SPECI FI CATI ON TI TLE OF THE INVE&%#EQ 00 £378-4
APPARATUS FOR CGENERATI NG M NUTE GAS FOAMS 5 = 4UAER000
SELF- SUCTI ON BACKGROUND OF THE | NVENTI ON volcoviel d
of the invention: This i APETIFNLCATION generally to an appar at us
for 10 generating mnute gas foans under self-suction. Mor e
particularly, it relates to a self-suction type foam generati ng
apparatus wherein gas is sucked through a supply duct under negative
pressure generated by rotatiBRTSE DF THEIINVENBRIOMN vi ded into minute
foams for effective 15 gas-liquid contact. 2. Description of the
Rel ated Art: APPARRATESaFOR yPENERATING MIEITHf GRGarAQAMSr ators. A
first one is a pressure-feed type foam generator wherein gas is fed
under Positive pressure from oUNSERe, SEEF-BUCHION osed in

JP- A-56(1981)-133018 for exanple. A second one is a self-suction type
f oam generator wherein gas is sucked in under negative pressure
generated by rotation of a rotor disposed inside, as disclosed in

JP- A- 61(1986) - 35932EASKSEHPND, OFHRJLH PRSI T dQlpenerators 25 nmay
be advantageously utilized for cleaning exhaust gas (e.g. exhaust gas
froma sed?coﬁ&ﬁ@#%roﬁaﬁhﬁadﬂUVﬁﬁglonJ apparatus) by contact with an

absorbent liquid, (e,g. i
This invention relates generally to an apparatus for

®
SIS O

10 generating minute gas foams under self-suction. More
particularly, it relates to a self-suction type foam
generating apparatus wherein gas is sucked through a supply
duct under negative pressure generated by rotation of a
rotor, and divided into minute foams for effective

15 gas-liquid contact.

2. Description of the Related Art:

There are typically two types of foam generators. A
first one is a pressure-feed type foam generator wherein
gas is fed under positive pressure from outside, as

20 disclosed in JP-A-56(1981)-133018 for example. A second
one is a self-suction type foam generator wherein gas is
sucked in under negative pressure generated by rotation
of a rotor disposed inside, as disclosed in JP-A-
61(1986)-35932 for example. Both types of foamgenerators

25 may be advantageously utilized for cleaning exhaust gas
(e.g. exhaust gas from a semiconductor manufacturing

apparatus) by contact with an absorbent ligquid (e.g.



1 wat er) Specifically, the pressure-feed type foam
gener at or di sclosed in JP-A-56(1981)-133018 conprises a liquid

contai ner for acconmopdati ng an absorbent liquid, a rotor 5 imersed in the
|l iquid, awmdtarjupply neans connected to the rotor for supplying gas
into the rotor. The rotor is downwar dl y open and upwardly cl osed. The
supply nmeans Speciifnictatiéy,a thei pgeamuxhnepfessliri yprg frosansg snelr aso A
punp. The gas supplied into the rotor exits out fromthe | ower 10
open end dfisilimseforinwiEr elpsid (18 has 133 @l 8i dedmpnticses  ar uiteeuf dans
by the rotation of the rotor. On the other hand, the self-suction
type foantgeteriater for adicsomimsddtiimg Rd\-£Hh6098En B85PBQudidnpra sestar
liquid cont ai ner for accommopdating a liquid, a supply duct 15

parti & | yimmesrsed in thee |1 fgird dandmdvang upploywmardlsy conneoperd end f or
supplying a gas, a rotor disposed in the liquid in facing relation to
t he open the obtide feppsybpdvdund ,gas inéndtaedriotomeanThfeorraréoyihg t he
rotor. The rotor i ncl udes an upwardly cl osed cylinder having an
upper wal Gowaandlyi dorfen madvupwarglly atlbgeat. r atha Isuprigndiegnsanes.
The cylinder also has a circunferential wall fornmed with a plurality
of verti cahkyl wkeemlipigpindgasd aWWerstsherizing neems sulrh e dhyune. dri ve
neans to rotate, a radial flow is generated in the clearance between

t he rotorThedgese s@Bp ldgshlintdocthe Swdira eadital diowremukhs ilower
generation of a negative pressure which sucks the gas through the
suppli3® opegusnd ThE ghe ritPsuckberienrenshbe gesliis dddvhgdeadento

minute foams by the rotation of the rotor.
On the other hand, the self-suction type foam generator

disclosed in JP-A-61(1986)-35932 comprises a 1liquid

w,

container for accommodating a liquid, a supply duct
15 partially immersed in the liguid and having a downwardly
open end for supplving a gas, a rotor disposed in the liquid
in facing relation to the open end of the supplying duct,
and a drive means for driving the rotor. The rotor
includes an upwardly closed cylinder having an upper wall
20 or lid formedwith aplurality of radially extending vanes.
The cylinder also has a circumferential wall formed with
a plurality of vertically extending ridges. When the
rotor is driven by the drive means to rotate, a radial flow
is generated in the clearance between the rotor and the
25 supply duct. Such a radial flow results in generation of
a negative pressure which sucks the gas through the supply

duct. The gas thus sucked is crushed or divided by the



2 rotating vanes and ridges into m nute foans before

di spersing the gas into the Iiquid. The sel f-suction type foam
generator is superior to the pressure-feed type foam generator in that
it requi restakimpnesaséer paassuriiziggst hengas, mémiwcthenyf eanmlst beatsied

cost and added consunption of energy in addition to the need for

separ at e displearsimeg. tHdoveeaer intthe theavardtqwbal sel f-suction type foam
generator has been found to be still di sadvant ageous for the foll ow ng

reasons. 10 The AzIpfesuctsion dgperifiedin ganragatove igr eSspeeiors to
generated in the clearance between the rotor and the supply duct .

However, thkepredmuidertradryde thwanl @ganaerctos in thatriettyggtdfreed, it
i s not possible to obtain an appropri ate degree of negative pressure
as redui red fieanslboredfestiuvedl z/1i g ci e g aowwi heh gesy tdesoubb irhe &lgpl vy
duct . This is partly due to the fact that conplicated flows

actual |y take Emdeaddeidche atsanatdeomecfiusadhey| iguadiditionusio atier
radially inward into the cl earance before flow ng radially outward.

I n practineecafsul sablagr aegmeel n 26nan aegat Hoergpres s urtee mayn benshitcai aikd
only if the clearance Is adjusted to fall in tolerance of 0.5mmfrom
a pr sdétfersmatdovaktype Foam gesarmason hasibgéndbgued b be still
precision is called for with respect to production of conponent s and
assenbl y dhemebfanthoaoueshibtrs the afldéd owbngoskeasons.

10 As previously described, a negative pressure 1is
generated in the clearance between the rotor and the supply
duct. However, unless the dimension of the clearance is
strictly defined, it 1is not possible to obtain an
appropriate degree of negative pressure as required for

15 effectively sucking down the gas through the supply duct.
This is partly due to the fact that complicated flows
actually take place in the clearance because the liguid
must enter radially inward into the clearance before
flowing radially outward. In practice, a suitable degree

20 of negative pressure may be obtained only if the clearance
is adjusted to fall in tolerance of = 0.5mm from a
predetermined value. For this reason, a high degree of
precision is called for with respect to production of

components and assembly thereof, which results in added

25 cost.



3 SUMVARY OF THE | NVENTI ON It is,
therefore, an object of the present invention to provide a

sel f-suction type foam generati ng appar at us whi ch can be assenbl ed

wi thout strict positional a3 : MPEN ooy a rotor and a supply
duct while providing st abl e formatlon of m nut e gas foans.

According to the psesehlerafenti,omn tdlefecits o Atidlgfresentan mpeatdtgss for
generating m nute gas foans under sel f-suction conpri si ng a

liquid cootarnernde foorsellf- sactnimdaypeg fadn grétleratiupplapsaehtus
partially imrersed in the liquid and having a downwardly open end for
suppl yi ng whichacgasbeaasstemb Hedposetiout tster 1 ¢ qub dsiiit fdacd Doa ¢ eliglicgn

to the open end of the supplying duct and driven to rotate for sucking
the ga$ andifbrrdisgErsiing 4 heogas anid a Baipdby dugt dhasl enipwide iBdans,
and a drive neans for driving the rotor, characterized that the rotor
i ncl udes asbabie & ormathard onf cyliindes ghischEosmepen at | east upwardly and
surrounds the boss, and a plurality of vanes extending radially in the
hol | ow cyl i ndexcco28ing ter efles gl s entthd rhod h bwoey,| ithtere nby eovaeedot h
upwardly and downwardly for allow ng upward passage of the l'iquid

t hrough t henr capparscudatfdhe genenrateinfoanmd ntere gas bef oambor nind et xed
with or dispersed into the |iquid. Preferably, the hollow cylinder
may have aseéifrfsarat hgn comprising a ligquid container for

10 accommodating a liquid, a supply duct partially immersed
in the liquid and having a downwardly open end for supplying
a gas, a rotor disposed in the liquid in facing relation
to the open end of the supplying duct and driven to rotate
for sucking the gas and for dispersing the gas into the

15 1ligquid as minute foams, and a drive means for driving the
rotor, characterized that the rotor includes a boss, a
hollow cylinder which is open at least upwardly and
surrounds the boss, and a plurality of wvanes extending
radially in the hollow cylinder.

20 Preferably, the hollow cylinder may be open both
upwardly and downwardly for allowing upward passage of the
liqguid through the rotor, so that the generated foams can
be uniformly mixed with or dispersed into the liquid.

Preferably, the hollow cylinder may have a reinforcing

25 Dbottom wall which is formed with a plurality of openings.

Further, each of the vanes may have a radially inner edge

connected to the boss, and a radially outer edge connected



25 bottomwall which is formed with a plurality of openings. Furt her,
each of the vanes may have a radially inner edge connected to the
boss, and a radially outer edge connected

4 to thet lteo hbbivow ylyindder.. I n one enbodi nent of the
present invention, each of the vanes is contained in a vertical plane
passi ng throuh ome emlsefdimentavifsthle phegeai Orinvéntiord N e REF the
enbodi ment "of the present invention, each vane is inclined relative to
a verti carapkand spassingined tihr cughentdertlr a1l @axespal stiey rioh®buigh a
manner such that an upper edge of the vane is ahead of a | ower edge of
t he vaertwialh axspeotf tthéheotatmti onal direction of the rotor. 10 1In
this case, the angle of inclination of each vane shoul d be preferably
no noBe than Wh[anokther embodiMwnippef eHgepofesarh vavemmyohe Elawdh with
an upper edge of the hollow cylinder. Alternatively, the upper

edge of eaghevane nmyc lprmedctrdieybhdeantoappervedgd oafl t h@ankb phslsliony
cylinder. The drive neans may be di sposed under the liquid

cont ai nerthAbtugrmat iceh yraflhexdrs \ef neaasr obplre idi sposether suabotdathe

| i qui d cont ai ner. O her objects, features and advantages of the
present &0 uppent iscigai ¢f bbeonerappiss embebdomft ke lfaweéowedge of the
description of the preferred enbodi nent given with reference to the
acconpanyvagedvawhngsspect to the rotational direction of the rotor.

10 In this case, the angle of inclination of each vane should
be preferably no more than 45°

An upper edge of each vane may be flush with an upper
edge of the hollow cylinder. Alternatively, the upper
edge of each vane may project bevond an upper edge of the

15 hollow cylinder.

The drive means may be disposed under the liguid
container. Alternatively, the drive means may be disposed
above the liguid container.

Other objects, features and advantages of the present

20 invention will Ybecome apparent from the following
description of the preferred embodiment given with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a schematic view showing a self-suction type
foam generating apparatus embodying the present

invention.



BRI EF DESCRTPTTON OF THE DRAW NGS 25 Fig. 1 is a schematic view
showi ng a sel f-suction type foam generating apparatus enbodyi ng
the present i nvention. )
Fig. 2a is a pign Rieewsskow Imn aniewasploy bhigr ahoextample ®E kbeampaat ed
in the foam generating appar at us. Fig. 2b is a sectional view of
t he rot orbshawmtarpficgted in2she Sfoam EiepeBatisnga gpmaraitere show ng
anot her exanpl e of rotor to be incorporated in the foam generating
appar at us. Fig. 2B gs 3bsestdcraii vigw vifewhd ndieor ot bpwshdwn Fiirg Fi g.
3a. Fig. 4a is a graph show ng the performance of the rotor 10
shown in Fags. 2a and 2b with respect to nmaxi mum suction force.
Fig. 4b is a graph showing the perfornmance of the rotor shown in Figs.
2a and 2b wi tRigespecista flamtwhewossovfing anatiteroaxhmpdes oflFotorFig.
S5a is a graph show ng the performance of the rotor shown in Figs. 3a
and 3b wi th kespescoreanstedmisudihenfoam dgenexating appafEatusb is a
graph showi ng the performance of the rotor shown in Figs. 3a and 3b
with respect Fagf.l 3& dat possadfionglsudEew e ff ditce. rotor showr ¢n Fis. a
front view show ng a conventional rotor.

3a.

Fig. 4a is a graph showing the performance of the rotor

10 shown in Figs. 2a and 2b with respect to maximum suction
force.

Fig. 4b is a graph showing the performance of the rotor
shown in Figs. 2a and 2b with respect to fluctuations of
suction force.

15 Fig. 5a is a graph showing the performance of the rotor
shown in Figs. 3a and 3b with respect to maximum suction
force.

Fig. 5b is a graph showing the performance of the rotor
shown in Figs. 3a and 3b with respect to fluctuations of

20 suction force.

Fig. 6 is a front view showing a conventional rotor.

Fig. 7a is a graph showing the performance of the
conventional rotor with respect to maximum suction force.

Fig. 7b is a graph showing the performance of the

25 conventional rotor with respect to fluctuations of suction

force.



Fig. 7a is a graph show ng the performance of the conventional rotor
W th respect to maxi mum suction force. Fig. 7b is a graph show ng
the performance of the 25 <conventional rotor with respect to fluctuations
of suction DETADLEPR. DESCRIPTION OF THE PREFERRED EMBODAMENTS

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ' The preferred
enbodi nent s offhiehprefesentédienkeotiioenit ¢ lof thdprepenit icatdyt deacwi bad
with reference to the acconpanyi ng drawi ngs. 5 Referring first to
Figs. 1, ba andp2lkriofithelgravegeribed aweth-sudfenenyye faam the
generating apparatus generally represented by reference nuneral 1 may
be utilizeddampanyinendrawd wes nf ul gaseous substances from exhaust gas G
of a sem conduct or nmanufacturing apparatus (not shown) . The 10 foam
generadi ng appafdtsihgchidpratsass Figsui i, chatahdeb of tRewdrawirsgs,
upwardly closed by a lid plate 9. The contai ner 2 accommodates a

sui tabl e lai gue Uf Lsukypiaal typwatferam f@enerat abgoabpry 4 tres hgenfarta Dageous
substances fromthe exhaust gas G supplied as mnute foans, as

descri bed repeenahtterd b¢5refexréndeplmimefails pemeyr dteduby 1d zappEyprduct
3ina vertically suspending state. The supply duct 3 is

parti al | y vemevsad harntful igrsdousasdibdmsanregpdrdmwerhaust gad €. oThe
supply duct 3 also has an upper inlet 8 for entry of the exhaust gas

G The | iadspdteo®dus tpmomegedfacturing apparatus (not shown). The

10 foam generating apparatus 1 comprises a liguid container
2 which is upwardly closed by a 1id plate 9. The container
2 accommodates a suitable liquid L, typically water, for
absorbing the harmful gaseous substances from the exhaust
gas G supplied as minute foams, as described hereinafter.

15 The 1id plate 9 is penetrated by a supply duct 3 in a
vertically suspending state. The supply duct 3 is
partially immersed in the liquid L and has an open lower
end 4. The supply duct 3 also has an upper inlet 8 for
entry of the exhaust gas G. The 1lid plate 9 is provided

20 with an outlet 10 for discharging the exhaust gas G after
removal of the harmful substances. Though not shown, the
container 2 may be provided with means for supplementing
or circulating the liquid L.

The container 2 has a bottomwall 2a which is penetrated

25 by a vertical drive shaft 6 of a motor M via a known seal

device 7. The drive shaft 6 carries a rotor 5 inside the

container 2 in alignment with the supply duct 3. The rotor



20 with an outlet 10 for di schargi ng the exhaust gas G after renmova
of the harnful substances. Though not shown, the container 2 may be
provi ded with neans for suppl enenting or circulating the liquid L.

The contas ngac2dhash@ bewkemopdh adwal Jf itheesebpatyediudd 3byiaweqtical
drive shaft 6 of a notor Mvia a known seal device 7. The drive shaft

6 carriespfefRitdrihed deléfeance . COMMY NESLxl B aisga&anieﬂw bl tdiee
supply duct 3. The rotor

faces thembewer MOPSrSPgtéd £f o RSPy 1dWad 032 WOl 2pm forpéﬁaﬁltpﬁlré” ned
cl earance. The rotor 5 is driven by the notor Mto rotate at a speed

of 1,000~2, 00R1 tpff i ¢¥aRp! &he rotor%tﬁépatﬂé/eaflvte&e BPtar me tBy be
driven by a notor 5 which is |located by the d plate 9. In this case, the

not or shaswBidH Vies Shath texd afli Baedadep datthy augh thethis sapply et 3.
As shown in Figs. 2a and 2b, the rotor 5 includes a central boss 21

for fittimgter thesdai \Er shaf sha Bf bhRe endinfotqywlMr&EEg tHRoughd endol | ow
cylinder 22 concentrically surroundi ng the central boss 21. A

pluralitysgppaagnegudd 3. extend radially within the cylinder 22 at an
upper portion t hereof at an equal angul ar spacing. Specifically, each

of the vanes 23 kasmwnragdi @lilgs | npar serdl ZeNnetedrd @oith® ikbcTadldsala boss
21, and a radially outer end connected to the cylinder 22, thereby

connect i ngehetvicerobbe Rasst@d 8adting bhe ttd iddere23halte ausiFerciod the
vanes 23 may be 3-8 for exanple. |In this enbodinent, each of the
vanes (3 métor M (Fig. 1), and a hollow cylinder 22 concentrically
surrounding the central boss 21. A plurality of vanes 23
extend radially within the cylinder 22 at an upper portion
thereof at an equal angular spacing. Specifically, each
of the vanes 23 has a radially inner end connected to the
15 central boss 21, and a radially outer end connected to the
cylinder 22, thereby connecting between the boss 21 and
the cylinder 22. The number of the vanes 23 may be 3~8
for example. In this embodiment, each of the vanes 23 is
contained in a vertical plane passing through the central

20 axis 25 of the rotor 5.

The bottom of the rotor 5 is providedwith a reinforcing
disk 24 which connects between the boss 21 and the cylinder
22. The disk 24 is formed with a plurality of openings
26 for allowing upward passage of the liquid L (see Fig.
25 1) through the hollow cylinder 22 (i.e., through the rotor

5).



¥

contained in a vertical pl ane passing through the central 20 axis 25 of

the rotor 5. The bottomof the rotor 5is provided with a
rei nforcing di sk 24 which connects between the boss 21 and the
cyl i nder 2. oféradisn 24he fotardSwihkoargd v bliingy téfe glanragsty

26 for allow ng upward passage of the liquid L (see Fig. 25 1) through
the hol | ow £ ywameer222rbitad.es tadir duighhtspeerdt 6o work ®s a centrifugal
8 In operation, the rotor 5 incorporating the plurality
of vanes Z3umpt fibes gendirgh isperan radierlklysontemmdifigal betweeanp ther
generating a radially outward fl ow between the supply duct 3 and the
rotor 5. sSuphly daditaB &hdwthesulator % . i nSaghr essadd alk dl wegasiitée s
pressure) which causes the exhaust gas G to be sucked down through the
suppl y5ducin a pr@sshite daws nin¢betlivpipressads) subkett yrubhesughe he
hol | ow cyl i nder 22 of the rotor 5. Therefore, the exhaust gas G and
t he |iqui cexhélbew tgmetGetor i adhgkedt wirwn thrdathethet sampbpl duduct 3
and the rotor 5 while mxing with each other. At this tine, further,
t he exhausi whs$l€ icmusingshbar dd guidol trousied bykelde upartdsr @8ghottéte ng
at high speed and/or by the vortices generated at the rear side
of the varesl2dw aylandsuldl ahéhsxraiserdas Grherdifivred tii8 exhausth nute
foans before dispersing into the body of the liquid L wherein the
harnful gasesu$ samét &lvesldanialinéd £low together radially outward
10 Dbetween the supply duct 3 and the rotor 5 while mixing with
each other. At this time, further, the exhaust gas G is
sheared and/or crushed by the vanes 23 rotating at high
speed and/or by the vortices generated at the rear side
of the vanes 23. As a result, the exhaust gas G is divided
15 into minute foams before dispersing into the body of the
liquid L wherein the harmful gaseous substances contained
in the exhaust gas G (the minute foams thereof) are removed
by absorption into the ligquid L.
Figs. 3a and 3b show another embodiment of rotor 5.
20 As shown, the rotor 5 of this embodiment is similar to the
one shown in Figs. 2a and 2b but differs therefrom only
in that each of the vanes 23 is inclined relative to a
vertical plane containing the central axis 25 of the rotor
5. The orientation of the vane inclination is such that
25 the upper edge of the vane 23 is located ahead of the lower

edge with respect to the rotational direction X of the rotor

5. The angle of the vane inclination may be preferably



in the exhaust gas G (the mnute foans thereof) are renoved by
absorption into the liquid L. Figs. 3a and 3b show anot her

enbodi ment of rotor 5. 20 As shown, the rotor 5 of this enbodinent is
simlar t@othere th&Ae 43%0WR d°n i g6he2d 1aN¢s R AW g dihbhews dieg ¢f rom only
in that each of the vanes 23 is inclined relative to a vertical plane
cont ai ni ng thgheantotktad s tibe ot be 5 WWEks up Bhe ThEgahident ehiren the
vane inclination is such that 25 the upper edge of the vane 23 is |ocated
ahead of the heMow cylgdgerwkkhduespect heogkhe ¥t abhosal a dh&gatiiqre X of

the rotor 5. The angle of the vane inclination may be preferably
9 preB@ums ebkhRare4b[ ehe] (BOPEYT dudtt Be ard usheatrett €AbEJI gt )
When rotated, the rotor 5 sucks up the liquid L through t he hol | ow

cylingder et uolirhdegencilbéton tfowetiegat iive too mpicessSli ¢ubat wedrs t he
supply duct 3 and the rotor 5, as 5 previously described. However, if too
much |iqusdckdd up pessusket tpmeer thiid mMayehihblesr fhe Riuweinghdown
sucki ng- down of the exhaust gas G through the supply duct 3. Thus, it

i S necessa@fythe adiH#listhgasnputhrofudh atthd sup® e Buekedl, Thuyd tit ough
the hollow cylinder 22 to such a degree that 10 a suitable anmount of

exhaust gfs fecasdry|tbeadtfiaked tth@vamounpes £ ubl utiidre. tbnbet sak kwad ds,
it is critically inportant to prevent the sucking-up of the liquid L
from wpedtrd wghnghev arol hews ugKli ingd dew? 20ft ¢ heuekhausteg@raeGtrhat

| ndeed, there are various ways for realizing this. One 15 way is to
propard y awstahd ¢ hencimenst awhang thngilzeG 0&n still be sucked down
per unit time. In other words, it is critically important
to prevent the sucking-up of the 1liguid L from
predominating over the sucking-down of the exhaust gas G.
Indeed, there are various ways for realizing this. One
15 way is to properly adjusting the dimensions and number of
the wvanes 23. Another way 1is to properly adjust the
configuration of the vanes 23 including the inclination
thereof.

According to the embodiment shown in Figs. 3a and 3b,
20 each of the vanes 23 is inclined to suitably limit the
sucking-up of the liquid L though it still allows partial
sucking-up of the ligquid L. Thus, the exhaust gas G
continues to be appropriately sucked down through the
supply duct 3 for mixture with and dispersion into the

25 sucked-up portion of the liquid L.
In either of the embodiments shown in Figs. 2a, 2b,

3a and 3b, each of the vanes 23 has an upper edge which

10



the vanes 23. Another way is to properly adjust the configuration of
the vanes 23 including the inclination t her eof . According to
t he enmbodi nent shown in Figs. 3a and 3b, 20 each of the vanes 23 is
inclined tig sfitabl wilimwi theh@pper sdgki rof uphef hidel dvwr qoiyd ilndépugh it
still allows partial sucking-up of the liquid L. Thus, the exhaust
gas G Hewat eyeshouppeappdgerr o Atth ¢ valitk @B flawns L Agdidhy tdereats
supply duct 3 for mxture with and dispersion into the 25 sucked-up
portion ofbdhew! igi drlocjects abote ahdenunpdetrhedydodifrenhe SHOWM oW

Figs. 2a, 2b, 3a and 3b, each of the vanes 23 has an upper edge which
10 cylifdelruol? wid Ndhg appehecdgm®f23 heshbbbaweryld thdeti @Bper
However, the upper edge of the vane 23 may slightly retreats bel ow or

proj ects awveibhe dppeheeddd af 5hénheldder forcWHedestdz & tongoak t he
vane 23 is located at an upper 5 portion of the rotor 5 in order for the

rotor 5 t s lkcentridugalaninpfugalf pmhg.vahé 2Repyarfedcids piopeet shabove
t he upper edge of the cylinder 22, the punping function of the

rotor 5 i uEpbaneédde of the chlrider 22, abjeoputipd Herirgot td cenbdd L kent s
the 10 height of the hollow cylinder 22 may be 0.2~2.0 tines,
preferabl yw®dtérls2 id meaharcedli aneter. The hei ght of each vane 23 may
be preferably 0.1~0.8 tinmes the height of the hollow cylinder 22. The
di aneter of tlmuhdhkaw in any of the foregoing embodiments, the
10 height of the hollow cylinder 22 may be 0.2~2.0 times,
preferably 0.4~1.2 times, its diameter. The height of
each vane 23 may be preferably 0.1~0.8 times the height
of the hollow cylinder 22. The diameter of the hollow
cylinder 22 maybe 0.3~3.0 times, preferably 1.0~3.0 times,
15 the diameter of the supply duct 3 at its lower open end
4. In the case where the hollow cylinder 22 is
diametrically larger than the supply duct 3, the lower open
end 4 of the supply duct 3 may be preferably flanged, as
shown in Fig. 1.
20 The rotor 5 may be made of any suitable material such
as a metal or a resin. In view of chemical resistance and
ease of forming, the rotor 5 may be preferably made of a
resin material such as polyvinyl chloride, polyethylene
or polypropylene.
25 Next, actual examples of the present invention will

be described together with comparative examples (referred

to as “Comparison”).

11



cylinder22 may be 0.3~3.0 times, preferably 1.0~3.0 tinmes, 15 the

di aneter of the supply duct 3 at its | ower open end 4, In the case
where the hollow cylinder 22 is dianetrically larger than the
supply dutEx3mpile 1pwer open end 4 of the supply duct 3 nay be
preferably flanged, as shown in Fig. 1. 20 The rotor 5 may be
made of any simtablcemidecealwistiththe emisodinetrsd showanr dsi nFigkn daw of
chem cal resistance and ease of formng, the rotor 5 may be preferably
made of aand 2kresanrmdteeri 2l wsischpreppaiedi whili cdhl tncdedgmbdl g ehloyl leswe

or pol ypropylene. 25 Next, actual exanples of the present invention
will cpe idebsor 2i2ed Inogeet Merame t brcolipaimat | Vet tesca il ase t eef:el B3&dhm, to
as "Conparison"). (Exanmpl e 1) In accordance with the
enbodisnenieslgdin: 7Anmgs.s2avanes@id (HeightovtnWidths pEmpar Bdnghilch

I ncl uded a hol | ow cylinder22 (Inner D aneter: 126mm CQuter D aneter:
132mm 53 9hmi)ghtnd Bgjen sravahes23 2(IHdilghte nrW dinke:t 25mA 2thmwhgt h'All
39m), and a central boss 21 (Inner D aneter: 22mm. All of these

el enent s ofr themde edfepehysi madremadedef pBdghvinyl ohlichel danes E2xhwas
contained in a vertical plane containing the central axis 25 of the
rotor, andfhaltle aranppet3 edgec ol aivhe dhi mas velnisicad thl 4he aqpper iadgey of

t he hol I ow cyl i nder 22. The boss 21 was nounted on a drive shaft 6 of
a notor the Kertrealr awd shaft o€ wdse madeoaf, stadnheds ast eghper edge (On
the other hand, the notor drive shaft 6 was nounted to penetrate

abot tidm wahichawefs & Yuspivwi cbhnthenepp2y edigwr of the hollow cylinder

22. The boss 21 was mounted on a drive shaft 6 of a motor

M. The drive shaft 6 was made of stainless steel.
On the other hand, the motor drive shaft 6 was mounted
to penetrate a bottomwall 2a of a ligquid container 2 (Innex
15 Diameter: 400mm, Height: 825mm) via a seal device 7. The
container 2 was made of transparent polyvinyl chloride.
The rotor 5 was arranged in the container 2 so that the
upper edge of the hollow cylinder 22 was located 125mm above
the bottom wall 2a. Water as a liquid L was accommodated
20 in the container 2, and a supply duct 3 (Inner Diameter:
60mm) was mounted to penetrate through a 1id plate 9 of
the container 2 to be partially immersed in the water L.
A lower open end 4 of the supply duct was positioned
directly above the rotor 5 and flanged to have an outer
25 diameter of 135mm. The mounting height of the supply duct
3 was adjusted to vary the clearance between the lower open

end 4 of the supply duct 3 and the rotor 5 in a range of

12



i5 D aneter: 400nm Height: 825mm via a seal device 7. The

contai ner 2 was nade of transparent polyvinyl chloride. The rotor 5
was arranged in the container 2 so that the upper edge of the holl ow
cyl i nder 2R0wA€mimocated 125nm above the bottomwall 2a. Water as a

liquid L was accommbdated 20 in the container 2, and a supply duct 3

(1 nner Di anet énder thélaiowas omdbhtddt, rre:hei:bgt& oy D s %&bﬂl&'éﬁ e 9
of the container 2 to be partially imersed in the water

| ower opertlenduglofan heppepplin bact sSwast poset sapgdly ducdi Beq,&ﬂylgb(g\hee t he
rotor 5 and flanged to have an outer 25 diameter of 135mm  The nounting

hei ght of theosupplas duditven by Sheamoadjnint ed #ot 8 aeya t Res £ eagagse kel ween

t he | ower open end 4 of the supply duct 3 and the rotor 5 in a range
of 5 (50Hz: 1,480rpm, 55Hz: 1]1@30rpm, 60HZLO~HOWME0rpm) unddyder
t he above conditions, nitrogen gas was supplied t hrough an upper inl et

8 of the suppeytduccohtwhole t As previotslycdess rdibedn e tdiee aBE@IM t O
rotate at varyi ng speeds 5 (50Hz: 1,480rpm 55Hz: 1,630rpm 60Hz:

1, 780r pnm) hmtdween thénseppdry cduttoB3. ardd phevirausdy Hewerd hegribhe to

cl earance bet ween the supply duct 3 and the rotor 5 was varied to

see how t heesuzbwobher snegatoneo presgutd wenearas ed ey giditerated BLOE LR

varies at each different speed as the clearance 10 varies. The suction
force was metsur &d war teanedt iearla diffdEgnpespred showbhe @ Ideraupd v
duct 3 via a nozzle (not shown) and by reading the water head of the

U pi péd0 Thearies. The suction force was measured by connecting a

U-pipe (not shown) to the supply duct 3 via a nozzle (not

shown) and by reading the water head of the U-pipe. The

performance of the rotor 5 was determined by evaluating

the magnitude of the measured negative pressure (suction

15 force) and the fluctuations of the pressure (stability).

In this test, nitrogen gas was used instead of actual

exhaust gas because the purpose of the test was only to

see the performance of the rotor 5.

The results of the test are represented in Figs. 4a

20 and 4b. As can be observed in the graph of Fig. 4a, a

slightly positive pressure resulted when the clearance

between the supply duct 3 and the rotor 5 was no more than

10mm, but a progressively larger negative pressure was

obtained as the clearance increased up to a certain level.

25 For instance, when the rotor 5 rotated at a speed of

1,780rpm, the negative pressure became maximum when the

clearance was 26.5mm. However, as observed in the graph
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berfornance of the rotor 5 was determ ned by eval uating the magni tude
of the measured negative pressure (suction 15 force) and the fluctuations
of the pressure (stability). In this test, nitrogen gas was used

instead ofofcFiagl. 4b, ekbautthgaslbecaliseet hacpuose beyidieat £8t swas, only
to see the performance of the rotor 5. The results of the test

are represeheedegatige. pdesAireafid vtuabedcdm ben obsaewad-apw1ihe g aph
of Fig. 4a, a slightly positive pressure resulted when the clearance

bet ween t heasgepl y Thras, 3 iandidnebeotcon &l wdedna ot echbaklearah@@m;put a
progressively larger negative pressure was obtai ned as the cl earance
I ncreased thiso axzamphen bavelld 25referdbdyantée Wiah tde fghefe 5of
rotated at a speed of 1,780rpm the negative pressure became naxi nmum
when tBe 17.4el2darsmne wasi2th&mn jubewever infoabseived ik Eheulrame
13 of Fig. 4b, when the clearance increased beyond 26. 5mm
the negat imenpriegsad ethlaictwheed e aromstesir abbyavede at a rspged Ww's,
it may be concluded that the clearance in this exanple shoul d
preferabl yl| 780inprawidriye olearmandd.oif-26 55mm, thetdwdunjtust ADErogen
i nformation, it should be nmentioned that when the rotor 5 rotated at a
speed of gas BurdOz@ndwwrh ezt ed0dne AfiPA.5mm  t heanount of nitrogen
gas sucked down was 100dnferr]/mn. (Example 2) 10 I n accordance
with the efiBydimpdre Zhown in Figs. 3a and 3b, a rotor 5 was prepared
whi ch included a hol |l ow
10 In accordance with the embodiment shown in Figs. 3a
and 3b, a rotor 5 was prepared which included a hollow
cylinder 22 (Inner Diameter: 126mm, Outer Diameter: 132mm,
Height:7lmm),sixvane523(Heightormﬁdth:25mm,Length:
39mm), and a central boss 21 (Inner Diameter: 22mm). All
15 of these elements were made of polyvinyl chloride. Each
of the vanes 23 was inclined at an angle of 30° relative
to a vertical plane containing the central axis 25 of the
rotor, and had an upper edge which was flush with the upper
edge of the hollow cylinder 22. The boss 21 was mounted
20 on a drive shaft 6 of a motor M. The drive shaft 6 was
made of stainless steel.
On the other hand, the motor drive shaft 6 was mounted
to penetrate a bottomwall 2a of a 1iquid container 2 (Inner
Diameter: 400mm, Height: 825mm) via a seal device 7. The
25 container 2 was made of transparent polyvinyl chloride.

The rotor 5 was arranged in the container 2 so that the

upper edge of the hollowcylinder 22 was located 125mm above

14



éylinder 22 (I nner Diameter: 126mm Quter D aneter: 132mm Hei ght :
71mm), sixvanes 23 (Height orwWdth: 25mm Length: 39nm, and a centra
boss 21 (Inner Dianeter: 22nm. Al 15 of these el enents were nmade of

pol yvi nyl whé Gsdeleom ®AQAL 2a. Oflatke wanes 12%hwed 1LNnghkngdcaimmdaapgle of
30[err] relative to a vertical plane containing the central axis 25 of

t he riai ofh e agdnitadi re@r uppeanedge sMpshywasdd Bh(1hhBrt Y HPOEEr :
edge of the hollow cylinder 22. The boss 21 was nounted 20 on a drive

shaft 6 ofe@EmmPt @#asMmodheedr it poabt r&v@Sthroudmde Diastaidd ess sieel .
On the other hand, the notor drive shaft 6 was nounted to penetrate

abott om walHe 2eont ad Hd f|ut de 60BkapRAt PallgN@mmerse B afEld e WOOEW ..
Hei ght: 825nm via a seal device 7. The 25 container 2 was nmade of

transparem poled ngbedhl entidel of tHbe SWbPLyd d@StarF890bd ciBBed
container 2 so that the upper edge of the hollow cylinder 22 was

| ocated lZbimeebdye above the rotor 5 and flanged td4have an outkhe
bottomwall 2a. Water as a |liquid L was acconmodat ed in the container

2, and a siipphgteéucdf318bmner DragEhétnting HOIGh Vs (e esbt o agpetrate
through a lid plate 9 of the container 2 to be partially imrersed in

the wat er L wasaljuseedopenveng thefcl8araud beliigd e nash g05bie@NE8Hen
directly above the rotor 5 and flanged to have an outer di anet er of

135mm  ThendmodndEnghieigippdf duetsupphpdditie rotod Baina@d wdwdet ofvary
t he cl earance between the | ower open end 4 of the supply duct 3 and
the rddor 1D +40mmr.ange of
Under the above conditions, the performance of the
rotor 5 was evaluated in the same manner as in Exémple 1.
The results are represented in Figs. 5a and 5b.
As can be observed in the graph of Fig. 5a, a
15 progressively larger negative pressure was obtained at
each different rotational speed (50Hz: 1,480rpm, 55Hz:
1,630rpm, 60Hz: 1,780rpm) of the rotor 5 as the clearance
between the supply duct 3 and the rotor 5 increased from
10mm to 31.7mm. Further, the inclined vanes 23 generated
20 a larger negative pressure at each different rotational
speed and at each different clearance than the vertical
vanes of Example 1. In this Example 2, when the rotor 5
rotated at a speed of 1,780rpm with a clearance of 24 .5mm,
the amount of nitrogen gas sucked down was 120dm3/min.
25. On the other hand, as observed in the graph of Fig.

5b, the fluctuation of the suction force (negative

pressure) was 138mmH,0 when the rotor 5 rotated at a high
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10 10~40mMm Under the above conditions, the performance of the
rotor 5 was evaluated in the sanme manner as in Exanple 1. The results
are represented in Figs. 5a and 5b. As can be observed in the graph

of Fig. 5apexd I6f pLOgRshmel ¥ O )gew i BRgat ishea DL €836 ARE e OBIFAI INRRm at
each different rotational speed (50Hz: 1,480rpm 55Hz: 1, 630rpm 60Hz:

1, 780r pm) thbudte tREOEUT tison hfoekbeaddwe not fhawrent éhguswprly dhwh 3
and the rotor 5 increased from 10mmto 31.7mm Further, the inclined

vanes 23 genaimnt etbecdd JTJEHPEr NLYaDryen preSHy £ at, &pChpfl)f fgEedach
rot ati onal speed and at each different clearance than the verti cal

vanes of Bi@fdeent Idlddtranbxanpl e Rowekey t hewhehor the cle@i@igdeat a
speed of 1,780rpmw th a clearance of 24.5mm t he amount of nitrogen

gas swkedndawwnyed t20a] @re¢dé nthan 25 . smmPnthke fahherulandn ast obger ved
in the graph of Fig. 5b, the fluctuation of the suction force

(negati vesuctignessuce) dvad plksd 20 prent Lbalr 0ktfe ® IO ebwd tthdhgh
15 speed of 1,780rpm (60Hz) with a small clearance of 10mm

t hough t he 0uciniyO fevea ddeh noéspbreat uad eceichigh eadnt ionbAwWepspaed
(50Hz: 1, 480rpm 55Hz: 1,630rpm at each different clearance.
However, ohdn 78bepncl e@0RAte FTHUS|edsethdw o tesns Ihdadlth@antcihse
fluctuation of the suction force dropped to a practical |level of no
nore thanapplid@BlentEangleO eferthet v Tespanicd oihhechi gh eodmpilenal sspeed
of 1,780rpm (60Hz). Thus, it may be concluded that the
10 11.8~31.7mm which is much wider than the applicable range

obtained in Example 1.

(Comparison 1)

For comparison, use was made of a conventional rotor

50 which had such a structure as shown in Fig. 6.
15 Specifically, the rotor 50 included a cylinder 71 (Outer
Diameter: 120mm) which is closed upwardly and downwardly,
ten radial vanes 73 fixed on the top wall 72 (1id) of the
cylinder 71, and twenty vertical ridges 74 fixed on the
circumferential wall of the cylinder 71. The rotor was
20 mounted on a drive shaft 6 of a motor M (see Fig. 1).

On the other hand, the motor drive shaft 6 was mounted
to penetrate a bottomwall 2a of a 1ligquid container 2 (Inner
Diameter: 400mm, Height: 825mm) via a seal device 7. The
container 2 was made of transparent polyvinyl chloride.

25 The rotor 50 was arranged in the container 2 so that the

upper edge of each vane 73 was located 125mm above the

bottom wall 2a. Water as a liguid L was accommodated in
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applicable range of the clearance in this exanple is 10 11.8~31. 7nm whi ch
Is much wi der than the applicable range obt ai ned i n Exanpl e 1.
(Conparison 1) For conparison, use was nade of a conventional rotor
50 which tihd stifibad red UCt @Rl assabWy idudt @ (Enndd Hpeaetieeal bYmrihe
rotor 50 included a cylinder 71 (Quter D aneter: 120nmm which is

cl osed upmasdmowntdedowvwapenstrate tirbadhala VaAds pBatiexedl off tdiget op
wall 72 (lid) of the cylinder 71, and twenty vertical ridges 74 fixed

on the contiagicugtepetio ale Wohktafalllhy CymhigidEd7in The redoernwas 240
mounted on a drive shaft 6 of a notor M (see Fig. 1). On the ot her

hand, thelswkar oy enshafl b £t NeSs PP Ieduct walsoppeial 1 6heaedadbekicamywal |
2a of a liquid container 2 (lnner D ameter: 400mm Height: 825m) via

a seals dexbe&e/.thdhtotor SCORird NEladgers tMdeaot bharsped£ndipaletdny!
chloride. 25 The rotor 50 was arranged in the container 2 so that the

upper edgefofl3esanh. vartae/ howmst iacatiesi dREmMofalxive sheply dbott amwaed | 2a.
Water as a liquid L was acconmodated in

16 adjuldtee dotd ar ey Pheand e rsamppkybeittie &n (1 nael oWeameoayr HHM
was nounted to penetrate through a lid plate 9 of the container 2 to be
partial | ydiofreglsedupp Liredwated dndAhe rd oversopan ;epdng b & De 10uapl v
duct was positioned directly 5 above the rotor 50 and flanged to have an
outer di anmet etnder thel3dowe Themblnibng hethkt wér foaensupp: yoduddh8 was
10 rotor 50 was evaluated in the same manner as in Example
1. The results are represented in Figs. 7a and 7b.
As can be observed in the graphs of Fig. 7a and 7b,
a meaningful negative pressure was generated only at a high
rotational speed of 1,780rpm (60Hz:) in a narrow clearance
15 range of 4~5mm though the generated pressure, either
negative or positive, was relatively stable. Thus, it may

be concluded that there is a great limitation on the setting

of the clearance and the rotational speed of the rotor.

20 The present invention being thus described, it is
apparent that the same may be varied in many ways. Such
variations should not be regarded as a departure from the
spirit and scope of the present invention, and all such
modifications as would be obvious to those skilled in the

25 art are intended to be included within the scope of the

following claims.
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édjusted to vary the cl earance between the | ower open end 4 of the

supply duct 3 and the rotor 50 in a range of 0~10nn1 Under the
above conditions, the performance of the 10 rotor in the
same manner as in Exanple 1. Thergsmkts are r E\ﬁ Eﬂﬂﬂ“&ﬂn

and 7b. As can be observed in the graphs of a
meani ngf ul negative pressure was generated only at a hlgh rot ati onal

speed of 1,780rpm (60Hz:) in a narrow clearance 15 range of 4-5mm though

the gener atedafr esspaPat®id hebr genBeadtive AL MPSE! K& ¥BanL! dhhve! Y
stable. Thus, it may be concluded that there is™a great Iimtation on

the settinrglf-sueltide ebaprangengnd the rotational speed of the rotor.
20 The present invention being thus described, it is appar ent

that the sane rrayab@mqafl&obéﬂta&%ﬂ\am f§&caccommaaaltatrig3rb§ Bhguk¢g not
be regarded as a departure fromthe spirit and scope of the present

invention,(rand all such modi fications as woul d be obvious to those
skilled in the 25 art are intended to be included within the scope of the

following clainms. a supply duct (3) partially immersdd in the liquida 1.

An apparatus for generating mnute gas foanms under sel f-suction

conpri si ngL) and having a downwardly open end (4) for supplving a
gas (G);

10 a rotor (5) disposed in the liquid (L) in facing
relation to the open end (4) of the supplying duct (3) and
driven to rotate for sucking the gas (G) and for dispersing
the gas (G) into the liquid (L) as minute foams; and

a drive means (M) for driving the rotor (5);

15 characterized that the rotor (5) includes a boss

(21), ahollowcylinder (22) which is open at least upwardly

and surrounds the boss (21), and a plurality of vanes (23)

extending radially in the hollow cylinder (22).

20 2. The apparatus according to claim 1, wherein the hollow

cylinder (22) is open both upwardly and downwardly.
3. The apparatus according to claim 2, wherein the hollow

cylinder (22) has a reinforcing bottom wall (24) which is

25 formed with a plurality of openings (26).
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5 ) a liquid container (2) for accommodati ng““l" u““I"IIIII"I!ll)

a supply duct (3) partially immersed in the liquid * ¢ d having a
downwardly open end (4) for supplying a gas (GQ; 10 a rotor
(5) disposed Thet kppaguitd s ldccortidasingto any edméiofi td aimes opeboerdd (4)
of the supplying duct (3) and driven to rotate for sucking the gas (G
and for diwpersiny each blethas fdPesnta3tthdnds quidadlipldy nimoee tdays;
and a drive neans (M for driving the rotor (5); 15

charact eriggfindttded he or ot e )s$ Nngludes anlibss radid 1y, cahoétoweidé nder
(22) whi chi sopenat | east upwardly and surrounds the boss (21), and a
plurality @bnnanased28p the Rxsllarti ngyladiddty(Ra)t.he hol | ow cylinder

(22). 20 2. The apparatus according to claiml, wherein the holl ow
cylindey (22) is open both upwardly and downwardly. 3. The apparatus
according to claim2, wherein the hollow cylinder (22) has a

rei nforcing.batteoorapphlrat2d abtokding 2bof ampdmet bfaqlladmabi Ly taf 3,
openi ngs (26). 18 4. The
appar at us peeaidlimnog46hasy ohe ¢hmdai (B31 1e 8pntaimbdrkbnnaeaeltdfcahe
vanes (23) has a radially inner edge connected to the boss (21) , and a
radial |y ogtlemedg®ssing through a central axis of the rotor (5).

10 6. The apparatus according to any one of claims 1 to 3,
wherein each vane (23) is inclined relative to a vertical
plane passing through a central axis of the rotor (5) in
a manner such that an upper edge of the vane is ahead of
a lower edge of the vane with respect to the rotational

15 direction (X) of the rotor (5).

7. The apparatus according to claim 6, wherein the angle

of inclination of each wvane (23) is no more than 45°

20 8. The apparatus according to any one of claims 1 to 3,
wherein an upper edge of each vane (23) is flush with an

upper edge of the hollow cylinder (22).
9. The apparatus according to any one of claims 1 to 3,

25 wherein an upper edge of each vane (23) projects beyond

an upper edge of the hollow cylinder (22).
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connected to the hollow cylinder (22). 5 5. The apparatus according
to any one of clains 1 to 3, wherei n each of the vanes (23) is
contained in a vertical pl ane passing through a central axis of the
rotor (5)10. TH: LHHpdke rappadatusdasa®r b ngnio oty dfnec Dhiglsailm:d 30 3,
wherein each vane (23) is inclined relative to a vertical pl ane

passi ng t{Pheudi @ €rat alivaxXive&hst RO diHPrd{SposRd undé@rMBABEN igehgt hat
an upper edge of the vane is ahead of a |l ower edge of the vane with
respect teontaiwéetiena)] 15 direction (X) of the rotor (5). 7.
The apparatus according to claim6, wherein the angle of inclination
of each vane (23) is no nore than 45[err] . 20 8. The apparatus
according to any one of claims 1 to 3, wherei n an upper edge of each
vane (3)1is finshapphlraius accopdEmedge ahyt adadf oyl ayhisnderctd 22) .

9. The apparatus according to any one of clains 1 to 3, 25 wherein an
upper edgehefrehmthtiandr(iddd meanhect(sl)beyonrili sposeah dlppee etge 1dfquhé

hol | ow cyl i nder (22). 19 10.
The appar abuscatcerdi(®) o any one of clainms 1 to 3,

A
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wherein the drive nmeans (M is disposed under the liquid contai ner (2).

5 11. The apparatus according to any one of claims 1 to 3, wherein the
drive nmeans (M is disposed above the liquid cont ai ner (2).
20
ABSTRACT
APPARATUS FOR GENERATING MINUTE GAS FOAMS
3 UNDER SELF-SUCTION

An apparatus for generating minute gas foams under
self-suction comprises a 1liquid container (2) for
accommodating a liguid (L), a supply duct (3) partially
immersed in the ligquid (L) and having a downwardly open

10 end (4) for supplying a gas (G), a rotor (5)_disposed in
the liquid (L) in facing relation to the open end (4) of
the supplying duct (3) and driven to rotate for sucking
the gas (G) and for dispersing the gas (G) into the liquid
(L) as minute foams, and a drive means (M) for driving the

15 rotor (5). The rotor (5) includes a boss, a hollow
cylinder which is open at least upwardly and surrounds the
boss, and a plurality of vanes extending radially in the

hollow cylinder.

20

(Fig. 1)
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