear 7f mbasgevuifit ed
on the rotation shaft 6 of the notor 5, and the notor 5 equipped with the

axi al fl f 1 A t uging the
motor 5 Wgrgpgzﬁt ag%gggrrg\?\‘/tfég ?ﬁggﬁﬁckgerf dm%re(?gggbg ?gr?-str{%cescglgomr 9 was
prepared. [0040] The .axial flow fan 7 of the blo t LT t at
800 r pm CHREIDEPLS ty 1t %e‘”gswsaalfefd’%tﬁbe m%%ggnéaggrg%eatp%’digégnggel cm
away fromthe front of the axial flow fan 7 and at a position where the

wi nd wasikeesr hleder Ggintmel § nheAeBRadEYr R §2% neltsF tHEdHEFOBPades 2
arranged sequentially, that is, at a position 11 away fromthe rotation
shaft sep0d»0]by 4 crhé muhnbeoyut @resd » camd ke eanidalshdipe e f obhef inherf an.
Furthernore, the velocity of the wind was al so neasured at a position where

the wind,j sqgsnerate@ firge+ hel gubeq rbhadenrat otigo sor oEd thfe thetent er bl ades
3 arranged sequentially, that is, at a position 12 away fromthe rotation

shaft secil by -1 m | r.circu 1 g jon of the fan.
The resﬁ?iésgg %ﬁegﬁé%agl#eéngﬁ??%?g g%(())vl\% irg]&{rrg%%é%g‘?hg%vtéal ue of the w nd
velocity is the average val ue of the wi.nd, vel ocity. val ues neasured

cont i nuotR¥§IPEAIGAE HIME L3 %ﬁcﬁeﬁoéﬂqe&ﬁmf%ﬁﬁ’ﬁabl e 1] Axial flow
fan 7 according to the present invention At position 11 away fromrotation
shaft sec®9dhlby 4 dihem bheeptEadurddbat Pal tHEr domicdh Ra¢Rdsifi & 12
away fromrotation shaft section by 10 cmin outer circunferenti al

directi ofnd the attack angle of the outer blade is oy, it is

preferable that the attack angle a; and the attack angle
have a relationship of oi<oz. In the case that the attack

angle of the inner blade is different depending on position,



3.58 m's 6.23 ms [0042] Next, the general axial flow fan 10 having a
di aneter of 30 cmand fornmed of the conventional five blades was prepared,
and the axial flow fan 10 was nounted on the rotation shaft 6 of the notor
5, and the notor equipped with the axial flow fan was nounted in the
supporting apparatus 8 by securing the notor 5 thereto with a screw or the

li ke, whefgby 3 fan-dypee bhowes 3e¥as splzgparrskagd 0048hEhe advd aln fiow fan
10 of the blower 13 was then rotated at 800 rpm ?n order that the

measurenent results.correspopd_tq-thao Ln Table 1,. . j of
t he genetar&d \?iﬁarifd % Hea %?e8n§t1 “a o}les‘t%gér)\\é\%uﬁggmggﬁgf Fi r%rﬁrﬁt%gé?%ia%%/ of
the axial flow fan 10 and at a positiaqgn 14 away fromthe rotation shaft
sect i on BEPENEHIG APk kORT r EBRF &tERTA a@%}&;?‘? ohSoPSEfe Rt
Furthernore, the velocity of the wind was al so neasured at atpositi on 15
away froavehegeotvatlien siaftthssonova, byhe® dme tetel oarer 6ifr &l erenti al
direction of the fan. The results of the neasurenent are shown in Table 2.

The val ugngért ba adierd ivel ocidnd i Bhéheoawar ageavad fietivé dheew hdaddocisy
val ues neasured continuously for one mnute at each position. [0044][ Table

2] mxialgflopnfap d0oEaupd Hiciponventl a3al fd,vandd ades Aepos) thovels anay

Sa, - €
from rotaii on sha section by 4 cmin outer circunferential direction At

Ci T cunf FeRe FAPRAHEL I ot S 730 NPE 5 V30 o LOOHEFARERTE b arbaF 1 585 i s

made between Table 1 and )
velocity V; of the wind generated by the inner blade group
and the velocity V., of the wind generated by the outer blade
group have a relationship of 1.5Vi<V;.
[0022] Additionally, it is preferable that the total
area Sy of the gaps among the adjacent inner blades of the
inner blade group as viewed from the front of the fan and
the total area S; of the inner blades have a relationship of
Sg<0.1281. In the case that the gap between the inner blades
is large as in the axial flow fan based on the conventional
technology, air is sucked from the gap between the inner
blades by the fast and strong wind generated by the outer
blade group, and this air joins the wind generated by the
inner blades, whereby the velocity of the obtained wind is
increased. Hence, the difference between the velocity of
the wind generated by the region of the inner blades and the
velocity of the wind generated by the region of the outer
blades does not become very large.

[0023] Still further, when a projection view from the



Tabl e, the wind velocity at the position away fromthe rotati on shaft
section by 10 cmin the outer circunferential direction of the fanis 1.74
times the wind velocity at the position away fromthe rotation shaft
section by 4 cmin the outer circunferential direction of the fan in the
case of Tahle 1. In the case of Table 2 he difference in the_w.nd

vel oci t yPod it PFivee” {p Vglfﬁh§: %uﬁﬁt?héPniﬁkﬁﬁ%:éﬁﬁﬁt%?ntﬂg Egﬁhl f1 ow
fan 7 according to the present invention in Table 1, the difference between
t he vel oeixtiploffkdwe fendagendhst erter t pbropeiginencs ehetlpat Ean can be
circunference of the axial flow fan during the rotation and the velocity of
t he wi ndsgererairesentiri beigi @ Mitonhtofvide o6t ahieodrsimfnedeeteéoning,| ar ger
than the difference therebetween in the case of the axial flow fan 10

formed otpihe crwentiongh bisverd adeseifedalke 24rPOAS] et Biget iiRw i N

the case of the axial flow fan 10 fornmed of the conventional five blades in
Table 2, .the difference between velocify_o i W the
Vi Ci ni ty18f e roﬁﬂ%lrr%(flrgaﬁgeer efﬁ?gfgneo(f Jfl%légfgn{%%geet #eﬂ%)e?grgﬁiflﬁl%g !tb%e wi nd
generated in the vicinity of the rotation shaft ction of the fan is

smal |, ah@rmes BatR TR RaPE SyertGht e%smfﬂdeigﬁé’d:d‘i‘??gl PG ARG 2
direction 19 as shown in FIG 14. [0047] Furthernore, in the case of the

axi al flewnfjashapgecording to the present invention in Table 1, the

di fference between the velocity of the wind generated in the vicinity of

t he out egrercoufrereiEerwieNreoan and the velocity of the w nd generated
inthe vicinity of the rotation shaft section of the fan is |arge. Hence,
when t he %qu] flow gﬁaal_s 1" ot efl, 5 2ol 9% 88 sdisHRfeNs ec RECHL S ahetrtwRan the
anount of the air pushed out In a space 24 shown in FIG 5 at a position

very close to the front_of _the fan and .in the.yicinij of, t.he r I pn

shaf t seg?floﬁcgr?df Y drduh eoPrteﬁgn% rlrb‘ﬁ%%g%iogut ?%éé ép%%e az?‘g%ﬁn in
FIG 5 in the vicinity of the outer circunference of the fan; in other

wor ds, av#pFf shevdadddif saxhathd 1ehday dFCPREIRF t D] PEFRSAFf f er ence
in the density of the air pushed out, the wind generated fromthe outside
of the inheemedioat,e arichgFIGi s2pialsl ed gerspeching yémer sthavinonih@ée i nsi de
of the internediate ring 1 and being lowin density. Usually, the novenent
19 in whjghat heg 1WwESPreadsraihgl ¥ o hangesehe theamvigrerindOann which
the wind is drawn inward. The wind is thus collected at the position 31

| ocat ed i of capp inat 0 0 f i axi al
fl ow fang%ﬁmahtgﬁg%ﬂ%g”t E goﬁlﬁiﬁg;{gcﬁ%%élbfgﬁléacg} }ateiqg;t i%%io?&%%éb\% nd at
t he one position, .the nove i s_changed to the nmovenent. 20 4 n-which the
wind spr Ja‘a‘é’se??eﬁiﬁev@’iﬁa#ﬁgiﬁgagﬁf’e WU TsCsP Y %lsopﬂaela of Sthe wi nd
w Il be described below. [0048] The rotation shaft section _of the axial flow
fan 7 ofPlabeBlowBEGY wds itheh PbaVt FBAVA N0 SRR MRYEFY PhethS JHDF the
rotation shaft section was set at 60 cmfromthe ground, and the rotation
shaft sep¢henawnas whteat echatc800enpriondr fiiteeputpdsd ekichHedidiaw fan
spread of wind, a net-like neasurenent space shown in FIGS. 9 and 10 was
set on a horbzarkal. pkase ard hiogondl ekplbhe tiatyaty Dew skablingeethiecon of the
axial flowfan 7 in the front direction of the axial flow fan 7, and a
pluralit u . Doi ' .o [ 6 t, and the
vel oci tyél%?é?ﬁgg\% ?1:?%1%a@%ﬁ%ﬁéggdeﬁh&grtﬁeg%%?%t s,fl?%r %‘Iaﬁg results of

t he neasurenent are shown in Table.3. The value of tge wi nd velocity is the
aver age 32FEd6R9t hE \Hg‘r‘?d RAF ISty 10YRREE R aTir BAta5Afi nuousl y for two

mnute at each position. [0049][Table 3] Unit: m's 75 cmleftward
[0025] With the present invention, since the inner

blades 2 of the inner blade group of the intermediate ring 1
is made different from the outer blades 3 of the outer blade
group thereof in number, shape and angle, when the axial

flow fan is rotated, the volume of the wind pushed out from

10



50 cmleftward 25 cmleftward Front 25 cmrightward 50 cmrightward 75 cm
rightward 0 - - - - -

the inside of the intermediate ring 1 can be made different
from the volume of the wind pushed out from the outside of
the intermediate ring 1. More specifically, in the case
that the axial flow fan is rotated as a single axial flow
fan 7, the velocity of the wind generated from the inside 11
of the intermediate ring 1 can be made different from the
velocity of the wind generated from the outside 12 thereof,
and a difference in density can be generated between the air
pushed out from the inside 11 of the intermediate ring 1 and
the air pushed out from the outside 12 thereof. Hence, the
present invention is effective in that the wind generated
from the inside 11 of the intermediate ring 1 and the wind
generated from the outside 12 thereof are allowed to
influence each other, and a movement 19 in which the wind
usually spreads only mildly can be changed to a movement in
which the wind flows in different directions.

[0026] In addition, with the present invention, since
the inner blades 2 of the inner blade group of the
intermediate ring 1'and the outer blades 3 of the outer
blade group thereof are adjusted in number, angle and shape
according to design intention, when the axial flow fan is
rotated as the single axial flow fan 7, the difference
between the velocity of the wind generated from the inner
blade group of the intermediate ring and the velocity of the

wind generated from the outer blade group thereof can be

11



025cm0O0 2.77000050cm000.22.80.21 0025 cm75 cm

adjusted. Hence, the present invention is effective in that
the change in the direction of the wind generated from the
front of the axial flow fan due to the difference can be
adjusted intentionally.

[0027] Furthermore, with the present invention, in the
case that the number} area and shape of the blades of the
inner and outer blade groups of the intermediate ring 1 are
set according to design intention so that the velocity Vy, of
the wind generated from the outside 12 of the intermediate
ring 1 is significantly higher than the velocity Vi of the
wind generated from the inside 11 of the intermediate ring 1,
due to the difference in the density of the fluid pushed out
at a position very close to the front of the rotating axial
flow fan, the wind generated from the outside of the
intermediate ring 1 is pulled by the wind generated from the
inside of the intermediate ring 1 and being low in density.
Usually; the movement 19 in which the wind spreads mildly
can be changed to a movement 30 in which the wind is drawn
inward. The wind is thus collected at a position 31 located
a short distance of several ten cm from the front of the
rotating axial flow fan. Then, due to the kinetic energy of
the swirling air generated from the rotating axial flow fan
and the counteraction of the collection of the wind at the
one position, the movement is changed to a movement 20 in

which the wind spreads extensively. Hence, the present

12
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invention is effective in that wind having an area larger
than the spread of the wind from the conventional axial flow
fan can be generated at a point away from the front of the
rotating axial flow fan, approximately 3 m for example.
[0028] More specifically, with the present invention,
the number, area and shape of the blades of the inner and
outer blade groups of the intermediate ring 1 are set
according to design intention. Hence, the present invention
is effective in that the area of the wind generated at the
position away from the front of the rotating axial flow fan,
approximately 3 m for example, can be made five times or
more as wide as the area of the wind generated when a
conventional three- or five-bladed axial flow fan 10 is
rotated at the same rotation speed.

"[0029] Besides, with the present invention, the front
fringe 32 of the inner blade 2 in the rotation direction 36
and the front fringe 33 of the outer blade 3 in the rotation
direction 36 do not form.a continuous line as viewed from
the front, the rear fringe 34 of the inner blade 2 in the
‘rotation direction 36 and the rear fringe 35 of the outer
blade 3 in the rotation direction 36 do not form a
continuous line as viewed from the front, and the blades 2
of the inner blade group and the blades 3 of the outer blade
group can be formed into shapes independent from each other.

For example, even in the case that the total area of the

13



1.18 2.3 1.2 0 0 100 cm150 cmO O 1.04 2.07 1.08 0 0 125 cm 175 cm O O
1.04 1.88

outer blades is made larger by increasing the number of the
blades 3 of the outer blade group of the intermediate ring 1,
the number of the inner blades 2 of the inner blade group of
the intermediate ring 1 connected to the rotation shaft
section can be decreased. Hence, the present invention is
effective in that the total area of the blades of the entire
axial flow fan can be made larger while eliminating overlap
between the blades in the vicinity of the rotation shaft
section and facilitating injection molding at the time of
high-volume production.

[0030] What's more, with the present invention, the
intérmediate ring 1 itself increases the physical strength
of the entire axial flow fan. Hence, the present invention
is effective in that even in the case that the total area of
the blades of the axial flow fan is made larger, sufficient
strength can be provided in the case that a general high-
volume production method, such as plastic injection molding,
is used.

[0031] Additionally, with the present invention, the
inner blade group and the outer blade group of the
intermediate ring 1 are not required to be formed
continuously in the radial direction but can be made
independent from each other. At the time of high-volume
production, an axial flow fan in which the total number of

the blades and the total area of the blades are increased

14
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can be produced without consideration of the overlap between
the blades, i.e., a problem during high-volume production.
Hence, the present invention is effective in that in the
case that this axial flow fan is rotated, the axial flow fan
can produce the volume of wind larger than that obtained
when the conventional three- or five-bladed axial flow fan
is rotated at the same rotation speed.

[0032] Still further, with the present invention, the
number of the blades of the inner blade group of the
intermediate ring 1 and the number of the blades of the
outer blade group théreof can be set without consideration
of the overlap of the blades at the root sections thereof
and the problem of insufficient strength after production,
and the number of the blades can be increased significantly.
It is said that the wind from a five-bladed axial flow fan
is felt more gently and favorably than that from a three-
bladed axial flow fan, for example. Hence, the present
invention is effective in that the axial flow fan according
to the present invention can generate wind that can be felt
still more gently and favorably by using more than five
blades.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a front view showing an axial flow fan

according to the present invention;

FIG. 2 is a perspective view showing the axial flow

15
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fan according to the present invention and a motor;

FIG. 3 is a front view showing a conventional five-

bladed axial flow fan;

FIG. 4 is a perspective view showing the conventional
five-bladed axial flow fan;

FIG. 5 is a trihedral view showing the axial flow fan
according to the present invention;

FIG. 6 is an explanatory view showing the axial flow
fan, the motor on which the axial flow fan is mounted, and a
fan-type motor supporting apparatus for supporting the

motor;

FIG. 7 is an explanatory view showing the axial flow

fan according to the present invention mounted in the fan-

type motor supporting apparatus;

FIG. 8 is an explanatory view showing a general axial

flow fan having conventional five blades in the fan-type

motor supporting apparatus;

FIG. 9 is a perspective view showing measurement
points that are used when the air blowing range of the axial

flow fan is measured;

FIG. 10 is a view showing the measurement points that
are used when the air blowing range of the axial flow fan is

measured;

FIG. 11 is an explanatory view showing an axial flow

fan equipped with a plurality of intermediate rings

16



300 cm0.06 0.16 0.61 1.17 0.63 0.15 0.05 275 cm [0050] Next, the rotation
shaft section of the axial flow fan 10 of the bl ower 13 was positioned
hori zontally, the height of the rotation shaft section was set at 60 cm
fromthe ground, and the rotation shaft section was rotated at 800 rpm In
order that the peasure results corregpond to those shown in Table 3

descri bed SHOREL Y heCv ScFﬁfqﬁn?h%nﬁFﬂ W8S measured at each point under
measurenent conditions simlar to those of the neasurenment shown_in_Table
3. The resul t s FfiG { 2 nbaisar el adat ehowhl N FABME N thR Fataé &f oFhe

wi nd velocity is the average value of the wind velocity val ues neasured
conti nuouysly d@totdOngi nut ehat Eeekeposihivent f@0FdyTaddieid] aUnit: m's 75
cm

ventilator 17;

FIG. 13 is an explanatory view showing a heater
incorporating the axial flow fan according to the present
invention;

FIG. 14 is an explanatory view showing the spread of
the wind generated when the conventional five-bladed axial
flow fan is rotated;

FIG. 15 is a view showing the spread of the wind
generated when the axial flow fan according to the present
invention is rotated; and

FIG. 16 is an explanatory view showing the axial flow
fan having blades, the number of which is made larger thaﬁ
that of the blades of the conventional axial flow fan while
the shape of the blades remains the same.

MODES FOR CARRYING OUT THE INVENTION

[0034] An object of the present invention is to provide.
an air blowing axial flow fan for generating wind having a
wider area, a largef volume and being gentle and favorable
without changing the outside diameter and the rotation speed
of the axial flow fan. This object is accomplished by
adopting a configuratidn in which an intermediate ring being

concentric with the rotation shaft section of the axial flow

17



leftward 50 cmleftward 25 cmleftward Front 25 cmrightward 50 cm
rightward 75 cmrightward 0 - - - - -
fan is provided between the rotation shaft section and the
outer circumference of the fan, and the blades of the inner
and outer blade groups of the intermediate ring are designed
so as to have any giveh shape, number and area while high-
volume production is made possible and the problem in the

strength of the axial flow fan itself is solved.

EMBODIMENT 1

[0035] FIG. 1 is a front view showing an axial flow fan
according to the present invention, FIG. 2 is a perspective
view showing the axial flow fan according to the present
invention and a métor, FIG. 3 is a front view showing a
conventional five-bladed axial flow fan, FIG. 4 is a
perspective view showing the conventional five-bladed axial
flow fan, FIG. 5 is a trihedral view showing the axial flow
fan according to the present invention, FIG. 6 is an
explanatory view showing the motor on‘which the axial flow
fan is mounted and a fan-type motor supporting apparatus for
supporting the motor, FIG. 7 is an explanatory view showing
the axial flow fan according to the present invention
mounted in the fan-type motor suppdrting apparatus, FIG. 8
is an explanatory view showing a general axial flow fan
having a conventional five blades in the fan-type motor
supporting apparatus, FIGS. 9 and 10 are explanatory views
showing measurement points that are used when the air

blowing range of the axial flow fan is measured. FIG. 14 is
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an explanatory view showing the spread of the wind generated
when the conventional five-bladed axial flow fan is rotated.
FIG. 15 is an explanatory view showing the spread of the
wind generated when the axial flow fan according to the
present invention is rotated.

[0036] In these figures, numeral 1 designates an
intermediate ring positioned between the rotation shaft
section and the outer circumference of the axial flow fan
and concentric with the rotation shaft section. 1In this
case, the diameter of the intermediate ring 1 is 17 cm.
Numeral 2 designates an inner blade of the intermediate ring
1, and the number of the inner blades included in the inner
blade group of the intermediate ring 1 and arranged
sequentially is five. Numeral 3 designates an outer blade
of the.intermediate ring 1, and the number of the outer
blades included in the outer blade group of the intermediate
ring 1 and arranged sequentially is nine. Furthermore, the
rotation shaft section 4 of the axial flow fan is provided
so as to be connected to the rotation shaft 6 of a motor 5
with a screw or the like.

[0037] The intermediate ring 1, the inner blade group
formed of the inner blades 2 arranged sequentially, the
outer blade group formed of the outer blades 3 arranged
sequentially and the rotation shaft section 4 are connected

to form a single plastic molded component. This molded
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component rotates as a single axial flow fan 7 having a
diameter of 30 cm.

[0038] Furthermore, in order that the volume of the wind
generated by the rotation of the axial flow fan 7 is
increased, each of the blades 2 of the inner blade group and
the blades 3 of the outer blade group of the intermediate
ring 1 is configured so as to have a large area. Moreover,
the shape and angle of each of the blades of the inner and
outer blade groups of the intermediate ring 1 are set so
that the difference between the velocity of the wind
generated from the inner blade group and the velocity of the
wind generated from the outer blade group becomes large when
the axial flow fan 7 is rotated, that is to say, so that the
velocity V., of the wind generated from the outer blade group
formed of the outer blades 3 is larger than the velocity V;

of the wind generated from the inner blade group formed of

the inner blades 2.

[0039] The axial flow fan 7 was mounted on the rotation
shaft 6 of the motor 5, and the motor 5 equipped with the
axial flow fan 7 was mounted in a supporting apparatus 8 by
securing the motor 5 thereto with a screw or the like,

whereby a fan-type blower 9 was prepared.

[0040] The axial flow fan 7 of the blower 9 was then
rotated at 800 rpm. The velocity of the generated wind was

measured at a distance 1 cm away from the front of the axial
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flow fan 7 and at a position where the wind was generated

from the inner blade group formed of the inner blades 2

arranged sequentially,

that is,

at a position 11 away from

the rotation shaft section by 4 cm in the outer

circumferential direction of the fan.

Furthermore, the

velocity of the wind was also measured at a position where

the wind is generated from the outer blade group formed of

the outer blades 3 arranged sequentially,

that is, at a

position 12 away from the rotation shaft section by 10 cm in

the outer circumferential direction of the fan.

of the measurement are shown in Table 1.

The results

The value of the

wind velocity is the average value of the wind velocity

values measured continuously for one minute at each position.

[0041]

[Table 1]

Axial flow fan 7
according to the
present invention

At position 11 away
from rotation shaft
section by 4 cm in

outer

At position 12 away
from rotation shaft
section by 10 cm in
outer

circumferential circumferential
direction direction
3.58 m/s 6.23 m/s

[0042]

Next, the general axial flow fan 10 having a

diameter of 30 cm and formed of the conventional five blades

was prepared, and the axial flow fan 10 was mounted on the

rotation shaft 6 of the motor 5,

and the motor equipped with

the axial flow fan was mounted in the supporting apparatus 8

by securing the motor 5 thereto with a screw or the like,

whereby a fan-type blower 13 was prepared.
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[0043]

rotated at 800 rpm.

The axial flow fan 10 of the blower 13 was then

In order that the measurement results

correspond to those shown in Table 1, the velocity of the

generated wind was measured at a distance 1 cm away from the

front of the axial flow fan 10 and at a position 14 away

from the rotation shaft section by 4 cm in the outer

circumferential direction of the fan.

Furthermore,

the

velocity of the wind was also measured at a position 15 away

from the rotation shaft section by 10 cm in the outer

circumferential direction of the fan.

measurement are shown in Table 2.

The results of the

The wvalue of the wind

velocity is the average value of the wind velocity values

measured continuously for one minute at each position.

[0044]

[Table 2]

Axial flow fan 10
formed of
conventional five

At position 14 away
from rotation shaft
section by 4 cm in

At position 15 away
from rotation shaft
section by 10 cm in
outer

blades outer
circumferential circumferential
direction direction
3.30 m/s 4.29 m/s
[0045] When a comparison is made between Table 1 and

Table, the wind velocity at the position away from the

rotation shaft section by 10 cm in the outer circumferential
direction of the fan is 1.74 times the wind velocity at the
position away from the rotation shaft section by 4 cm in the
outer circumferential direction of the fan in the case of

the difference in the wind

Table 1. In the case of Table 2,
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velocity is 1.3 times. It is thus found that in the case of
the axial flow fan 7 according to the present invention in
Table 1, the difference between the velocity of the wind
generated in the vicinity of the outer circumference of the
axial flow fan during the rotation and the velocity of the
wind generated in the vicinity of the rotation shaft section
is larger than the difference therebetween in the case of
the axial flow fan 10 formed of the conventional five blades
in.Table 2.

[o046] At this time, in the case of the axial flow fan
10 formed of the conventional five blades in Table 2, the
difference between the velocity of the wind generated in the
vicinity of the outer circumference of the fan and the
velocity of the wind generated in the vicinity of the
rotation shaft section of the fan is small, and the axial
flow fan 10 generates wind spreading mildly in a direction
19 as shown in FIG. 14.

[0047] Furthermore, in the case of the axial flow fan 7
according to the present invention in Table 1l, the
difference between the velocity of the wind generated in the
vicinity of the outer circumference of the fan and the
velocity of the wind generated in the vicinity of the
rotation shaft section of the fan is large. Hence, when the
axial flow fan is rotated, a large difference occurs between

the amount of the air pushed out in a space 24 shown in FIG.
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250 cm300 cmO0 0 0.44 1.01 0.4 0 0 275 cm [0052] When a conparison i s nmade
between Table 3 indicating the range of the wind of the axial flow fan 7

according to the present invention and Table 4 indicating the range of the
wi nd of the axial flow fan 10 forned of the conventional five blades, it is

found that the air .bl.owi ng ran of the .axial flow fan,? ordi ng: 1o the
present ?nYEnfi Bﬁsil%lﬁibl S RY g‘ipﬁlﬁgécro tﬁ%fh %Iﬁ%%‘gof)fft %gea%\aa c?)\g/]vl an 10
even though the two axial flow fans are the sane in dianeter and rotation
speed; ibhet Mécindtds of tthe Fohin§icmarshad F2EL 4P REMWTIE FFRYAEe8Lby
the axial flow fan 7 can be nade |arger. Furthernore, the w nd generated
when an ekéahikl pusham icut oiat edspasear? apghroxi maneFYGoi redlrartBhape as
viewed fromthe front. Hence, the wind generated by the axial flow fan 7

accordi ng; £9nt RG BIESEE bRVEPL EQR haT r fiddres 7 the &aproximedwetherl. 5 m at
a position 3 maway fromthe fan, and the wind generated by the axial flow

fan 10 formed of e camuendi goal, bl ve Rifdesedasey BirafRleaiol.  pue

t
?pproxihr?ﬁ?’é ?’SSfcm at e Sane position. nce, at the position 3 m away
romthe front of the fan, jt is faound . that the axial flow fan 7 ac din
to the preseht Fjﬁ\féﬁtrleé‘rf:egejn%rﬁgﬁs%\ﬁ“ﬁ&,tx ai?e%% 8f‘r\/\ﬁiu(?\#eld§ Ubpr oﬁﬁ%&t e?y
nine times the area of the wind generated by the axial flow fan 10 forned
of the ceim@ngeoraktiid/& tpmdee outside of the intermediate ring

is pulled by the wind generated from the inside of the
intermediate ring 1 and being low in density. Usually, the
movement 19 in which the wind spreads mildly is changed to
the movement 30 in which the wind is drawn inward. The wind
is thus collected at the position 31 located a short
distance of approximately 40 cm from the front of the axial
flow fan 7. Then, due to the counteraction of the
collection of the wind at the one position, the movement is
changed to the movement 20 in which the wind spreads
extensively. The measurement results of the spread of the
wind will be described below.

[0048] The rotation shaft section of the axial flow fan
7 of the blower 9 was then positioned horizontally, the
height of the rotation shaft section was set at 60 cm from
the ground, and the rotation shaft section was rotated at
800 rpm. For the purpose of checking the spread of wind, a
net-like measurement space shown in FIGS. 9 and 10 was set

on a horizontal plane orthogonal to the rotation shaft
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[0059] FIG 13 is an explanatory view

In order that the measurement results

correspond to those shown in Table 3 described above, the

velocity of the wind was measured at each point under

measurement conditions similar to those of the measurement

shown in Table 3.

in Table 4.
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The value of the wind velocity is the average



I ncorporating the axial flow fan according to the present invention.

[ 0060] I n the above-nentioned configuration, the axial flow fan according
to the present invention can be used for not only a fan-type bl ower but

al so, for exanple, a blower portion of the heater 18 shown in FIG 13, and

can al so be used for the air oW n ctions of appliances re u ri a
functi onVdLUBl & gaitird EeaPﬁéthﬁﬁi ?i)ﬁﬁ@f%é%%Eﬁ&dg_ q 1?%5 t he
fan assenbly 11 shown in FIG 1 in Japanese Patent Appllcatlon Laid-Cpen
Publ i catten MonuMel at0-glaQl2gBositdonot ation shaft section was positioned
hori zontally, the height of the rotation shaft section was set at 60 cm
fromthergoeund, and[taeleouagti on shaft section was rotated at 800 rpm In
order that the nmeasurenment results correspond to those shown in Table 3
descri bed above, the wind velocity was neasured at each point undgkt: m/s

neasurenent conditions simlar to those of the neasurenment shown in Table
3.[ The rdsuli smof] tHecmeds@oement] &Fretshowd> i Tabl 8° 5™ The Val%e qf the
wilnd vel gdiefirard |lgbtward i Jebtupzfue of +p,x%ghtnar@,|n4g$g%g_gt&5§gg£q%§% el
Q_‘ :_\: \'J ul ot Ty 11 VLlnf-n-._E-.- VT \_UI Uv
C'C_lllzslllJULOI_yOIU:_rLV\IUOIIIIILLU %L € blg_zly?ILIUIIO [00621{ Tabtje51; Uit mps
715 cprdEeftwargd—S50Ttmgtef ttwarg—25cTe. b&f fwar do Front 25 cm 1ji ghtovard| 25 cm
75 cm 0 0 0.01 3 0.02 0 0 50 cm
100 cm 0 0 0.3 2.69 0.35 0 0 75 cm
125 cm 0 0 0.55 2.28 0.52 0 0 100 cm
150 cm 0 0 0.52 2.08 0.48 0 0 125 cm
175 cm 0 0 0.47 1.86 0.42 0 0 150 cm
200 cm 0 0 0.45 1.62 0.48 0 0 175 cm
225 cm 0 0 0.65 1.5 0.61 0 0 200 cm
250 cm 0 0 0.5 1.36 0.46 0 0 225 cm
275 cm 0 0 0.44 1.21 0.43 0 0 250 cm
300 cm 0 0 0.44 1.01 0.4 0 0 275 cm
[0052] When a comparison is made between Table 3

indicating the range of the wind of the axial flow fan 7
according to the present invention and Table 4 indicating
the range of the wind of the axial flow fan 10 formed of the
conventional five blades, it is found that the air blowing
range of the axial flow fan 7 according to the present
invention in Table 3 is larger than that of the axial flow
fan 10 even though the two axial flow fans are the same in
diameter and rotation speed; in other words, it is found
that the area of the wind generated by the axial flow fan 7
can be made larger. Furthermore, the wind generated when an
axial flow fan is rotated has an approximately circular
shape as viewed from the front. Hence, the wind generated
by the axial flow fan 7 according to the present invention

has a diameter of approximately 1.5 m at a position 3 m away
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from the fan, and the wind generated by the axial flow fan
10.formed of the conventional five blades has a diameter of
approximately 50 cm at the same position. Hence, at the
position 3 m away from the front of the fan, it is found
that the axial flow fan 7 according to the present invention
generates wind, the area of which is approximately nine
times the area of the wind generated by the axial flow fan
10 formed of the conventional five blades.

[0053] It is assumed that the above-mentioned results
are caused by the ratio of the wind velocity values between
the inner blade group and the outer blade group of the axial
flow fan as described above. According to the results of
Table 1, the velocity Vi of the wind generated by the inner
blade group and the velocity V, of the wind generated by the
outer blade group according to the present invention have a
relationship of V;:V, = 1:1.74 as the ratio therebetween.
According to the results of Table 2, the velocity Vi of the
wind generated by the inner portion and the velocity V; of
the wind generated by the outer portion of the conventional
axial flow fan have a relationship of V;:V, = 1:1.3. On the
basis of comprehensive judgments according to these results
and other experimental results, it is assumed that the
velocity V; of the wind formed by the inner blade group and
the velocity Vs of the wind formed by the outer blade group

preferably have a relationship of 1.5V;<V;.
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EMBODIMENT 2

[0054] FIG. 11 is an explanatory view showing an axial
flow fan equipped with a plurality of intermediate rings
according to the present invention.

[0055] In the above-mentioned configuration, an axial
flow fan 23 equipped with a plurality of intermediate rings
1 can be used instead of the axial flow fan equipped with
the single intermediate ring 1 depending on the desired air
blowing range, the spread direction of wind and the usage.
EMBODIMENT 3

[0056] In the above-mentioned configuration, the
difference between the velocity of the wind generated from
the inner blade group of the intermediate ring 1 and the
velocity of the wind generated from the outer blade group
thereof becomes large when the axial flow fan is rotated,
whereby an effect of changing the air blowing range of the
fan is obtained, for example. For this reason, the blades 2
of the inner blade group of thé intermediate ring 1 can be
formed into, for example, a shaft having no air blowing
function and used to simply connect the intermediate ring to
the rotation shaft section, instead of a bladé shape,
depending on the desired air blowing range, the spread
direction of wind and the usage.

EMBODIMENT 4

[0057] In the above-mentioned configuration, the
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difference between the velocity of the wind generated from
the inner blade group of the intermediate ring 1 and the
velocity of the wind generated from the outer blade group
thereof becomes large when the axial flow fan is rotated,
whereby an effect of changing the air blowing range of the
fan is obtained, for example. For this reason, the blades 2
of the inner blade group of the intermediate ring 1 can be
formed into a blade shape for generating wind in a direction
opposite to that of the wind generated by the blades 3 of
the outer blade group of the intermediate ring 1 when the
fan is rotated as a single axial flow fan, depending on the

desired air blowing range, the spread direction of wind and

the usage.

EMBODIMENT 5

[0058] In the above-mentioned configuration, the
diameter of the intermediate ring 1 can be set to a
different size so as to be made larger or smaller between
the diameter of the rotation shaft section and the outer
circumference of the axial flow fan depending on the desired
air blowing range, the spread direction of wind and the
usage.

[0059] FIG. 13 is an explanatory view showing a heater
incorporating the axial flow fan according to the present

invention.

{0060] In the above-mentioned configuration, the axial
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flow fan according to the present invention can be used for
not only a fan-type blower but also, for example, a blower
portion of the heater 18 shown in FIG. 13, and can also be
used for the air blowing sections of appliances requiring a
function of blowing air in a wide range.

COMPARISON EXAMPLE 1

[0061] In the fan assembly 11 shown in FIG. 1 in
Japanese Patent Application Laid-Open Publication No. Hei
10-141285, its rotation shaft section was positioned
horizontally, the height of the rotation shaft section was
set at 60 cm from the ground,'and the rotation shaft section
was rotated at 800 rpm. In order that the méasurement
results correspond to those shown in Table 3 described above,
the wind velocity was measured at each point under
measurement conditions similar to those of the measurement
shown in Table 3. The results of the measurement are shown
in Table 5. The value of the wind velocity is the average

value of the wind velocity values measured continuously for

two minute at each position.
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[0062] [Table 5]
Unit: m/s
75 cm 50 cm 25 cm Front 25 cm 50 cm 75 cm
leftward | leftward | leftward rightward | rightward | rightward
0 - - - - - - - 0
25 cm 0 0 0 3.05 0 0 0 0
50 cm 0 0 0 2.84 0 0 0 25 cm
75 cm 0 0 0.32 2.61 0.3 0 0 50 cm
100 cm 0 0 0.41 2.50 0.42 0 0 75 cm
125 cm 0 0 0.49 2.32 0.5 0 0 100 cm
150 cm 0 0 0.71 2.09 0.68 0 0 125 cm
175 cm 0 0 0.84 1.93 0.82 0 0 150 cm
200 cm 0 0 0.75 1.75 0.71 0 0 175 cm
225 cn 0 0 0.61 1.55 0.58 0 0 200 cm
250 cm 0 0 0.55 1.48 0.51 0 0 225 cm
275 cm 0 0 0.45 1.32 0.49 0 0 250 cm
300 cm 0 0 0.39 1.21 0.43 0.04 0 275 cm
[0063] In the fan assembly 11 shown in FIG. 1 in

Japanese Patent Application Laid-Open Publication No. Hei
10-141285, the gap between the inner blades thereof is large,
air is sucked from the gap between the inner blades by the
fast and strong wind generated by the outer blade group
thereof, ‘and this air joins the wind generated by the inner
blades, whereby the velocity of the obtained wind is

increased. Hence, the difference between the velocity of

the wind generated by the region of the inner blades and the
velocity of the wind generated by the region of the outer

blades does not become large, and the diameter of the wind

is approximately 50 cm at a point 3 m away from the fan

assembly; the wind does not spread widely.

INDUSTRIAL APPLICABILITY

[0064] FIG. 12 is an explanatory view showing the axial

flow fan according to the present invention mounted in a

and FIG. 13 is an explanatory view showing a

ventilator,
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heater incorporating the axial flow fan according to the
present invention.

[0065] The use of the axial flow fan according to the
present invention is not limited to fans and blowers. It is
a matter of course that the axial flow fan can be used for
all kinds of appliances requiring a blower inside, such as
the ventilator 17 shown in FIG. 12 and the heater 18 shown
in FIG. 13.

[0066] Furthermore, it is a matter of course that the
axial flow fan according to the present invention can be
used for all kinds of appliances required to be cooled, such
as a computer, by decreasing the outside diameter of the fan
and by incorporating the fan inside the computer.

[0067] Moreover, it is a matter of course that the axial
flow fan according to the present invention can be used for
all kinds of appliances and facilities for generating air
flow, such as the air—conditioning.and air-blowing sections
of building facilities, by increasing the outside diameter
of the fan.

[0068] Still further, it is a matter of course that in
the axial flow fan according to the present invention, a
substance, the movement of which generates flow, is not
limited to air, but all kinds of fluid, such as gas and
liquid, can be used as the substance, and that the axial

flow fan can be used for all kinds of appliances for
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Application Laid-Qpen Publication No. Hei 10-141285, the gap between the

i nner bl ades thereof is large, air is sucked fromthe gap between the inner
bl ades by the fast and strong wi nd generated by the outer blade group
thereof, and this air_joins _the w nd generated by the inner blades, whereby
the vel ogienerAtimg bvafndd M nPBREh| Aér 8aSEFe A teRelBi FAEPENCe
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not limted to fans and blowers. It is a matter of course that the axial

f1 ow f an4cahhbe neded-ffan shafki aestdomppf i ancedirdqdil g3l bl ower i nsi de,
such as the ventilator 17 shown in FIG 12 and the heater 18 shown in FIG

13. [0066] Fdr inbeoyore, it is a matter of course that the axial flow fan
according to the present invention can be used for all kinds of appliances

requi redgt o e GRe8%.05USha 88 BrCeMULItoPY decreasing the outside
di aneter of the fan and by incorporating the fan inside the conputer.
[0067]Nb5eoggraxk%li%f%&n¥é§ragkd?afﬁgaE@a{héhﬁr@ékﬁt invention

8 a motor supporting apparatus

9 a fan-type blower equipped with the axial flow fan

according to the present invention

10 a generél axial flow fan formed of conventional five

blades

11 a wind velocity measurement point

12 a wind velocity measurement point

13 a fan-type blower equipped with the general axial flow

fan formed of the conventional five blades

14 a wind velocity measurement point

15 a wind velocity measurement point

16 a wind velocity measurement point

17 a ventilator-type blower equipped with the axial flow

fan according to the present invention

18 a heater equipped incorporating the axial flow fan

according to the present invention in the air blowing
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flow fan according to the present invention can be used for all kinds of
appliances and facilities for generating air flow, such as the
air-conditioning and air-blowi ng sections of building facilities, by

i ncreasing the outside dianmeter of the fan. [0068]Still further, it is a
matter of course that in the axial flow fan according to the present

i nvent i ofungtsiistpelel ovhEhpE®&fent of which generates flow, is not
limted to air, but all kinds of fluid, such as gas and liquid, can be used
as the substahaed, spréddiaigtihieenxthle el ahleanfde Gosmeroflth®i nds of
appliances for generating fluid flow, such as a screw rotated in water.

EXPLANATLONS <G ilETaERS: $ID NoMERALS: [ 8969t ddan internediate ring 2 the

i nner bl ades of the internediate ring 3 the outer blades of the

intermedi,ate ring 4 .the s j f ti f calrdil f@ncBe a
not or 6 ?ﬁe ¥ gt isg’r]fes Ola r?é g‘gh?ﬁe\%%%t tgrﬁsdclanﬁpa?(‘?afggl %\z/&vb?é:r?ﬁé?gor ding to
the present invention 8 a nptor supporting apparatus 9 a fan-type bl ower
equi ppedPREER{thet G L P oSt §|‘?t§6£eo$ ding to the present invention 10 a
general axial flow fan formed of conventional five blades 11 a w nd

vel oci t y2Aeasor eméatl gdian fign seghapped otitly weRshiefesr fdishishapg of
fan-type bl ower equi pped wth the general axial flow fan fornmed of the

convent i grakhf iiee tHadesmddaa whad wef oci¢ ycopusuréwertl poive blades
22 a blade overlapping portion as viewed from the front
23 an axial flow fan according to the present invention
equipped with.a plurality of intermediate rings
24 a space around the rotation shaft section at a position
very close to the front of the axial flow fan according to
the present invention
25 a space around the outer circumference at a position
very close to the front of the axial flow fan according to
the present invention
30 the direction of the wind at a position located a short
distance from the axial flow fan according to the present
invention when the fan is rotated
31 a position where the wind is collected when the axial

flow fan according to the present invention is rotated
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15 a wind velocity measurenment point 16 a wind velocity neasurenent point
17 a ventilator-type bl ower equipped with the axial flow fan according to
the present invention 18 a heater equi pped incorporating the axial flow fan
according to the present invention in the air blowng function section

t hereof 19 wi nd spreading when the axial flow fan formed of the
conventional five blades is rJIBARIIS0CHAFN EShriexdi ng when the axial flow
fan according to the present invention is rotated 21 an axial flow fan

equi pped with tenahl ages,l tiieowhtpe obmphichnics a heotamkonsshhat of the
conventional five blades 22 a bl ade overlapping portion as viewed fromthe

front 23sé‘Et§§ha'tof W f A B€G 06 i BHet @ dithe: {ieses £t NwEntrioam teiqpti pped Wi t h

a pluraltty of internmediate rings 24 a space around the rotation shaft

section at.,a position very clgs t f : -al: 4f an
accor di n@rfgetﬂga&’sés&ﬂ éllr}\r\l/%%tig%%a%ggosl%g?eré;\%%%g ?Eggét(}tée%é
circunference at a_position very close to the front.of.the axial W, fan
accor di nectatine shaddntSeHvENRi 8R 36 e Rf rce%?}ﬂ)?llo%hfaﬁng#r?d a%A(g ah
position located a short distance fromthe axial flow fan according to the
present éuvent bdndshgraur proevidedopited Bl H9okRREENOWAS e TR AT i s
col l ected when the axial flow fan according to the present invention is
rotated gYHAT bS GLAKNED ItSierewith, lwhAreaixi athd | bmnéanbdeder igsiquwp ais
rotation shaft section to be nounted on the rotation shaft of rotation
drive m@@?me&”ok”%e?l%?éjﬁ LOYP PhA¥kded LU Sigieothaetotraldien shaf t
section soO as to be coaxial therewth, and an outer blade group provided
outside the inner blade .group so.as cogxi al e \Qﬁq; i n;the

i nner bl%ﬁ%u@igoﬁbei & @rt%e o?h%fgl ﬁrggltitlt%f’o%%n%ébgl‘rayérg@gr oVi d]‘g%l L5
radially around the rotation shaft secti %n, Ciﬁhe out er bldadedarqéf is forned
of a pl ufarmeg of euldiitnldded foorded PIART PLPBUAG: FEFSGHatY on shaft
section, and the velocity V1 of the wind generated by the inner_ bl ade group
and t he aebondt yh2 roft athieomi shia feneestddmy atd bueerepprsdd YgrouPthave a
rel ationship of 1.5V1I<V2. 2. The axial flow fan according to claim
1, wher eipethienkingendd-adel and the onher hiladie hgweupnaatit able armllecihyt he
rotation direction, and when the attack angle of the inner blade is al and

the attack ogf’]gji?%o&rihge %?‘xte‘ira@@%y i Sh@2cukthe itatk grghg Rhvand the

attack arfgl ave a relationship of al<aZ2. 3. The axial flow fan

accor di %io ¢l ai g\.l or %D é/k?egvei n when the total area of the inner blades
is 51 a AeIPBEALPaPda P Yhe'2suter blades is S2, the area SI and S2 have
a relationship of S1<32. ) . .
2. The axial flow fan according to claim 1, wherein
the inner blade and the outer blade have an attack angle in
the rotation direction, and when the attack angle of the
inner blade is a; and the attack angle of the outer blade is
oz, the attack angle oy and the attack angle o have a
relationship of o;<os.
3. The axial flow fan according to claim 1 or 2,
wherein when the total area of the inner blades is S; and
the total area of the outer blades is S;, the area S; and S»

have a relationship of S:<S:.

4. The axial flow fan according to any one of claims 1
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4. The axial flow fan according to any one of clains 1 to 3, wherein the
outer blade group is provided outside the inner blade group via an
internediate ring. 5. The axial flow fan according to any one of clains 1
to 4, wherein the total area Sg of the gaps anong the adjacent inner bl ades
of the inner blade group as viewed fromthe front of the axial flow fan and
the totatoaBeawBerefin Hd¢ rowtepl RdadenHrOuP et PTORIARE SLtsydr 1983, 6.
The axial flow fan according to any one of clainms 1 to 5, wherein the front
fringe ofnhbe bnade Rrafde ivid henr ohaeiraediateectrongand the front fringe of
the outer blade in the rotation direction are not on a continuous |ine as

viewed fromthe fsot,9f stihe AN, £ andatherigaly fid ngey cbnéhefi enerimy ade in
the rotation direction and the rear fringe of the outer blade in the

{ﬁtea} ;g_ntgi secthon are ot of & copLinuous A ihe 3%, yd engdnfr @Rt he front of

adjacent inner blades of the inner blade group as viewed
from the front of the axial flow fan and the total area S;
of the inner blades have a relationship of 54<0.128;.

6. The axial flow fan according to any one of claims 1
to 5, wherein the front fringe 6f the inner blade in the
rotation direction and the front fringe of the outer blade
in the rotation direction are not on a continuous line as
viewed from the front of the fan, and the rear fringe of the
inner blade in the rotation direction and the rear fringe of

the outer blade in the rotation direction are not on a

continuous line as viewed from the front of the fan.
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