'e3e*?::; <=@=$>6>T*?2cm 0 ENCLOSURE- BASED SUCTI ON APPARATUS BACKGROUND OF
E INVENTION 1. Field of the Invention The present invention relates to a
ction apparatus which utilizes an enclosure to artificially generate a

tornado therein | and exhausting contam nated air due to snopke,
dust particles, I WW@ ﬁ’ﬁl sonous gas and so on by the tornado. 2.
Description of the Re rt As illustrated in Fig. 1, a conventionally
known t or nado generdﬁ?ﬂb met hod i nvol v&3 bl owi ng out air froma bl ow out
nozzle b arranged in a substantially conpletely closed cylinder a to a side
wall c¢ of the cylinder a, and simultaneously sucking the air froma suction
port d to generate a tornado t directed to the suction port d. This is a
so-cal |l ed in-pi pe tor naddCIRSURERBASER eBURTEAN ARBARATUSNG tine. | n anot her
known nmethod, as illustrated in Fig. 2, a box a which has an open front
face used as a hood is provided with suction ports d at two | ocation on the
top surface, and with bl owout pipes g on both sides of an opening f. Ar is
bl own out of the two bl ow BACKERPENDQOF OTHHr INVENTION t ai ns h. \Wen the air
I s sucked sinultaneously fromthe two suction ports d, two tornados t
directed to the two suction port d are formed within the box e. -2
1. Field of the Invention
The present invention relates to a suction apparatus which
utilizes an enclosure to artificially generate a tornado therein
for sucking and exhausting contaminated air due to smoke, dust
particles, bad odor, poisonous gas and so on by the tornado.
2. Description of the Related Art
As illustrated in Fig. 1, a conventionally known tornado
generating method involves blowing out air from a blow-out nozzle
b arranged in a substantially completely closed cylinder a to a
side wall c of the cylinder a, and simultaneously sucking the air
from a suction port d to generate a tornado t directed to the
suction port d. This is a so-called in-pipe tornado which has
been known for a long time.
In another known method, as illustrated in Fig. 2, a box e
which has an open front face used as a hood is provided with
suction ports d at two location on the top surface, and with blow-
out pipes g on both sides of an opening f. Air is blown out of
the two blow-out pipes g to form air curtains h. When the air is

sucked simultaneously from the two suction ports d, two tornados t

directed to the two suction port d are formed within the box e.
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Then, within the box a for use as a hood, a work is perfornmed under the
presence of poisonous gas and a | arge anmount of dust particles. In a
further known nmethod, as illustrated in Fig. 3, four blow out pipes g,

whi ch blow out air to formair curtains h, are positioned in parallel with
one anot her, such that the air blown out of the pipes g rotates in the sane
di rection. A revolving airflowi is formed by a wake action of the air
curtains h fromthe bl ow out pipes g.-A-suction port d is forned at | east
one of both axial ends of each blow out pipe g at a position in the axial

di recti @heof whehievoheibox & rfdd ewse asaadhaodhi el vopk ate perfommedanged at
at |l east one of the two ends. Then, air is blown out of the bl ow out pipes
g, Wwhil entlke dhe psesemdedf rmnddmusuckisoandoat adgé camgeunet adfe dusttor nado t
directed to the suction ports d in the space defined within the air

curt ai npalrtidiiesl osed i n Lai dopen Japanese Patent Application No. 62-178826

filed by the present applicant). In another known nethod, as illustrated in
Fig. 4, shield mphatesurthee latiovangesthonl baeish idildesrated spirFhg. @ atfodg and
a suction port d is fornmed through at |east one of the shield plates j. Air

IS suckddoloutt pepésiclj orh i thlbw @uiAlde thefarm &0rfieomeadon t kgespiral
plate k, formng a revolving airflowi within the spiral plate k, and form

a tor na@@s&tdbheat efl p&rdEe BUEiPBOEncEherYr BHER, tREt aF10d NeTr KN
nmet hod, as illustrated in Fig. -3 5, a wrkbench 1 is fornmed with an air

bl ow oubyROBE BhéNp ?é§adj POELN 6f the semekBereRtiond CAIrM&fbBR}ingui de
wall n on the back of the air blowout port m side walls o on both sides

of the Riikrall;de 18! Fofnednly SHIGIIRN A1 St Rhaughrbetbeyeld s, krdn the
wor kbench 1 thus constructe air is blown out of the air blowout port m

and the &l b1 8,,SHGKEH: 5Ny { s SURLI 0 RIS ot 150 £5PREN 2at EYOL %@'Jff | ow

i by a wake action between an air curtain h and the air guide wal

resul ti Rgthnakhg1 96nGE bt 00 B AIAOHide & hikf hcbat,lt%ﬂaﬁ&eﬂt% 1%.(1 to

the suction ports d. This tornado generating nethod is disclos

present s3pRLk¢aA ornthé" FORSTy AP anas & 1Rt ant aéephl ﬁﬁié?@ ﬂw\Pate_zo;PQ.s]'?S??Z

On the workbench 1, the operator™is working under the presence of snpke

poi Sonoys. gﬁ@eangtaataiggs@mBHQHxPﬁﬁﬁy%Mop%BH%C'engIhe?Ifr cﬁgéyn out

conventi onal “"tornado generatlng nmet hods strategic shape of
wal | Surffa%ﬁa BTgw {9 %kée W%Allaes tl?leovéﬂ a' r EBCEE& ﬂ*&h ﬂé’ er]Ser te
rotatlonal ot I oNS f generate a revo ving arr Vortex thin
a fixed Sp The rotatjona nDt vorte s are, used as a powe

S our ne PRREECH EHSOERPEMETE vaRARE HiskhEehOthe ﬁﬁese%tt%&eeormcf

generat%%% a torn glnS at g%another way ccord onc f the

Fanklne %8 |ne CUoPt Mhsfﬁﬁchr ﬁlﬁlghngdl§8#?%§ S ? d e a |
vor tox GORbSPRRORERC) BULBLe TR DO R TS e AT

concentrated. . The conventional tornado generating nethods utilize the shape
of -4Rﬁ§PPn§uP98gecﬁﬂH)the like as well as blown air to inpart rotationa
energy to the outer free vortex to drive the inner forced vortex g mhlch
is the core of tfe2PEERSHKIPHIY ﬁé thed i AR g lusiteatedpdt Fig- t br nelyeld
generating methods described above will be verlfled fromthis point of

vi ew. TREEENAdBTGeRAEFARIRY PRIPRNDN igidest roft &d sPArpilgPlate| bnsarfita aj r
fromthe bl owout nozzle b along the side wall c of the cylinder a,

f or cedl PUCSARE QOFévél%Fn&OEW?¢I?ﬁFQBHQtﬁ¥z%Q@SGfOPﬁe°§hab% %@l?¥QeR%ﬂﬁQﬁkn
a and the blown air, and sucks the air fromthe suction port d to generate
the tordado®ir 48 FHEKeEhf5OMetR FUftiRNs ROFE Oniter CRBFEelNG oriextq, LM ch

is the core of the tornado, with the outer free vortex p.
along the spiral plate k, forming a revolving airflow i within the

spiral plate k, and form a tornado t directed to the suction port
d.

Further, as another known method, as illustrated in Fig.



The tornado generating nmethod illustrated in Fig. 2 substantially encl oses
the interior space of the box a with the box a and the air curtains h from
‘the two bl ow out pipes g positioned on both sides of the open face of the
box e, and sucks air simultaneously fromthe two suction ports d to
forcedly transformthe air curtains h into two revolving airflows i, which
flowin different rotating directions, to generate two tornados t. Thus,
similar to the nmethod of Fig. 1, a freg&vortex p inparted with rotating
energy by the shape of the box a and the air curtains h fornmed by the bl own
air to gyi geworkipsmed Vard eorthedhivdlthi ant Aér colewodut hsottomnado.a Fear
tornado generating nmethod illustrated in Fig. 3 forns a closed space by the
four ai poguidni 60 thd ropkbdendhour, l ewroell airSqpid@esvall shictl dhel baek| ,
and floor surface, and forcedly fornms the revolving airflowi within the

cl osed spagRe SaiH| BEREWVIR YodBt hi)e swakewatlso08 6f bdieh ad Ideridfaivhe Aiko
generate the tornado t, so that a forced vortex g, which is the core of the
t or nadogul 8e Wh VEN PYardd feR 169 xR WhithRolighi Boer vl vd td t e rRefat i ng
energy only by the air curtains h formed by the blown air. The tornado

gener at {ypgkPEALRAL | t hiss tdHAdddted, Jai4 iar eekd &@F NGt tiree reMolplioRdout
airflowi only by the shape of the spiral plate k since the air flow

gener at gdrbym$Ugkd Nehétl 414 oM duedU¢iroRn tBEr budt {bRVWSo M K1Y dd & ot hal
plate k' to obfain a rotating force, and generates the tornado t by sucking

the airp;8MELRE SUEEIQR PUY waMeelRithod beEtHBEn VARt £ uHiG H Sinkhe
core of the tornado, is driven by a free vortex. The tornado generating

met hod ithéuaifa%@ﬂdé Ndlts m, AR i9PRAE BenéPee fbh S d&oMldontalSi de
wal |s o arranged on both sides of the-air guidé wall n, and the air curtain
fromth j egﬁr . Al iyde I LQr or 1 Vi ng
airfl owgirltggg%gglwa eﬁ)éa%% !}glnﬂo%te?ﬁg%ait?@f %ggvté{)gvxgggt%{ Jcl)f t elgz;?trc;xﬁég\ll?/- out
port m Al r i : i : i rg. dto
Gener ot oA mELISA o i ANGTES, LHE BrRathErabpricil R fed.
forced e | i r £t t d S, dri a free
vortex_ég%ha§a?gn¥€%g$ %éP%M. ﬁgégggfﬁg%gﬁe?8965§7?zzzéhé%gqgﬁythe air

Out 0e L BBRIpARbh 0 ol MeBleaf 4 flobylngSyBRcthRopabones dhsaplir o
accordance with their_res tive purposes af applications, and sufficiently
achi evePPﬁ8°88PBo%%§.a‘%ﬁ%%ﬁ%%ﬁﬁ@é‘eﬁha egﬁﬁi%o aﬁgfé%?(%'rrpl es are all
configured to epclose_a space b |l faces, air curtai and the. like,
artifrcially reyBfvESFRESHIN SFORYEE Al t o5 8o PRETRREDS HIRYITE ced
vortex g, which is.the core of the tornado, .it is_in sone cases difficult
Lo encl S5595eGpGREL IR FhEL TR IS SHARE S MAdEs SURFROEE, #¢ rlf 1o 49 ke
dependi n n places. Mreover, for farcedl enerating.the revol vin

ai 111 owElli BRI RLPKE SPECES SiATYGHNY, FeRGIARE FOYBFVPRGE AITTIRRG 19 nt o
PGS St It p e LR R
addition, if large turbulence or three-dinensional airflow occurs within

t he spaé"@aFﬁ-mhF'gﬁ FREAE PR IR T H AT Fhge VOr5PEESIBES  B58H i APNer
factor (for exanple, an object or a persan _existing within the space) or an
ext er nalPOPEELOEO( RPN BRe t Hr | F 1M hlgniatd dinAd TeRELSPatE) the NEPTRAARAi ng
airflowi, which is driving the tornado t, jis disturbed and prevented from
i mpart i FGeEREYr GERET AGLRACR iR calS tAte S GRRABETt WaE audFFRFLH 1t} nado
generating apparatus to fail to denonstrate sufficient performance and end

up i n a¥hgppanaens ohi the sRapiine kieemhined, yRrtRE,sast Lbhupbrated IMBIECT

AND SUMVARY OF THE | NVENTI ON
Fig. 6, vortexes include a free vortex p on the outer side which

does not have vorticity and a forced vortex g positioned inside
the free vortex p, in which certain vorticity is concentrated.

The conventional tornado generating methods utilize the shape of



The present invention has been made in view of the situation nentioned
above, and it is an object of the invention to provide an encl osure-based
‘suction apparatus which is capabl e of generating a tornado, even w thout
forced generation of a revolving airflowin a certain space to inpart
rotating energy, and utilizing the characteristic of the tornado to ensure
a wde collecting range and a capturing force to allow for an efficient
suction operation. As a result of dilfgent studi es for achieving the above
obj ect, the inventor found that when an enclosure was fornmed with an

openi ngwadi swrkacy amll tdhie ke swclkwedlf asnbldoen entt osurigypaxrtdi scont i nuous
pl ane was created in an airflow al ong peripheral edges of the opening, with
a pl ur akotgtddnabremesyy genditet edtenr feedverbexipuousdmpivwndhesdnnleat i f
air suction positions were appropriately set in the enclosure, tornados
wer e gefiera¢@dvoreiex tdievtpiert plserthle edgesobf théetopmadag and acts to prevent
particul ate products within the enclosure fromleaking out, even if the
encl osure was fDnnehe wiohlawiend arde aespecdier toon&doggemaratiatg t he
products could be fully sucked. The conpletion of the present invention was
r eachedmbaheds odle ¢ sbdd rabovg: witirle bepeerfifdadl From heh b mritntofoft eepr.esent
invention is achieved by an encl osure-based suction apparatus which

i ncl udes an encthgutérhado el tihaA nerhod, iaduspeatsq forrag. i Ylvws

encl osure, and at |east one suction port fornmed in the enclosure near the
openi Ngouthgi SUEEFSRN RO B 1 dvwi-RRSindz2Ned bt a18HEKtRE side Grallhey &IfMittdet O
introduce an airflow into the opening fromthe outside. The introduced

ai rflowei,nt grast &, WdPead @i fddn@V aNirdeRionviilg 8NEEDEWISy tihd QiR ®df the

di sconti nuous pl ane therebetween. A plurality of vortexes generated on the
di scont 'sHH?H%P' BRE Sy Ei kMW Ert Bl ithedB13Whahidi r 8681 SRk ROfa@NE rom
converged to generate a tornado which enables a highly efficient sucking

operati Re BRLEECRESGHL FI N fdnelid DRAW NGBnBhE- t1 16 £n&f 095rss efdtal

view illustrating a prior art” tornado generating nmethod; Figs. 2 and 3 are

per spechirggegi EUE RGO T M Afd B2 P Wilh o8 Hst PhBadOrgeseT@d Ng et hod;

Figs. 4 and 5 are cross-sectional vievws each illustrating a prior art

tornadogeaghst | RPLAPERO%uter free vortex p.

The tornado generating method illustrated in Fig. 2
substantially encloses the interior space of the box e with the
box e and the air curtains h from the two blow-out pipes g
positioned on both sides of the open face of the box e, and sucks
air simultaneously from the two suction ports d to forcedly
transform the air curtains h into two revolving airflows i, which
flow in different rotating directions, to generate two tornados t.
Thus, similar to the method of Fig. 1, a free vortex p imparted
with rotating energy by the shape of the box e and the air
curtains h formed by the blown air to drive a forced vortex g
which is the core of the tornado.

The tornado generating method illustrated in Fig. 3 forms

a closed space by the four air curtains h from the four blow-out



Fi.g. 6 is a cross-sectional view for explaining the structure of a tornado;
Fig. 7 is a perspective view illustrating an enclosure based suction .
apparatus, according to one enmbodinent of the present invention; Fig. 8 is
a cross-sectional view for explaining the principles of the generation of a
tornado in the encl osure-based suction apparatus according to the
enbodi nent of the present invention shown in Fig. 7; Fig. 9 is a
per spective view showi ng how a tornado®Fs generated in the encl osur e- based
suction apparatus in the -9 enbodi ment of the present invention shown in
Fig. 7, pEpgs ¢0 shieldrpbkateselt iaowhlf loogwshiofacepl andi Horesdgnd gt ehengl e
of the enclosure-based suction apparatus in the enbodi ment of the present
i nvent i cevehoingi aiFfow 71 WwHigsin theardobs2daspaceossmsbeinamnas 1y i heach
illustrating the structure of another opening in the enclosure based
suct i onwaRpaaatisni of t fiee e dumidinef H ke peaseatei thentéado t, so
that a forced vortex g, which is the core of the tornado, is
driven by a free vortex p which is imparted with the rotating
energy only by the air curtains h formed by the blown air.
The tornado generating method illustrated in Fig. 4
forcedly forms the revolving airflow i only by the shape of the
spiral plate k since the air flow generated by sucking air from
the suction port d flows along the spiral plate k to obtain a
rotating force, and generates the tornado t by sucking the air
from the suction port d, wherein a forced vortex q, which is the
core of the tornado, is driven by a free vortex.
The tornado generating method illustrated in Fig. 5
encloses a space by the air guide wall n, side walls o arranged on
both sides of the air guide wall n, and the air curtain from the
leading end of the air guide wall n, forcedly forms the revolving
airflow i by the wake action of the air flow blown out of the air
blow-out port m and the air curtain h, and sucks the air from the
suction port d to generate the tornado t, so that similarly to the
foregoing methods, a forced vortex ¢, which is the core of the
tornado, is driven by a free vortex p that is imparted with
rotating energy by the shape of the air guide inner wall n and the

air curtain h.

As described above, the prior art examples illustrated in



shown in Fig. 7; Figs. 13 through 15 are cross-sectional views each
illustrating the structure of a different opening in the encl osure-based
suction apparatus in the enbodi nent of the present invention shown in Fig.
7; Figs. 16 and 17 are cross-sectional views for explaining the generation
of a tornado in the encl osure-based suction apparatus according to the
enbodi nent of the present invention shown in Fig. 7; Fig. 18 is a
perspective view illustrating an encl v8ure based suction apparatus
according to anot her enbodi nent of the present invention; Fig. 19 is a
cross-sBigsondl 2j edy fbrarek@ aime ng itlheedr incaptesdadce heldendredtd on of a
tornado in the encl osure-based suction apparatus in the enbodi nent of the
present reapectiva plnppeses) di gpplicakigns?0and auplispactiweaochi@wve the
illustrating an encl osure based suction apparatus according to anot her
enbodi npukposes he Howdwer, since these prior art examples are all
configured to enclose a space by wall faces, air curtain, and the
like, artificially revolve the outer free vortex p to drive the
inner forced vortex g, which is the core of the tornado, it is in
some cases difficult to enclose a space making use of wall
surfaces, air curtain and the like depending on places. Moreover,
for forcedly generating the revolving airflow i within the space,
and transforming the revolving airflow i into the persistent
tornado t, persons and objects are not basically permitted to
exist at least in a region in which the tornado t is being
generated.

In addition, if large turbulence or three-dimensional
airflow occurs within the space in which the tornado t is being
generated due to an internal factor (for example, an object or a
person existing within the space) or an external factor (wind or
the like blowing into the space), the revolving airflow i, which
is driving the tornado t, is disturbed and prevented from
imparting the rotating energy to break the tornado t, causing the
tornado generating apparatus to fail to demonstrate sufficient

performance and end up in an apparatus which simply sucks air from

the suction port d.

OBJECT AND SUMMARY OF THE INVENTION



present invention; Fig. 21 is a cross-sectional view for explaining the
principles of the generation of a tornado in the encl osure-based suction
‘apparatus in the enbodi nent of the present invention shown in Fig. 20; Fig.
22 is a side view of an encl osure-based suction apparatus according to
anot her enbodi mrent of the present invention, when it is incorporated in a
wor ki ng section of a machine tool; Fig. 23 is a perspective view
illustrating the encl osure based sucttTdn apparatus according to the
enbodi ment of the present invention shown in Fig. 22; Fig. 24 is a vertical
sectional vi ew Bhetpresert onwentiayedasuberonmagpaint viewwcebridieng to t he
enbodi nent of the present invention shown in Fig. 22 when it is in
oper at i ehtu&tgon 2eentsiendrbraboont,alansiedti arabhnvokject o¢hHetlencimsurtdopased
suction apparatus according to the enbodi nent of the present invention
shown i prévide 2an whsrlédures-hasegpengttion; appdratygs W6icls s hmpabdet alf
sectional view showing the orientation of a nozzle of the encl osure-based
suct i ongeperabing actwrmhdy teyerhericimboadi flentedf géeherprisset ianvent i on
shown in Fig.

revolving airflow in a certain space to impart rotating energy,

and utilizing the characteristic of the tornado to ensure a wide

collecting range and a capturing force to allow for an efficient

suction operation.

As a result of diligent studies for achieving the above

object, the inventor found that when an enclosure was formed with

an opening for working and air was sucked from the enclosure, a

discontinuous plane was created in an airflow along peripheral

edges of the opening, with a plurality of vortexes generated on

the discontinuous plane, so that if air suction positions were

appropriately set in the enclosure, tornados were generated near

the peripheral edges of the opening and acts to prevent

particulate products within the enclosure from leaking out, even

if the enclosure was formed with the large opening for working, so

that the products could be fully sucked. The completion of the

present invention was reached based on this finding.

More specifically, the object of the present invention is
achieved by an enclosure-based suction apparatus which includes an
enclosure for enclosing a space, an opening formed in the

enclosure, and at least one suction port formed in the enclosure

near the opening. The suction port is positioned to suck air



22. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In the follow ng, the
present invention will be descri bed -11 in detail in conjunction with
‘preferred enbodi ments thereof illustrated in the acconpanyi ng draw ngs. As
illustrated in Figs. 7 through 9, an encl osure-based suction apparatus 1
according to one enbodi nent of the present invention has an encl osure 2
whi ch encl oses a certain space, an opening fornmed in the enclosure 2, and
one or nore suction ports 4 positionedshear the opening 3 within the
enclosure 2. As air is sucked fromthe suction ports 4, an airflowis

i ntrodutkhdréinnetbe tutmdied @mro atihé lopennhg Bhe copemimait&ram dihecont i nuous
pl ane 7 between the introduced airflow 5 and an airflow 6 normally

st agnat edtaiddi n The Imotabures 2irKlplvuiaktergcts wbth extesais fijene wdttédnon

t he di scontinuous plane 7 are connected in the axial direction thereof and
conver gebet endbdsumee at@poXin N ditscwinitéhuausophade thewebdiavegener &t ed.
Eventual ly, the generated tornado t can act to highly efficiently suck
subst anpiarél bty exfinpdetexgas ,gefrleaattiedg ohi gheddasdosolnubyrargliazleesmreand t he
li ke, without |imtation) possibly existing within the enclosure 2. In this
enbodi meohnetted et | axs uaxei & rdyrded ionr eheangll and sodbnveigad N weneapee
side, conprised of a top plate 10, a bottomplate 11, both side plates 12,
13 bet waeBotheadd ophitiatenddleandh bdigham pfdieidédt suckindasgerltiion.14. |t
shoul d be noted however that the enclosure is not particularly limted in
shape as long as it can enclose a certain space, and may be a cube, a
cylinder, a sphere, a polyhedral body or the like. Alternatively, the

encl osure 2 nay be defi mgdsEsy pagcaRbrienr oMY BRAWINGON t her eof -12
surrounded by plates or the like. IN essence, the enclosure 2 is only

required to enspig.aifixed sRaeL ddetiinell INeqPelatiotrs8inyod koot Guwhi ch
a person can access. An open side of the enclosure 2 is the opening 3. The

openi Ng+3rhadBr Q¥hELs: Piy aRec1idgle of the box which is a hexahedron in this
enbodi ment, and shaped in a rectangle. The opening 3 is not either limted

| n shape, and mpyghe bnaide; shapSdiisrhcidhd gichs! EhaRL e1udeRi Rl ROI VIO

n,
acircle, an oval,; an ellipse, or the like. The opening 3 is provided with

end pIabgio%Gar@IQggngggaggﬁg%5¥¥§§sgFmegh have an angle a | ess than 90

degrees"with respect to openi n ane 15 of the opening 3 (the angle a

isOinthis e Lept, kL.g. ﬁﬂg | at. 6 i r 1,50, 3 he
openi ng pl ane gg?ggésﬂi?P%ssr%ﬁéiP%l1 7%%d%f%ia %gégﬁ,g?ﬁg s*éé%?%%é{h#a
edges of 2_openLn LS. N t I l.Limted, and end pl ates 16A nmay
be arraﬁgéggpg ?E% g%%%%??egéﬁéggﬁﬁéﬁih%§%¥FVustrated in Fig. 11, or the end
plates 16 be repoved as illustrated.in Eig. 12 verthel ess. the end
pl ates 16 Hgéphgstﬁ% %n%f%ﬁ%.ﬁﬁééf%q%%1v Swdgage gp%fgﬁlr%sgkﬁns %?%ﬁ%{e
openi ng %Iang 15 i.s_preferably arranged for stably generating the
di scont PAuBuSCpPafRi 7 at a1l times with the airflow 5 introduced from the
opening 3 into %ge epclosure 2 an

t

I he airfgﬁgb6tnghin t he en Iogyre 2.
Speci fical ly, 9 nt r 5BUBBCEPRITOWS WS g dner &8 B I BRKPRG AT 9T om the
sucti onRacks <ot bh kst antd Ald ol Y LiodSntRE'of Mhe present
invention;

Fig. 8 is a cross-sectional view for explaining the
principles of the generation of a tornado in the enclosure-based
suction apparatus according to the embodiment of the present
invention shown in Fig. 7;

Fig. 9 is a perspective view showing how a tornado is

generated in the enclosure-based suction apparatus in the



-13 can be readily fornmed between the introduced airflow 5 and the airfl ow
6 within the enclosure 2 which is readily captured by the existence of the
-end plates 16. Therefore, the nost preferable angle a of the end plates 16
with respect to the substantially non-directive introduced airflow 5 is O
with respect to the opening plane 15 (parallel). The shapes illustrated in
Figs. 11, 12 act to create the discontinuous plane 7 when the introduced
airflow5 is in substantially parallet3contact with the a plate face 20 of
t he enclosure 2, or when the introduced airflow 5 cones froma direction

i ndi ct eeémbyd afierdtt rofv the Presedit dAnpkretabnt yhodn vt texes B can be generated
to result in the generation of a tornado t. However, if the introduced
airflow 5 comesrigoma B recidoys-seditiahad byeanfar rexpthidiiey dirseod i nuous
pl ane 7 becomes instable to break the tornado t in the worst case. Thus,
the shapeaté!l dngle adchen dricd®sutb~bhdedhsuttdibe sppadmracs Wierhehe
introduced airflow 5 mainly conmes fromthe direction indicated by the arrow
A at alémbbdtgend NSf Stitd ipyegeon! Sndeateohosnewnt tui omixh, tthe top plate 10 of
the enclosure 2, which is a hexahedron in this enbodi nent, at end | ocations

near the openi nglés ang ME TONIRCeGsk0sacsdBhalvEeWe @dcia suction fan,
not shown. For the enclosure-based suction apparatus 1 according to the

present11?M§B£é€ihg'£hé5%ﬂ¥déﬂd¥@ dwh%h%therpeﬁéﬁiﬂﬁ ineidiQpsReets 4.
Mhen air is sucked from -14 the suction ports 4 provided in the encl osure

, the Faééady&@él@ﬂl lapbdSatdfNerated aheBdikBEt cof PhétHi%e Jdhtofi nvd@taBani Ng

3, resulting In the ge eration of the discontinuous plane 7 and a plurality
of vortegxgsn 1nFP%§ the plurality of vortexes 8 thus generated would
not al ways connect one’ anot her and converge to end up in the generation of
the tornado t. ef 95 e}hfaﬁﬁl@'é}% wotse-éeeteahglb@l@téaéwﬂtﬂ at
positions at mhlc the urality of vortexes 8 generated on

i scont Luaus:RL 2R Thoan N GAUSY ¢ did cbbentXbalathy onl Lok ap ther ol _and

converge fo generafe St e suctlon ports 4

depend QHCEPSﬁQa}BEsé‘a‘dsE%E L{ﬁ] %pg)aq;jatgée 1?1”‘1% Sglltlgogll}tél?ﬁ at S8 enf6

structure O entn resence or sence

and the, hbéﬁt%ﬁﬂdsh$ ﬁslﬁlgré;nyt to generally i dentify the p03|t|ons For
this reasdn 20T oh appar at’'us 1 nust be prototyped for an encl osure

nt ended for t her th.to, make final conf.irmation EQ 5 al
experi ment s as FoRReEREFIY e (Bl %s-csgﬁt&énégn'x%até 8 ARt e
| | ust ed . 1, t h I 1000 600 d
and 550 ﬁ%ﬁﬁra?h%no%€“? P 350 TR SPaLRoERE RSO TGP and ¢ he.
suction _ports as | anet er of 1 0 nn1 the % tlcal dlstance fromthe
openi ng EPQH@W% ?‘E)c?h ”?:%nftcért WREREOREpGPE BEFESND st EF S bl y i n
a range of 125 mm 25_mm and the vertlcal di stance fromthe two side

plates ¥ OWTBleFtﬂe Ehclosure 2 to the center of the suction ports 4 is in
a range of 50 mm.to i 5. mMm Al t hough, a sl.i eviation fromthese

ranges woul d no?lﬁre niSt RPEFIREF TR oK OFQ&%§§I§QFP8@EO% SHF one

anot her _and converging to generate the tornado t, it js often the case that
the resBPEPAgSEEFAIBOAPPREA TR QRQQﬁﬂ}nghGQgﬁnoﬂhﬁér6@b6%%W%R?cﬂﬁf?nﬁh t hese
ranges would result in a failure in connecting the plurality of vortexes 8
in the ®¥eaPngi LB¥eNBAONE0 that the vortex t will not be generated.

Alternatively, the suction ports 4 illustrated in Figs. 7
Fig. 19 is a cross-sectional view for explalnlng the

principles of the generation of a tornado in the enclosure-based
suction apparatus in the embodiment of the present invention shown
in Fig. 18;

Fig. 20 is a perspective view illustrating an enclosure-

based suction apparatus according to another embodiment of the



through 9 may have structures as illustrated in Figs. 13 through 15. A set
of suction ports 40 illustrated in Fig. 13 is conprised of a conbination of
‘a suction port 4a arranged on the top plate 10 of the enclosure 2 and
suction ports 4b arranged on the two side plates 12, 13. A suction port 44
illustrated in Fig. 14 is conprised only of the suction ports 4b
illustrated in Fig. 13. A suction port 44a illustrated in Fig. 15 is
conprised of a suction port 4a on th645bb plate 10 or suction ports 4b on
the two side plates 12, 13, the suction ports 4a, 4b comrunicating with a
suct i onphesentriaveptlidm chanbers 21 defined in corner portions of the
encl osure 2. The suction ports 4, 40, 44, 44a are simlar in function and
substantial |y sFigl a2liis perdmrssrsectdonadl Viewt fehoekpl dinirgd ethe hat t he
suction ports 4, 40, 44, 44a may be applied to the enclosure 2 having the
shape i pkistiples ¢fi theysgenendiriomglofOa &ndnatie suctherempoldsing-basedry in
position and structure when an alternative enclosure 2 having a different
shape i suetpboyappanstwsadin Assurmbooimeanyeolfii ehe epodsexipl amedndort Ishbwhhe
respective conmponents in Figs. 13 through 15 are all nade of -16
transpaienfiguat20j al s. Next, detained description will be nmade on a
mechani sm of the encl osure-based suction apparatus 1 in the foregoing
structure for gengtapzngstéesidy nadw lof amdedclObiod-basedisuctih t he

encl osur e-based suction apparatus 1. First, as a suction fan, not shown, is
oper at edpparatiét cdotdEng e Qfidthes efmbddinedtl soMhdepsamdriton ports 4 to
generate a negative pressure within the enclosure 2, causing an introduced
ai rfl owihveatEonp wié® ideiHpeicipotateamihhe RUERiAg. sdditfor F educed
airflow 5 inpinges on the | eading ends 16a of the end pates 16, causing the
i ntroduggdnahef tewrp to peel off. This peeling results in creation of a
shear layer, in other words, the discontinuous plane 7 in the space, as
illustrated in Fig, 38. il @n,]geﬁ%éﬁi&@mﬂewqq&ualtaaeiﬁg e | éid 1B Surenf
vortexes 8 generated by the leading end 16a of the end plate 16, i.e.,
vortici bysdd bicHibdhu ardtlis dRDHdihg Rot Reel BMABHIAENOfof MY tiPedaiter
25 which appears to be Tfilled wwth an i'nfinity of sequential vortex |ines
on the QB§§BQEBHUQH§WH|EHQFE . Hha vortex layer 25 maintains the state as
illustrated in Fig. 16 as é%g as the space is not disturbed. However, a

space general | ygggcl Ege?.?gé;\( & MYUGHAGAN AGL, BF @h&%{u@idsx?fe-i nst abl e

factors, so tha he“vor ayer I's transfornmed into a l'arge and strong

o genePareCyarereal AR YRR HE BRoBRLRe O SRR G eRent %)
Sdges of WhRtiBanbfavE! 19 ELEN RIS de 1 AR pBEERRER T ol B e,
by the encl osur SuBace Shcti SR Sppivar o et SR8 ERRCe s lad S Goc
the. encPASEre Do T nePhE it U aaR Shc B BBl oF ARSIl

al ong the_peri.pheral edges_exc for l.gwer, ends of the opening 3 of the
encl osurEVanEA i ERRIR b i San A R ED iR 0% RE. CRBERGHOROIERd4 o prevent

t hem from | eaki fr t he_encl psure 2. the . other hand, if strong
airflows is in%ggduggthn?oﬂ?ﬁ%z%ﬁi?%éﬁ%g”QHEV'HF?VUFggﬁéggoﬁg%ide t he
encl osure .2, the introduced airflow 5 i mpinges the inner wall_of the

oncl osuPE isnepbiop it iSerfe ot Mhe’ adLopiee haSabl BREE 68 airatalonr « ne
| eadi ng ends 16a of the end p|ates 16 along the inner walls (back plate 14
side pESEEIAIng 8, thgpcEPatinanh Of tie HHESFR LAVEACEAn I BhRYeril o g -
internal _flow 6a is opposite in direction to the introduced airflow 5
sucked i%#t0 the suction port 4, so that a speed gradient increases on the
di sconti nuous plane 7, resulting in correspondingly stronger vorticity 23
and tornados t generated end plates 16 along the inner walls (backplate 14,
side plates 12,13,top plate 10)as an internal flow 6a. However, the

i nternal flow 6aPEEAEER BEICRIPTIONe OFi FHEt BREFERREP r BMBRIZMENTS hat a speed

gradient asulting in tornados t generated
In the following, the present invention will be described



t hereby. Thus, even with the strong introduced airflow 5, substances
attenpting to go out of the opening 3 of the enclosure 2 are rolled up and
'sucked into the suction ports 4, so that the substances are prevented from
goi ng out of the enclosure 2. It should be noted that the tornados t have
conmon -18 characteristics irrespective of whether they are naturally
generated or artificially generated in any nethod. The characteristics of
the tornados will be described bel ow~11%) Suction Directivity: Aflowrate
is hardly changed even far fromthe suction ports 4. This neans that the

sucti onihage€hiBCin Wdngiitd ieenvathngrade a&éd adfbdditndrites thasrebbrom t he
suction ports 4 can be directly sucked and collected. (2) Flow Rate

Accel erabixhéﬁxyatérc_heixcQfﬁ@rédm\@dngﬁh?suekedn@@d collected in tornado is
converged toward its center and the flowrate is accelerated. This neans

that the contanigaietusdFatterD ke raQlsl.eqt edrvligho] spaddErddigre-bIsed
Flexibility: The core q extends uniformy substantially along the center of

t or nadostict Idnh Sa ddat ardoidiado téaBnbeehbo@] ted©rdedtHiOhrerlyti N the

cross direction but also in the |ongitudinal, diagonal and curved

directi @ffention has an enclosure 2 which encloses a certain space, an
opening formed in the enclosure 2, and one or more suction ports 4
positioned near the opening 3 within the enclosure 2. As air is
sucked from the suction ports 4, an airflow is introduced from the
outside into the opening 3 to generate a discontinuous plane 7
between the introduced airflow 5 and an airflow 6 normally
stagnated within the enclosure 2. A plurality of vortexes 8
generated on the discontinuous plane 7 are connected in the axial
direction thereof and converged to define a position at which a
tornado t can be generated. Eventually, the generated tornado t
can act to highly efficiently suck substances (for example, gas,
floating liquid and solid particles, and the like, without
limitation) possibly existing within the enclosure 2.

In this embodiment, the enclosure 2 may be a rectangular
solid having one open side, comprised of a top plate 10, a bottom
plate 11, both side plates 12, 13 between the top plate 10 and
bottom plate 11, and a back plate 14. It should be noted however
that the enclosure is not particularly limited in shape as long as
it can enclose a certain space, and may be a cube, a cylinder, a
sphere, a polyhedral body or the like. Alternatively, the

enclosure 2 may be defined by an entire room or a portion thereof



(4) Flow Rate Selectability: When a centrifugal force is balanced wth a
centripetal force, a tornado can be generated at a low rate of about 0.5
msec to a high rate of about 20 nisec and this nmeans that dust with a | ow
specific gravity can be sucked and collected. Figs. 18 and 19 illustrate an
encl osur e-based suction apparatus |a according to anot her enbodi nent of the
pr esent -19 invention. The encl osure-based suction apparatus la differs
fromthe enbodinment illustrated in Firge~ 7 through 9 in that an oblique end
plate 30 is attached to a top plate 10a of an enclosure 2a, and the end

pl at es $6rmoendeddwved faten ot thei dekpl at &8 d¢2sendsSa tdfe tedne losolresdr és2a.
Thus, the encl osure-based suction apparatus la is intended to generate a
hori zontaly t vematiced twwarsthreotah fiunetli spaperis waich ey dderatlold gae end
plate 30 in a top portion of the enclosure 2a. This encl osure-based suction
appar at werk aor ato behiagipld gerisona caint aatessa. i nAnhopdm tdiales pefcehiensi de and
outside the enclosure 2a generally includes little disturbance, and

di st ur banckosufe ahyis itherapaningn 3the vertical direction. Since the
remai ni ng structure and actions nmade thereby are simlar to those of the
enbodi nent il | ushe aveehimg B ds pkdvikedgbn9oneosiés pohdiiy monpariedt dsar e
desi gnated the sane reference nunerals in the figures, and description

t her eonai Repahédesh in ghis?@mbdlimentist aAtieshapedClwsuntdiagrdesuctrhen
apparatus 1b according to anot her enbodi nent of the present invention. The
encl osupgeRBRGU3 SLE AR aiRtrallUmiteddihf 8hapé| oahd hfa @B din®MNe shape
illustrated in Figs. 7 through 9 in that an oblique end plate 31 is
attachedrt o sger®f el HAles al12>|%he¥3EoQ?gaﬁ,e£|Cé9§é[[@, Z4h and,the end
plate 16 is renoved froma top plate 10b of the enclosure 2b. Thus, the
encl osugg1bgsey SHCLAOM ARPAr AlHeS o%angaaesaigsﬁﬁoﬁméw%ﬁh idhd A atest i cal
direction toward both suction ports 4b along the two side plates 12b, 13b,

and can,pe e o) sityuation._i. i.ch the_s e inside ,and tside the
-20 encl1§$u$£8ég g%%e?%? ye‘ﬁ?cﬁ'ua’é’sl%ﬁ%ﬁ’s %lns?ﬁgg%n%e,e%%dt P8 tUr bance, i f
any, is mainly in the horizontal direction. Since the remaining structure
and act degsegBdeitheredyedt ecsian lopentingt beaseoistbe emdashariiig i3 |(wsler at ed
in Figs. 7 through 9, correspondi ng conponents are designated the sane
referen raksqé n; fJ : desgri pti,gn ' ' .

Froe. 29 ehtongh 28 1T LBt raraEe AR (e L SR e d R SRt BRI T
accordi ng to anot her enbodi nent of the present invention which is

i ncor poparetileh wivorkhepmstiripplemea 15achaneil dbostrdbed eirc|Risur d-Obased
suction apparatus Ic differs fromthe enbodinent illustrated in Figs. 7

t hr oughHewewetr hathe s$logpelaf el edgesf ofmedewopanangripes matal recess 34
such that a working section 33 of the machine tool 32 can be inserted into
an encl paptécitaflipnl abdvesd, amcerthdipdiaées5 168 nby aodeslrvdogel tie vhecess
34, and a spray nozzle 37 is additionally provided for spraying oil m st

bet weenoppesivee ki hgeSeldn it I3 Jarst ratedt eéhi 8ig3610hi 68 tise rachipled dshamseby.
The spray nozzle 37 is oriented toward a back surface 14 of the encl osure

2c fronmag bpepeRgved ddel Bl thatd® anSwali.on2f anNeReELisdME, itheOR@IE! ed,
a tornado t is generated in the horizontal direction along the end plate 35

as illu dikny, E Zg? egg% I hery dQr ns % S er ' e
verti ca?’tlé?%gc Forﬁgg?%%g %e's %e%gllzﬁs%; % ?lasgroi ?F}gggggt%g{?gr%és& 2t§ 26.
In this state, oil mst is sprayed fromthe spray nozzle 37 to between the
wor ki ngthecbpenii§ phanent®rislpr3Fdarappdiyharrangbdafor Stdiskyupnidnat imke
machi ne tool 32 is operated

the discontinuous plane 7 at all times with the airflow 5

introduced from the opening 3 into the enclosure 2 and the airflow

6 within the enclosure 2. Specifically, the introduced airflow 5

is generated by sucking air from the suction ports 4 with

substantially no directivity, so that the discontinuous plane 7



-21 to work the material 36 with the working section 33. Wiile a portion of
oil mst attaches on the working section 33 and material 36, another
‘portion of oil mst inpinges on the back plate 14 of the enclosure 2c
together with sprayed air, separates in opposite directions, and attenpts
to go out of the enclosure 2c around the side plates 12, 13 fromthe end
pl ates 16. However, the oil mst is captured by the vertical tornados t
generated in both side regions, and sdéked into the suction ports 4. On the
ot her hand, the remaining oil mst attenpts to go out of the enclosure 2c
al ong tdwen tlmp Eadid Yl Forivednbeheeendtheai et B3dduded &isfdapt Gr eddbyhehe
hori zontal tornado t and sucked into the suction port 4. The oil m st
sucked &irfhew sdictitiirpatie éncidosapt P owhidckcihy areadiliyacaptaredr bygbhea
flexi ble hose 38 for recovery. In this event, since the oil mst is
gener al éyispsmye i rae gl paapsn0sdz| eTRIré Pees herhaninids taiprederabhegh rat e
of 50 to 100 nisec, the oil mst is likely to go out of the enclosure 2c
fromth i, n , e Qi L sm.S i l.ative speed
to the TAEREdtss the R Rrages a8 waEhS e dpele, Lyt RS 2 T
enhance the tornado t which strongly captures and sucks substances
at t enpt hog~dbreptioe iovwerodueedaiaifdfdawgénesadedvih tdespgotajontshel e 37, so
t hat such substances are prevented from goi ng out of the encl osure 2c.
Wi | e topesiraypiwrr|ld Ipagieaddled )be oriented generally within an angle (3,
it my be oriented wwthin a wder angle Y when a | arge negative pressure
-22 i s gener at ethei sihapes hid larsdresede idcFdge.t dla larast amponteadde &hef | ow
sucked into the suction ports 4. This increase in angle from~toy is
per mit t étlsbecalseows |Eager nedan tbepisssadecedsadtrflow S ifsi glwer speed of
the introduced airflow 5, so that the airflow generated by the spray nozzle
37 i s dstbstaedialy madeddlelplcantat4. winht hhe aaylavéefadehe Ovaifkithe secti on
33 is covered with the enclosure 2c having the |arge opening 3 so as not to
i nterfeeachosliré &, apendicar tNeo ifmfrofgutatieaithrowmos kaaness efirtorpa 33 of t he
machine tool 32, it is possible to readily and securely recover

direction indicted by an arrow A, so that a plurality of vortexes

8 can be generated to result in the generation of a tornado t.
However, if the introduced airflow 5 comes from a direction
indicated by an arrow B, the discontinuous plane 7 becomes
instable to break the tornado t in the worst case. Thus, the
shapes illustrated in Figs. 11, 12 should be employed when the
introduced airflow 5 mainly comes from the direction indicated by
the arrow A at all times.

The suction ports 4 are formed through the top plate 10 of
the enclosure 2, which is a hexahedron in this embodiment, at end
locations near the opening 3, and are connected to a suction side
of a suction fan, not shown. For the enclosure-based suction
apparatus 1 according to the present invention, it is critical

where to position the suction ports 4. When air is sucked from



oil mst, which is prone to diffusion, not to nention sludge associ ated
with the operation of the working section 33. Since the remaining structure
-and actions nmade thereby are simlar to those of the enbodinent illustrated
in Figs. 7 through 9, correspondi ng conponents are designated the sane
reference nunerals in the figures, and description thereon is omtted. The
encl osur e- based suction apparatus described in connection with the

enbodi nents illustrated in Figs. 7 thlduegh 26 can be used to recover spray
m st generated during a painting process of high technol ogy devices such as
por t abl ehé esepbine Sporid 4 prawdliedoihaghsatrdleslire ITH e diiedueklder than
an application to a hood for recovering oil mst. The contam nated air
sucked hyrtbeigappadiatarsed alldigy ¢heaead pndtescyel ef the sesudiing t3he
contamnated air to an air cleaner. -23 As described above, the

encl osufreshaseflg sttt FRAaAlivh bEStae anstostituddd FEIHeOS RGdaaspace,
an opening forned in the enclosure, and a suction port, at a position at

whi ch aploraadey can hergans d.ed HolvevetoKthel plBea Bl ¢ o ordddaxe@uge an
airflowinto the opening fromthe outside. The introduced airflow interacts

with antpisf eMeratdd Riddil el @aWagst @ohaest aokle SRS NI RHIoRR@rge
therebetween. A plurality of vortexes generated on the discontinuous plane

are conpgcérd up AN e AerlirRGOBt Raeeebraldo CONVefskb ddrengkat e a
t ornado. The tornado is directed to the suction port to capture and suck

product gyt { Bh NpdPes N IR[UE bel MHSandell HEabbs Ve Pbny 4L QA HGHNY ated on
t he di sconti nuous pl ane, which have béen so Tar regarded as a burden, can

be gene %Eﬁli“é ppensiisiad atgfe%%taaabnt EﬁeO&m@mﬁdﬁ@%a@w@r %Iaan of

i dea. F S reason a tornado can be generated w thout using a w de

range Whihifnfe SPAGEL r?}otﬁé)raﬁéﬁly %%ft%ﬁ %héf&SkV“éﬁ%nﬁérNérﬁ’é&% | mpar t

rotating energy, So at a torna O can be generate ined within a

space, XRBrhlo OhECLoraHaY @S %H@%s&mﬂg' ofdnt Neudi e Al aced in

the space ensure a W de capture‘range and a strong capturing force

provi deQFBX &hSntgﬁé‘aQ%’a%% haer{c?bQ(:t Al nu?‘%eotf Eﬁésé%foé&’r eichrr{ED%h%aa%h' y

efficien captur|ng operation Space e enc osure-based suction
appar at us ;na

end pi afBagtseq Lf‘%ﬁ?égge”d LR v%heéétagsﬁgéh% HPRIT s S0 88% 1 om
cor r espBAALRgl §o7 nehdahe ek f'%fgﬁxlﬁtlkﬂglsﬁa AP BO PO e I e
gencr at She BHEr BEEPS: PLAEE Hehey oA v ey BOGRt o sORRT S Teb A g above
s f“rtBEB '”§ES§S?or an enclosure intended for use therewith to make

final confirmation through visual experiments as to whether the

tornado t can be generated.

In the embodiment illustrated in Fig. 7, when the

enclosure 2 is 1000 mm wide, 600 mm deep and 650 mm high, the

opening 3 is 800 mm width and 450 mm high, and the suction ports 4

has a diameter of 100 mm, the vertical distance from the opening

plane 15 to the center of the suction port 4 is most preferably in

a range of 125 mm £ 25 mm, and the vertical distance from the two

side plates 12, 13 of the enclosure 2 to the center of the suction

ports 4 is in a range of 50 mm to 125 mm. Although a slight



The encl osure-based suction apparatus may further include a spray nozzle
positioned near the opening and directed to the inside of the enclosure. As
the spray nozzle is operated for working within the enclosure, an airfl ow
generated by the spray nozzle, once introduced into the enclosure, goes out
fromthe opening along the inner faces of the enclosure, but the airfl ow
hel ps increase the relative speed to the introduced airflow due to the
suction into the suction port to enhande the tornado which strongly
captures and sucks substances that attenpt to go out over the airflow
gener at ddvhbytibe Spormaytinesy |mnges wWoalldsuob pubséatcese gykrugulavwgniofd from
goi ng out of the enclosure. As appreciated, in addition to the foregoing
benefi t yoatekesngefrémramieaandongeaabahed bydt denwerdimy o gandiratepr ay
nozzl e, so that substances within the enclosure can be nore efficiently
sucked Bjet berhaddadp. it LM the ebaemeHatsthd. résuBHid P Wurerdeies ed
suction apparatus conprising: an enclosure for enclosing a space; an

openi ngikohsedst Fos@i shud OSW earded delyibeash oP6mStIEdsONrfifds furad i n
sai d encl osure near said opening, said suction port being positioned to
suck ai peblitteinte £&iiutd odiicRMRcAihG eWel Plarsdi gy apenids-dedmg he
outside, said introduced airflow interacting with an airflow within said

encl osukget 8xi 81 i BrélsLa} i J8I s tpltdRe vbRreeabet WEEN, nék Rhdrdndratela.
vortexes generated on said di scontinuous plane being connected in an axi al

direction therepitapHa€Omey gethd @RI ERrast ar nadestsatéd t o1 nadss bei ng
directed to said suction port to produce a sucking action into said suction

port. 2 _thBBuQHCQOLﬁH? eh HES sk (U@ ARPANaALYsracear dh NBigH. cl RivArbughurt her
conprising an end plate attached to each end of said opening, said end

pl ate hayi ngpageangf esh@ssord 0 4egnaestvhatByr 88PLELY. t 3 &k QRREPG R ane
of said opening. 3. An enclosure-based suction apparatus according to claim

1 or 2, okupt RERLERAPIAS ¥ £ SRIALYeEe 4R0s1hAGEE S nSaldh 9penidng pand

sgftr 85
directed to the inside of said enclosure, salg spray nozzle configured to

oene: 2 B5°FE Epb OAHY A PR AL LR LUe P aELRGLIRSH A B i
plates 12, 13. A suction port 44 illustrated in Fig. 14 is
comprised only of the suction ports 4b illustrated in Fig. 13. A
suction port 44a illustrated in Fig. 15 is comprised of a suction
port 4a on the top plate 10 or suction ports 4b on the two side
plates 12, 13, the suction ports 4a, 4b communicating with a
suction hole arranged in chambers 21 defined in corner portions of
the enclosure 2. The suction ports 4, 40, 44, 44a are similar in
function and substantially similar in performance as well. It
should be noted that the suction ports 4, 40, 44, 44a may be
applied to the enclosure 2 having the shape illustrated in Figs. 7
through 9, and the suction ports will vary in position and
structure when an alternative enclosure 2 having a different shape

is employed instead. Assume for convenience of explanation that

the respective components in Figs. 13 through 15 are all made of



airflow to enhance the plurality of vortexes generated on said

di sconti nuous plane to generate a stronger tornado.

wAe. AY. Al LA AAAAAY.AA A2 AA.AA.AAY AY. A . Ae. A AE A

y. AE. ASS@RtDXY8 9 | n
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]ca] ca]ca] ca] ca]ca] ca]ca]ca] cal 5 66R6666+7_7778F88889=9B9; =M?R?t ?v?d@AB
B&BCCCDE ke nenkc ¥ 3 wed o 18] Gajotdloniappaheataa] tajw atlea | tajexa]ics) cajaakaaecal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! DD E¥E$SFFgHhHI JJK. M N,

NOPPRUWBX CyeleZa § t1\d \YHe joeamiadioZ}t], cahdahcméthdd ad £ altcil icalmplthe] ca] cal ca] ¢
aJca] ca] ca]cal cal]ca]ca] calca]ca] calcalcalcalcalcalcaljcalcal] aa<aTa}aaa
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peeling results in creation of a shear layer, in other words, the
discontinuous plane 7 in the space, as illustrated in Fig. 16.
Along the discontinuous plane 7, an infinity of vortexes 8
generated by the leading end 1l6a of the end plate 16, i.e.,
vorticity 23 is diffused. This results in the formation of a
vortex layer 25 which appears to be filled with an infinity of
sequential vortex lines on the discontinuous plane 7. The vortex
layer 25 maintains the state as illustrated in Fig. 16 as long as
the space is not disturbed. However, a space generally includes
disturbance which can act as a variety of instable factors, so
that the vortex layer 25 is transformed into a large and strong
single spiral vortex 26, which has a concentrated core of the
vorticity 23, to generate vertical and horizontal tornados t

towards the suction ports 4 along the vicinities of the end plates
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16 arranged on the peripheral edges of the opening 3 of the
enclosure 2, as illustrated in Figs. 8, 9.
Then, as described above, the vertical and horizontal
tornados t generatéd by the enclosure-based suction apparatus 1
roll up substances (all of gas, liquid, solid and the like) which
are about to go out of the opening 3 of the enclosure 2, with the
vortex convergence, because the tornados t exist along the
peripheral edges except for lower ends of the opening 3 of the
enclosure 2, and suck such substances into the suction ports 4 to
prevent them from leaking from the enclosure 2. On the other
hand, if a strong airflow 5 is introduced into the enclosure 2 by
disturbance outside the enclosure 2, the introduced airflow 5
impinges the inner wall of the enclosure 2 (for example, the back
plate 14), and attempts to go out of the leading ends 1l6a of the
end plates 16 along the inner walls (back plate 14, side plates
12, 13, top plate 10) as an internal flow 6a. However, the
internal flow 6a is opposite in direction to the introduced
airflow 5 sucked into the suction port 4, so that a speed gradient
increases on the discontinuous plane 7, resulting in
correspondingly stronger vorticity 23 and tornados t generated
thereby. Thus, even with the strong introduced airflow 5,
substances attempting to go out of the opening 3 of the enclosure
2 are rolled up and sucked into the suction ports 4, so that the

substances are prevented from going out of the enclosure 2.

It should be noted that the tornados t have common



iE-'$10@6&f()-3@610@6&T()-!#109&f()-#10@6&f()-z#lO@ﬁ&f()-10@6&T()-$$$$$$%&&
~ = 10! v"109&' ()-"10%v& ()-!3$10%vV& ()-10%v& ()- 10: 10: 10:ys9
10% & ()-& *****+A+uV7 10 y#10%W& ()-- 10%wK ()-10%w& ()- 10MM 10WMM 10WM
&B10%VVE! () - 3&B10%WE’ () - 3A+<, ,,,,-dEuV7 10 y# 10%W ()-F
10908 ()-10%v& ()-3 10%WK' ()- 10%WK' ()-y#10%WK' ()--J-q----9.dEuVv7 10
y#3+$10%&' ()-F ,) 10%E& ()-9' 10%E& ()~13M 10%W. () -, #10%W& ()-F &
1099 ()-9.D.x.../ T dEUV7 10 y#Y
characteristics irrespective of whether they are naturally
generated or artificially generated in any method. The
characteristics of the tornados will be described below.
(1) Suction Directivity:

A flow rate is hardly changed even far from the suction
ports 4. This means that the suction has directivity and
contaminated air and the like far from the suction ports 4 can be
directly sucked and collected.

(2) Flow Rate Accelerability:

The contaminated air sucked and collected in tornado is
converged toward its center and the flow rate is accelerated.

This means that the contaminated air can be collected without
spattering.
(3) Flexibility:

The core g extends uniformly substantially along the
center of tornado t. This means that a tornado can be freely
formed not only in the cross direction but also in the
longitudinal, diagonal and curved directions.

(4) Flow Rate Selectability:

When a centrifugal force is balanced with a centripetal
force, a tornado can be generated at a low rate of about 0.5 m/sec
to a high rate of about 20 m/sec and this means that dust with a
low specific gravity can be sucked and collected.

Figs. 18 and 19 illustrate an enclosure-based suction

apparatus la according to another embodiment of the present
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the embodiment illustrated in Figs. 7 through 9 in that an oblique
end plate 30 is attached to a top plate 10a of an enclosure 2a,
and the end plates 16 are removed from both side plates 12a, 1l3a
of the enclosure 2a. Thus, the enclosure-based suction apparatus
la is intended to generate a horizontal tornado t toward both
suction ports 4a along the oblique end plate 30 in a top portion
of the enclosure 2a. This enclosure-based suction apparatus la
can be applied to a situation in which the space inside and
outside the enclosure 2a generally includes little disturbance,
and disturbance, if any, is mainly in the vertical direction.
Since the remaining structure and actions made thereby are similar
to those of the embodiment illustrated in Figs. 7 through 9,
corresponding components are designated the same reference
numerals in the figures, and description thereon is omitted.

Figs. 20, 21 illustrate an enclosure-based suction
apparatus lb according to another embodiment of the present
invention. The enclosure-based suction apparatus 1lb differs from
the embodiment illustrated in Figs. 7 through 9 in that an oblique
end plate 31 is attached to each of side plates 12b, 13b of an
enclosure 2b, and the end plate 16 is removed from a top plate 10b
of the enclosure 2b. Thus, the enclosure-based suction apparatus
lb generates a tornado t in the vertical direction toward both
suction ports 4b along the two side plates 12b, 13b, and can be

applied to a situation in which the space inside and outside the
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disturbance, if any, is mainly in the horizontal direction. Since
the remaining structure and actions made thereby are similar to
those of the embodiment illustrated in Figs. 7 through 9,
corresponding components are designated the same reference
numerals in the figures, and description thereon is omitted.

Figs. 22 through 26 illustrate an enclosure-based suction
apparatus lc according to another embodiment of the present
invention which is incorporated in a working section of a machine
tool. The enclosure-based suction apparatus lc differs from the
embodiment illustrated in Figs. 7 through 9 in that a top plate
10c is formed with a trapezoidal recess 34 such that a working
section 33 of the machine tool 32 can be inserted into an
enclosure 2c from above, an end plate 35 is attached along the
recess 34, and a spray nozzle 37 is additionally provided for
spraying oil mist between the working section 33 and a material 36
which is machined thereby. The spray nozzle 37 is oriented toward
a back surface 14 of the enclosure 2c¢c from an opening 3.
Therefore, as a suction fan, not shown, is operated, a tornado t
is generated in the horizontal direction along the end plate 35 as
illustrated in Fig. 24, and other tornados t are generated in the
vertical direction along the side plates 16 as illustrated in
Figs. 25, 26. In this state, oil mist is sprayed from the spray

nozzle 37 to between the working section 33 and material 36

together with air. Subsequently, the machine tool 32 is operated
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to work the material 36 with the working section 33. While a
portion of oil mist attaches on the working section 33 and
material 36, another portion of oil mist impinges on the back
plate 14 of the enclosure 2c together with sprayed air, separates
in opposite directions, and attempts to go out of the enclosure 2c¢
around the side plates 12, 13 from the end plates 16. However,
the oil mist is captured by the vertical tornados t generated in
both side regions, and sucked into the suction ports 4. On the
other hand, the remaining oil mist attempts to go out of the
enclosure 2c¢ along the top plate 10c from the end plate 35, but is
captured by the horizontal tornado t and sucked into the suction
port 4. The o0il mist sucked by the suction port 4 is sent to a
recovering machine through a flexible hose 38 for recovery.

In this event, since the o0il mist is generally sprayed

from the spray nozzle 37 together with air at a high rate of 50 to
100 m/sec, the oil mist is likely to go out of the enclosure 2c
from the opening 3. However, the oil mist helps increase the
relative speed to the introduced airflow 5 due to the suction into
the suction ports 4 to enhance the tornado t which strongly
captures and sucks substances attempting to go out over the

airflow generated by the spray nozzle 37, so that such substances

are prevented from going out of the enclosure 2c. While the spray

nozzle 37 should be oriented generally within an angle {3, it may

be oriented within a wider angle y when a large negative pressure
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is generated within the enclosure 2c¢ due to a large amount of

airflow sucked into the suction ports 4. This increase in angle

from B to y is permitted because a larger negative pressure

results in a higher speed of the introduced airflow 5, so that the

airflow generated by the spray nozzle 37 is deflected to the back

plate 14.

In this way, when the working section 33 is covered with

the enclosure 2c¢ having the large opening 3 so as not to interfere

with the operator who manipulates the working section 33 of the

machine tool 32, it is possible to readily and securely recover

0il mist, which is prone to diffusion, not to mention sludge

associated with the operation of the working section 33. Since

the remaining structure and actions made thereby are similar to

those of the embodiment illustrated in Figs. 7 through 9,

corresponding components are designated the same reference

numerals in the figures, and description thereon is omitted.

The enclosure-based suction apparatus described in

connection with the embodiments illustrated in Figs. 7 through 26

can be used to recover spray mist generated during a painting

process of high technology devices such as portable telephones,

and to suck contaminated air such as smoke, other than an

application to a hood for recovering oil mist. The contaminated

air sucked by the apparatus can be cleaned and recycled by sending

the contaminated air to an air cleaner.
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As described above, the enclosure-based suction apparatus
has an enclosure for enclosing a space, an opening formed in the
enclosure, and a suction port, at a position at which a tornado
can be generated, to suck air thereinto to introduce an airflow
into the opening from the outside. The introduced airflow
interacts with an airflow within the enclosure to form a
discontinuous plane therebetween. A plurality of vortexes
generated on the discontinuous plane are connected in an axial
direction thereof and converged to generate a tornado. The
tornado is directed to the suction port to capture and suck
products within the enclosure. Thus, a plurality of vortexes
generated on the discontinuous plane, which have been so far
regarded as a burden, can be generated as a beneficial tornado
near the opening, through diversion of idea. For this reason, a
tornado can be generated without using a wide range within a space
to forcedly generate a revolving airflow to impart rotating
energy, so that a tornado can be generated and maintained within a
space, even if objects such as a machine tool and the like are
placed in the space, to ensure a wide capture range and a strong
capturing force provided by the tornado, thereby making it
possible to perform a highly efficient capturing operation within
the space.

The enclosure-based suction apparatus may include an end
plate attached to each end of the opening. The end plate acts to

increase the relative speed of an airflow introduced from the
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opening to the air flow existing in the enclosure to
correspondingly increase the energy of the plurality of vortexes
generated on the discontinuous plane, so that a correspondingly
stronger tornado is generated. Therefore, the benefit of the
present invention described above is further increased.

The enclosure-based suction apparatus may further include

a spray nozzle positioned near the opening and directed to the
inside of the enclosure. As the spray nozzle is operated for
working within the enclosure, an airflow generated by the spray
nozzle, once introduced into the enclosure, goes out from the
opening along the inner faces of the enclosure, but the airflow
helps increase the relative speed to the introduced airflow due to
the suction into the suction port to enhance the tornado which
strongly captures and sucks substances that attempt to go out over
the airflow generated by the spray nozzle, so that such substances
are prevented from going out of the enclosure. As appreciated, in
addition to the foregoing benefit, a stronger tornado can be
generated by the airflow from the spray nozzle, so that substances

within the enclosure can be more efficiently sucked by the

tornado.
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What is claimed is:

1. An enclosure-based suction apparatus comprising:

an enclosure for enclosing a space;

an opening formed in said enclosure; and

at least one suction port formed in said enclosure near
said opening, said suction port being positioned to suck air
thereinto to introduce an airflow into said opening from the
outside, said introduced airflow interacting with an airflow
within said enclosure to form a discontinuous plane therebetween,
a plurality of vortexes generated on said discontinuous plane
being connected in an axial direction thereof and converged to
generate a tornado, said tornado being directed to said suction

port to produce a sucking action into said suction port.

2. An enclosure-based suction apparatus according to claim 1,
further comprising an end plate attached to each end of said
opening, said end plate having an angle less than 90 degrees with

respect to an opening plane of said opening.

3. An enclosure-based suction apparatus according to claim 1
or 2, further comprising a spray nozzle positioned near said
opening and directed to the inside of said enclosure, said spray
nozzle configured to generate an air flow to increase a relative

speed between the air flow generated thereby and the introduced
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discontinuous plane to generate a stronger tornado.



