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DESCRI PTION M XI NG ELEMENT AND STATI C FLUI D M XER

USI NG THE SAME TECHNI CAL FI ELD The present invention
relates to an inprovenment on a nmixing 5 elenent used
in a static fluid m xer which m xes one or nore Kkinds
of fluids (liquids, gases, solids or m xtures of
these) w thout a nechanically novable part. Static
fluid mxers of this kbggcgﬁﬁ yggd in mxture,
agitation, extraction [ Fatlon gas absorption,

oS8 mrfleth M Senltiln LS LABR 1 smes

Ilke Further, static fluid m xers are used in nmany
TECHNIGhEsFSER as chenical industry, paper and pul p
i ndustry, petrochem cal industry, pharnmaceutica
Theu prepende minoemducroreladest ty, b igmicandntbem a mixing
manuf acturing industry, energy industry and
elemenyi needenin r 8l ated iicndistidy . mERér exaihe mikesd adh€ or more
fluid mxer is used as packing in an exhaust gas

xind " 8t Menii APPRL &S] BRs8RSOLRNIL COF URNPBEBOUofl Rhese)

whi ch harnful substances in exhaust gas such as Hcl,

wicntB 2 N 200 S0, G5 4 SHRL3, STFA, O, Hg and

a7 ox7 n un ergo ga

Vi ng ratus whic coll ects
ﬁl%ggéﬁarfigﬁgs BYeH Js © Eoot['ggﬁda]a{%‘? ﬁF%xH&& 1@a§HlXture'
and in a distillation apparatus. Further, a static ‘
agitatieny, mpok&RGtd onis e it ldld adpipdy-at 98 sf dﬁbsroéfr?&\;tloﬁg aiflution,
col l ecting
diffusiocn, emulsification, heat exchange, dispersion,

|qU| con act, or in a dust

particulate mixture and the like.

Further, static fluid mixers are used in many fields such

as chemical industry, paper and pulp industry, petrochemical

industry, pharmaceutical industry, semiconductor industry,
optical <fiber manufacturing industry, energy industry and
environment-related industry.

For example, a static fluid mixer is used as packing in an
exhaust gas treatment apparatus of an absorption.column mefhod
in which harmful substances in exhaust gas such as Hcl, NHj, NO,,
S0x, Sicls, SiHcls, SiF4, CO;, Hg and dioxin undergo gas-ligquid
contact, or 1in a dust removing apparatus which traps and
collects Si0z, microparticles such as soct and dust in exhaust
gas, and in a distillation apparatus. Further, a static fluid

mixer 1s used as an apparatus for removing and c¢ollecting
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1 organic chlorine-based chem cal conpounds, ammoni a
(NH4+) and the like, in which discharged water
undergoes diffusion treatnment. BACKGROUND ART 5
Patent application for a mxing elenent and a static
fluid mxer using the elenent of related art have
been made by the inventor, in which two or four

orgaﬁishtcﬂl"gﬁr{-ﬁéﬂﬂ édt@ﬁéﬁfgafpid'cﬁﬁpo@ esaﬁﬁ@ngézp@ﬁﬁd) and

in a passage tube, an opening is provided at t

central part, and edges of right-tw sted and : .
the PEAKELL; BG 1B ER adessRarapfor vy " dirifans sy aiffusion

right angles to each other wth space portions in
treaB%gﬂEen. Further, twisting angles of blades are 90",

1801, and 2701. Further, the production nethod
BACKGERRVNBeBARE process of dividing a passage tube into

several parts in the longitudinal direction and

jPaitmintg dppol ioratfionr fdmdesmieitf ademener anal la pordtion £iluid

of the passage tube divided; and produces a substance

mixetl aRShey apPacabusntoFed-dyat&i Nkl AL heded hRade by the
di vi ded surfaces of the passage tube. (Japanese

inveﬁEQ£1ShﬁdwﬁﬁEﬁnEwéPBEi% £OPi FEEQiégéggg%f@E%&i%ékd spiral

m xi hg el ement havi ng ades are provided

1ok PhIE, BiSHRLOTTLER) Basgate LiBe '8,  BLm A B Al Y cea ac
in between. @ Regarding a production nethod thereof ,
the ﬂ%@tﬁa?s"sa@%rhbénsn&%?é Bf adé§hhrévpptabcahd lert-twisted

separately, and then a m xing elenent is
blades are alternately dispcsed at right angles to each other

with space portions in between. Further, twisting angles of
blades are 80°, 180°, and 270°. PFurther, the production method
includes a process of dividing a passage tube intoc several parts
in the longitudinal direction and joining two or four blades to
an inner wall portion of the passage tube divided; and produces
a substance transfer apparatus formed'by joining together the
divided surfaces of the passage tube.

(Japanese Published Patent Application No. H53-168882)

Next, a mixing element having blades which are provided
inside a cylindrical passage tube to form a plurality of £fluid

passages that are continuous with an opening 1in between.

Regarding a production method thereof, the passage tube and the

blades are produced separately, and then a Hdiing element is

?roduced by Jjoining them together. Twisting angles of the
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produced by joining themtogether. Tw sting angl es of
the 2 mxing elenent are 90', 180', 270" and 360'.
(Japanese Published Patent Application No. H7-284642)
Further, the mixing elenment is forned of a plurality
of spiral blades provided in a passage tube, w thout
the bl ades provided at the central part of the 5
. . pas b a in °cy dri pes are dis
lelR§ éﬂgggiga £ ggthefggrt ngre §e3 ade %ﬁ%ﬂ d?oﬁEE&lShed
ovi ded, sop as mechani cal strength. The

PateBBt%PP hc%b%sN%f ‘f‘ e23ﬂygg%lbs Farenepr Hig mBHLNY o?lement is
30'. 45" and 135'. (Japanese Published Patent

formagplifcat | AUKG1L2P0 R 7687631 10 1Rdesha@rowintedi king passage
el ement are provided: an outer cylindrical tube,

tubebl adeh:quriovilbedbiladebe routweirdesd/| ahdtheal cdnibreyl padt of the
i nner cylindrical tubes provided at intervals so as to

passBEeVi gebé hesend! adesed N dhe riefa Iy kiuBdki caket UBEsposed  at
(Japanese Published Patent Application No.

lnte%99151§ﬁ3%%é'ﬁ%ﬂ%KMHéHQQtﬁenbﬁhagff%Ege%thff&%fﬁé&* so as

IS necessary due to I cul ty I'n terns

""-’to ?rth?r{gedU&tg'cggnE_?ﬁ J%%% e, Cr Seséggﬁgﬁgggl(t%&?és of the

say
central p as thﬁoknternal déaneter of sage

bladggpearey ugﬁﬂﬂhlé Fui 85f | O, ﬁgbon€§dlaﬁaé - FofJapanese

that reason, 20 there is a dlsadvantage that the
Publaphedt PebrabsAppl hextLpe HAd 2%gd t hI0HA6 Wi ni ni shes,
because fluid flows in an opening, that is, a short

ﬁ?rhhdrmxxmhs. Rilkt hgr, dlenerder arecopmenidEd:fomn outer
cyli;diical tube, blades provided in the outer cylindrical tube,
and inner cylindrical tubes provided at intervals so as to
provide these ‘blades in the outer cylindrical tube. (Japanese
Published Patent Application No. 2001-187313)

Regarding a mixing element of related art, it 1s necessary
due to the difficulty in terms of production to enlarge the
cross-sectlional area, that is to say the diameter, of an opening
(the central part) as the internal diameter of a passage tube,
through which fluid flows, becomes large. Fer that reason,
there is a disadvantage that the effectiveness of mixture and
agitation diminishes, because fluid flows in an opening, that is,
a short circuit occurs. Further, in order to compensate for the

decrease in the effectiveness of mixture and agitation, it is

necessary to provide a large number of mixing elements, so that
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decrease in the effectiveness of m xture and

“agitation, it is necessary to provide a | arge nunber

of m xing elenments, so that 3 equi pnent costs becone

high. Furthernore, if a mxing elenment of a |arge

di ameter (internal dianeter of 1000= or nore) is

produced production becones inpossible, and there is
adva t e that, mxture and 5 agitation efficiency

equlgmﬁ?ﬁ Shes® grearTy. h%%?ther it is inpossible for the

m xing el ement to be dlsposed as packing in a )
&“.Usrtﬁhielr&ﬂ%m céfund aligany .ﬁétﬂaﬁnéd Ogec%us%aﬁ%%e‘?%ameter
thereof are large. Mreover, when a m xing el enent of
(intgraaml dipgeieiroroangpP 8 0mno O(rf oroexanpke praphced, mepebguct ion
10') is produced and used, the mxing elenent can be
becopesvigpds asb packang tneﬁedisthlaasa@ﬁant@¢@nﬂh£¢rm&&bﬂ:a and
i nstall ed, which enabl es high performance and high

agltEEQQHCthfﬁﬁlbﬁc?e @Qh@h&%@es[P%h%%&l@'tera@%ﬁ%h%& it is
Japanese Published Patent Application No.

oA AL e o) denre B Pifyine 1n

aist S0 f RO RO UL JAPSALCRS PuBFFEHeq MRS Chereof

Application No. H7-284642
are large.

Moreover, when a mixing element of a small rotation angle
(for example, approximately 10°} is produced and used, the
mixing element can be provided as packing in a distillation
column already instailed, which enables high performance and
high productivity tc be obtained.

{Patent Literature 1] Japanese Published Patent Application No.

S558-128134

[Patent Literature 2] Japanese Published Patent Application No.

H5-168882

[Patent Literature 3] Japanese Published Patent Application No.
H7-80279

[Patent Literature 4] Japanese Published Patent Application No.
H7-284642

[Patent Literature 5] Japanese Published Patent Application No.

2001-170476
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[Patent Literature 51 Japanese Published Patent
Application No. 2001-170476 4 [Patent Literature 61
Japanese Published Patent Application No. 2001-187313
[Patent Literature 71 European Patent No. 0678329
(Patent Literature 81 US Patent No. 5, 605,400 5
[Patent Literature 91 US Patent No. 6,431, 528

Non-patent Literafure 1 S. J. en et al. 'STATIC _, :
(2= N ST o 5 S Ret e b P st 7 ESh & APPLication No.
publi shed in June 1973 [Non-patent Literature 21
2001KiB¢ALBo Mat sumura, Yasushi Morishima 10 et al
" STATI C M XER - FUNDAMENTALS AND APPLI CATI ONS" N kkan
[ Patkaay oL S AbuDye LiM.  Eptld Shesh 1 SaR enefs 336, 1981
DI SCLOSURE OF THE | NVENTI ON (Probl ens to be Sol ved by
the I nvention) ﬁilre ards a mxing elenment and a
[Patgng ikl te4akH R Nis Rpters the madGy Dement in
related art, since mxture and agitation efficiency
[Pathii N Shesa@srd e diggred fle f o Meidmy &l ggrent
enlarges, it is necessary to increase an anmount of
time when fluids are i xed and agitated. Therefore,
[ NopgmrpRBit gt tWetokd hi gh: 71 nCREH t8lonalpr o T&TiLsn MIXING
and assenbly beconme 20 difficult as a dianeter becones
HANDBe@OgE, and so tool costs becone high as well.
Further, the use as packing in distillation

Chemical Research Institute, published in June 1973
[Non—patent Literature 2} Kiichiro Matsumura, Yasushi Morishima

et al. “STATIC MIXER - FUNDAMENTALS AND APPLICATIONS”

Nikkan Kogyo Shimbun, Ltd., published on September 30, 12981

DISCLOSURE OF THE INVENTION

- (Problems to be Solved by the Inventiocn)

As regards a mixing element and a static fluid mixer using
the mixing element in related ar%t, since mixture and agitation
efficiency diminishes as the diameter of a mixing element

enlarges, i1t 1is necessary to increase an amount of time when

- fluids are mixed and agitated. Therefore, equipment costs

become high. In addition, production and assembly become
difficult as a diameter becomes large, and so tool costs become
high as well. Purther, the use as packing in distillation
columns already installed is impossible, because of the size of

members and performance-related aspects. Alsc, similarly, it
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colums already installed is inpossible, because of
the size of nenbers and performance-rel ated aspects.
Also, simlarly, it 5 has been inpossible to be used
as packing in an absorption colum already installed
for treating |arge gas volune. Further, a large
gas-liquid contact interfacial area, a

nes e PRRGRETANNE L0 gL, 0 BB E! LD, B efornion
| oss_have been denanded regarding a distillation

colugy| ghReadyngnpagki pg. o7 Jabedesed PLATIS herP PaEHe -
Application No. H7-080279) As volunme of exhaust gas
gardisred Brolaigwi gesatldnyidvessetact powererfplcdmtls area, a
and the like to be treated becones | arge, such

highageafbagescd0 asqhigh peéesteribanden | essomioki,ng sspAces  wide
| ess energy consunption and |ess cost of an

operab$ohpt LOAL 881 UnPapised sexhaus! ¢aesdsiir@at BB have been
apparatuses are desired. (Means for Solving the

dema 508 eTR)ech i 9ol STl T {18, BT E5FMLy | TVRRLEON packing.

or solvi above-nentioned probl éns 1S

m_xi ng ekﬁne t . c%ud s, _a..cylindrical  pa &ub
(T3DERE SR RRLERPI GFEFT oWBDLAFRFAPTT Pet HTBPARA4o0f As volume

rightward rotation (in the clockw se direction) or
of e3REWAFd 93T atTUHELATEL hE TOBUNEBCENSERKOSE - di FRESRSA) Dbower

provided in the cylindrical passage tube; a first
plantanendcyhiendikeakot bbet 20atliegpbsednen Lhegaxi shckeadeantages
portion of the first blades; spiral second bl ades of
as higbhpeardrmahat) obedt wetkvWagdspatali d8ss energy consumption
and less cost of an absorption column used in exhaust gas
treatment apparatuses are desired.
(Means for Solving the Problems)

A mixing element of the present invention for solving the
apove-mentioned problems is a mixing element includes: a
cylindrical passage tube through which fluid flows; spiral first
biades of rightward rotation (in the clockwise direction) or
leftward rotation (in the counterclockwise direction) provided
in the cylindrical passage tube; a first inner cylindrical tube
dispcsed in the axial center portion of the first blades; spiral
second blades of rightward rotation or leftward rotation
provided in the first inner cylindrical tube; and a second inner

cylindrical tube disposed in the axial center portion of the

second blades. Accerding to the present invention, a mixing
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provided in the first inner cylindrical tube; and a
second inner cylindrical tube disposed in the axia
center portion of the second blades. According to the
present invention, a mxing 6 elenent is provided, in
whi ch high m xture efficiency is obtained, production
thereof is facilitated, and production cost is |ow
elemgHEth§5'.gr %&Q@ el HEn%h%ggabﬂg gf bfi@ rgppéf £E£éﬁcy is
a gas-ligurd contact apparatus of aIFarge di aneter

I mor nore) of 5 the distillation colum thod . or .
ObtaiBESr pPrsﬂu%Bm?mth%{fﬁaa 8 fa%%?#a%tf ( EFRRcprofuhion cost

. I nvention) According to a mxing elenment of the

is lpgreseftriirentd dnlxinmselement coprie of neeing|aprlied to a
reduced with the inprovenent in 10 m xture and

gas-agotati oonedét cappeyatEar vheea, largeedt freepeodithi on mere) of
facilitated, production costs will be reduced as well.

the HMirdgdi@natike produedi i BtAbda o Sibddabt Doh CebUMMnOmethod is
absorption colum having a large dianeter will be

provehaplified. (BEST MODE FOR CARRYI NG QUT THE | NVENTI ON)
15 Hereinafter, enbodi nents of the present invention

(Effg%%ggﬁgahgxPﬁgégggoér detail, referring to the

raw ngs. G 1 is a perspective view of a
?%p rightward rotation type nixing el ement accordin
P fit

Efrbddi ReAL8f T+ PHes they &fsemt Freyention,

2 is a bottomview of a 900 rightward rotation 20 type
gas-higPhg EPERBAE &éB6r dildd the tussdadstviddbodieeimpreyegent in
mixtgrgsand agitation efficiency. Further, since the production
is facilitated, production costs will be reduced as well.
Further, the production of a distillation column cr absorption
column having a large diameter will be simplified.

(BEST MODE FOR CARRYING QUT THE INVENTION)

Hereinafter, embodiments of the present invention will be
explained in detail, referring to the attached drawings. FiIG. 1
is a perspective view of a 90° rightward rotation type mixing
element according to a first embodiment of the present
invention; FIG. 2 is a bottom view of a 90° rightward rotation
type mixing element according to the first embodiment; FIG. 3 is
a partly-enlarged perspective wview of a 90° rightward rotatiocn
fype mixing element according to a second embodiment; FIG. 4 is

a perspective view of a mixing element formed of rightward

rotation type first blades and leftward rotation type second
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a partly-enl arged perspective view of a 90" rightward
rotation type m xing elenent according to a second
enbodinment; FIG 4 is a perspective view of a m xing
el ement forned of rightward rotation type first
bl ades and | eftward rotation type second 7 bl ades,
according to a third enbodi nent of the present
|nvent|on siml rIy, 5isa E ti Vi

bladgsr ef tW Coadmgt a% on 1 yp%%%n Xi nembggﬁ%lgﬁEac\égr di t%vg tc})resent
a fourth enbo ment: simlarl FIG 6 1is

invepeigPect el SFLW of 1S n? x3 fig? %ﬁ%ﬂ?c%l‘f%r%%wo?f a leftward
leftward rotation type first blades and ri ghtward

rotagpeat cyRet W@W@é%%e@ccgﬁéw% f§ tho Pyyth embodiment;
enbodinent; FIG 7 is an explanatory view showi ng a

simitepn$g; setid.on6i nd he rdirapeterivél recévomfofaamixing element
rightward rotation type m xing elenment according to

formkhe df r serenbed nestabion he yeesentstnueddan; 238 rightward
simlarl y, FIG 8 is a perspective view of 15

rotaki gt $0L344 0B1EYRE, M AlRTeRl S 2G0T N Giment ;
a siIxt errbodl ment; Fl G 9 Is a perspective view of

7><| n %Inemsnt i n_whi ch_four

htward r
type Xi ngexé?lanattory iR ssll‘l)?t%lng m??rgﬁt %fa}ctlﬁn in the

present, invention are stacked; simlarly, FIG 15 1

dlamFEeﬁ &éF?ﬁé&PPvéDi/u%mFthBWﬁF% ﬁ@tél’céﬁé‘nttypﬁ vﬂlﬁr%}Pg element
three 30° rightward rotation type m xing el enents of

accogdsageriih éhsodfient mtodimarkedofsithe aprpseRtG inyention;
is a perspective view of a mxing elenent in which
simiflhrég, 60FIGL ghfwaisl raot atdmmpdoiperam xiey elenmdhfs oightward
an eighth enbodi nent are stacked; simlarly, FIG 12
rotation type mixing elements according to a sixth embodiment;
FIG. 9 is a perspective view of a mixing element in which four
15° rightward rotation type mixing elements of the sixth
embodiment of the present invention are stacked; similarly, FIG.
10 is a perspective view of a mixing element in which three 30°

rightward rotation type mixing elements of a seventh embodiment

are stacked; similarly, FIG. 11 1is a perspective view of a

-mixing element in which three 60° rightward rotation type mixing

elements of an eighth embodiment are stacked; similarly, ¥IG. 12
is a perspective view of a mixing element in which three 90°
rightward rotation type mixing elements of a ninth embodiment
are stacked; FIG. 13 1is a schematic sectional side view

according to a first embodiment of a static fluid mixer using a

‘mixing element of the present invention; FIG. 14 is a schematic
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20 is a perspective view of a m xing elenment in which
three 900 rightward rotation type m xing el enents of
a ninth enbodi mrent are stacked; FIG 13 is a
schematic sectional side view according to a first
enbodi nent of a static fluid mxer using a m xing
el ement of the present invention; FIG 14 is a
h k reky-s i,0 ' V) a ;N
part B O R e BEky SRR 1S nf ot Bl Sufhent. o 4
nixigg el,ement of the present, .nvention; sim.larl
statepg Tieifs B Ethetitd pdrt FY-330& i 6talengi q8tvi
. according to a third enbodinment of a static fluid 5 )
inveptkeR; MGLlEglivs aFE@hedat i%s | andidhadiatald yraselyopftional
perspective view of the static fluid m xer according
sidet oritdve aenbodinegnttof at Hdipresembodimenti @t showtatic flunid
FIG 13; FIG 17 is a schematic partly-1ongitudina
mixesectipnal vilgv shew ng arcremadiorentonhefudiRbXifgsectional
el ement of the present invention is 10 applied to a
persgbétibbatyon, cgkundreshad igase]h oyl ¢hiGRM aClcording to the
apparatus; and simlarly, FIG 18 Is a schematic ‘
embo&%lhéh)f'o%efihéoggésé#\ge%x%%‘t%BS%HQWQ”%S"PE’S'."Fﬁ‘t When 17 s
a mxing eleme of "t he présent "I nvention™i's applied
to an _absorptiqn colum nmethod gas-liquid contact ,
2 sEBsAPtite. HES OBAIGHOEHELER 1P GE K pefHberghaving  an
view of a 90 rightward rotation type (in the o .
embogiBeki BT r @c NI &1 ¢LRt eént Cishowirggeats iimstention is
enbodi nent according to the present invention, and
applEe@ Roi sza dbotilbmtdiew aoliimn nmmeithgdel gaenrfligAid contact
m xing element 1 has a

apparatus; and similarly, FIG. 18 1s a schematic partly-

present

sectional side view showing an embodiment when a mixing element
of the present invention is applilied to an absorption column
method gas-liquid contact apparatus.

{Embodiment 1)

FIG. 1 is a perspective view of a 90° rightward rotétion
type (in the clockwise direction) mixing element showing a first
embodiment according to the present invention, and FIG. 2 is a
bottom wview of the mixing element. A mixing element 1 has a
cylindrical passage tube 2, and a plurality of spiral rightward
rotation type first blades 3 provided in the passage tube 2.
These first blades 3 are formed of a perforated object having a
large number of perforatioﬁs 4. On the inside of the first

blades 3 1is disposed a first inner cylindrical tube 5 shaped
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20 cylindrical passage tube 2, and a plurality of
spiral rightward rotation type first blades 3
provided in the passage tube 2. These first blades 3
are formed of a perforated object having a |arge
nunber of perforations 4. On the inside of the first
bl ades 3 is disposed a first inner cylindrical tube 5

sha i k cyl L.nde e drica
Likey dB9gsnder] OST@%dﬂ%%‘ga{%%%%ec%i%é%%?%“foﬁ Yhis Provided
|rst bl ades 3 by.a necessary Iengt in the axia

ot T ehpreartiegt P86¥&Pﬂ ‘F%ﬁgu tadicnal a%sre%tggn)% BRgessary
is not disposed in any other_ places. In the 5 first

lengfhneincytradraekal t isn e rar diglesiigad 41pl ukhei t yopgitudinal
spiral rightward rotation type second bl ades 6 forned

diregtian) perdgl at @dnobj etitspssdigia laanygectiumbeplates. In the
perforations 7. On the inside of the second bl ades 6

firsks thisposedldrsedend | paee FYldrkdrpeabidede B8 phapedity of
like a cylinder to forman opening 9. 10 The second

spirbh@neri e el | Gl tube Sty?eprQé/d‘c‘}?dj @an@@gan§e fhormed of a

nmechani cal strength agalns tMAStIng stress o

perfgﬁggeg %gg%; ﬁgwﬂ%ﬁnec e%yll d“f%%r cﬁ%s 7. On

rovi por ron o e secon

blad necessa and | s not di sposed
|1ﬁls&r?ff o‘i’geF C{:Eeﬁja ﬁg %edch ?)?5?%%9‘155“%9&0“1 inner

bl ades_3, one end thereof is connected to the outer
cylipiragatetrahei 8| svapracd ide theXiimder Mrerfayt i aniropeing 9.

tube 5 and becones spirally twisted in a clockw se
The d$eeetd onnheightyaiddriogat itome t dnatd tjgmovindeet to enhance

circunferential surface of the
mechanical strength against twisting stress of the second blades
6. The second inner cylindrical tube 8 1is provided at a
connecting portion of the second blades 6 by a necessary length,
and is not disposed in any other places. Regarding each of the
first blades 3, one end thereof is connected to the outer
circumferential surface of the first inner cylindrical tube 5
and becomes spirally twisted in a clockwise direction (rightward
rotation) toward the 1inner circumferential surface of the
passage tube 2, with another end thereof being connected to the
inner circumferential surface of the passage tube 2.

Similarly, regarding each of the second blades 6, one end
thereof is connected to the outer circumferential surface of the

second inner cylindrical tube 8 and becomes spirally twisted in

a clockwise direction (rightward rotation) toward the inner

10
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passage tube 2, with another end thereof being

connected to the 20 inner circunferential surface of

the passage tube 2. Simlarly, regarding each of the

second bl ades 6, one end thereof is connected to the

outer circunferential surface of the second inner

cylindrical tube 8 and becones spirally twisted in a
otation) t

A ro BRGS0 b PRGRREFeRtl Aot e P Che HIACrYr Ry T S

cylindrical tube 5, w th angther end thereof bein .
Wlthcoﬁﬁ@é@@&tc?%@m FhaeeCLci PEIMCer FRINACTSH f ab® of-lthe inner
first inner cylindrical tube 5. Since the second
circumfereeyifhdeucabceulod Shmsfansopennay avlingdrgcal tube 5.
central part, the second blades 6 are not provided in
Sincéhehaxkakondenhaerpeyliiadratatlhevbecdnthasnnar opening at its
cylindrical tube 8, creating a void. Thus, as shown

centt+81Fb&St, 1tBBAsdcohh bhedexi &l Genteyt ﬂ%ﬂﬂldgﬁ(ﬁntﬁﬁé axial
second inner cylindrical tube 8 is forned the opening

cento%'wtaﬁgeg{: E%dgﬁ %-%é:%%tdatl'n%zarh%lﬁ% 'Elﬁaeanﬁg' eé}eatlng

are not limte 0 and

* voRor daice (0 (TR BndrCar arertic b %(Hetﬁa ) gl center

elenment 1, nore preferably in the range
POTtARPr i gl FOEORHo e UFY hRdr i frl nG#E’@r ®f ipnf&rmed the
15 cylindrical tubes disposed is at |east one and can

openapgob divhghyut bel ades eased or decreased such as the

third, fourth, fifth and n-th inner cylindrical tubes

tRo e idins posdeds | (twaccardaneey Mid)h of the blades 3 and 6 are
not limited to 20° and are preferagbly 1in the range of
approximately 5° to 270° in accordance to the internal diametex
of the mixing element 1, more preferably in the range of
approximately 10° to 90°. Further, the number of inner
cylindrical tubes disposed is at least one and can accordingly
be increased or decreased such as the third, fourth, fifth and
n-th inner cylindrical tubes to be disposed, in accordance with
the internal diaméfer of the mixing element 1 such that the
diameter of the opening 9 becomes smallest, for example, 50mm or
less. Similarly, blades can be used accordingly. Also, not
limited to 12 or 6, the number of blades 3 and 6 provided can be
increased or decreased accordingly.

{Embodiment 2)

FIG. 32 1is a partly-enlarged perspective view of a 080°
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the internal dianmeter of the m xing elenent 1 such
that the dianmeter of the opening 9 becones snall est,
for exanple, 50mmor 20 less. Simlarly, blades can be
used accordingly. Also, not |imted to 12 or 6, the
nunber of blades 3 and 6 provided can be increased or
decreased accordi ngly. '(Enbodinent 2) FIG 3 is a
y I pe ectlve Vi ew_ g 0 1 ri htmard
rlghQQ%E? oﬁﬂ¥%bggﬁ%x %%Pele%%ﬁ%n%ho aeg%sec qylé% second
ment a ordlng 0 the resent inyention.
embo%IlWIeré_[r F?CPE Ré Fnoxr—ﬁa BFERERE ARERBRAOTN FIGS. 1 and
m xing el ement 10 has a cylindrical passage tube
ﬁPWralY 5l 3ing sjpnet } gHowr dir ofB¥onl and 2, a
type first blades 12 provided in the passage tube 11.
mixifge élenest 12 Gr éafsor aedwfirairipsr opatsedgebj ecbe 11 and a
having a | arge nunber of perforations 13. On the
pilurklsige of tpalladesgdlwhsddisposedbm kivbst FINEF blades 12
cylindrical tube 14 shaped |like a cylinder, and to the

'prov‘ﬂd@:@r 130 +Gier U LNt Ale POrti 6n, fbltglfeé rH‘?rare fo:};med of a

cylindri cal tube I4 is connected one end each

perf&ggtggaggﬁe%% §¥£393%Jé%|IrﬁhﬁgglokuP%régrﬁé%%n? 13. On

a per aV|ng a
perforat In the inner cyljndrical tube .
arle BFGvi &éJd ur%amﬁ of %S pi T3l ‘ilJr%H’i‘P%\%‘?d ?otg%%h inner

pe 15 second bl ades 16 fornmed of a perforated object
cyllﬁéwﬁgla‘qllehegel4nm@@|edoflqd@ef@raﬁyl@men ondt ke the outer
inside of the blades 16 is
circumferential portion of the inner cylindrical tube 14 is

connected one end of each of the blades 12. The inner
cylindrical tube 14 is formed of a perforated object having a
large number of perforations 15. In the inner cylindrical tube
14 are provided a plurality of spiral rightward rotation type
second blades 16 formed of a perforated object having a large
number of perforations 17. On the inside of the blades 16 is
disposed a second inner cylindrical tube 18 shaped 1like a
cylinder. The inner c¢ylindrical tube 18 is formed of a
perforated object having a large number of perforations 19.

By forming the first inner cylindricazl tube 14 and the

second inner cylindrical tube 18 of a perforated object having

the large number of perforations 15 and 19, the mixture
effectiveness of fluids flowing in the axial center direction

(in the longitudinal direction) in the mixing element 10 1is

12
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di sposed a second inner cylindrical tube 18 shaped
like a cylinder. The inner cylindrical tube 18 is
formed of a perforated object having a | arge nunber
of perforations 19. 20 By formng the first inner
cylindrical tube 14 and the second inner cylindrica
tube 18 of a perforated object having the |large
, er of rf Lons 15 d .t he. i xtur .
lmpr@f?@btive%@%s %ﬁg%%uiég fF%% né%ﬁg%F glgéﬁalﬁéenﬁgﬁ 19 is
di.rection in the longitudinal directjon) in the ,
accopging yeF‘é}réﬁi:eéO%?E U9 HRPF ovelt L ARE Shapdidfe yat, slit
perforations 15 and 19 is accordingly selected for
and ysbefr amk& t ridgngltéle sqirade, dVIesSs|it Bapdd thdig ket  the
as the need arises. Each ratio of the perforations 15
perfanati®nis laccordli byl ysselcectredrigdly uselegtddiefob namgen the
of approximtely 5%to 95% (Enbodinent 3) FIG 4 is a
rang@ebspesp¥einbevlpf 58 td X85y, el ement showing a third
enbodi nent according to the present invention. A
(Emb8iXhBgt ghement 20 has a cylindrical passage tube 21
and a plurality of 10 spiral rightward rotation type

first pl ade 2_DRrLoyi in th ass ube 21.. The .
gﬁ§§e§Pzﬁga$eg Egﬁgakgfgavﬁgwf%Fa%e%dgyﬁinéhﬁé%ﬂﬁm§¥?Wlng @

. lar %Hnber of perforations, 23. On the inside of the ,
thirg, &g& sgend f % %9 rsbei RAESRY IS A rubd MIX1Ng

24 shaped like a cylinder. In the inner cylindrical
elemepbe2f4 hase alEYé{léWird@@laP@ISlﬁaﬂei thplsf Spignd a eplugayity of

rotati on type second
spiral rightward rotation type first blades 22 provided in the
passage tube 21. The blades 22 are formed of a perforated
object having a large number of perforations 23. On the inside
of the blades 22 is disposed a first inner cylindrical tube 24
shaped like a cylinder. In the inner cylindrical tube 24 are
provided a plurality of spiral leftward rotation type second
blades 25 formed of a perforated cobject having a large number of
perforations 26. On the inside of the blades 25 is disposed a
second inner cylindrical tube 27 shaped like a cylinder to form

an opening 28.

Specifically, in the mixing element 20 are provided the

- first Dblades 22 of rightward rotation (in the clockwise

direction) and the second blades 25 of leftward rotation (in the
counterclockwise direction). Thus, regarding fluids of

rightward rotation and leftward rotation flowing in the mixing

13
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bl ades 25 fornmed of a perforated object having a | arge
nunber of perforations 26. On the inside of the
bl ades 25 is disposed a second inner cylindrical tube
27 shaped like a cylinder to form an opening 28. 20
Specifically, in the mxing elenment 20 are provi ded
the first blades 22 of rightward rotation (in the
ckyhse _.dj {i .and _the second .hl ades_25 of
Elem%é?tmgéﬁ f%gg%$%§1 %?%l% %ncgbuﬁ§er%h§ﬁ:%ﬁ:sémproved’ because
direc iog). Thus, regarding fluids of rightward
SLIopg: afP6R ARG | SERESd 1St atT U T RE ndP¥ n THET HRG ngeurrents
13 el enment 20, mi xture efficiency is further inproved,
OPPOBatguse® SAForiflsheatn nghst déggeitergstigiestd@rbyin the mixing
swrling currents opposite to each other in the
elemgnam@fer &nraddibhonn bheforxing teteientr26ylindrical tubes
addition, by formng the inner cylindrical tubes 5 24
24 zadd 227 off @ perforaiel abjast, Mxtwre efficieney 1§ further
further inproved. (Enbodinent 4) FIG 5 is a
imprB@kgpective view of a 900 leftward rotation type (in
t he countercl ockwi se direction) mxing el enent show ng
: urpt h enbodi nent according to the present
(Emb%%%@ﬁ%?o%§ A mxing element 29 has a cylindrica

&g&gagg t.ube 30 and a _glura]ity of spiral leftward i
tion typd FPEFSPehtadss BV pPovidiedOi n td st agatation
tube 30. The first blades 31 are formed of a
typepdifiortdite & Bhjtesic ivakivigaa dimreet mmberining element showing
perforations 32.
a fourth embodiment according to the present invention. A
mizxing element 29 has a cylindrical passage tube 30 and a
plurality of spiral leftward rotation type first blades 31
provided in the passage tube 30. The first blades 31 are formed
of a perforated object having a large number of perforations 32.
On the inside of the first blades 31 is disposed a first inner
cylindrical tube 33 shaped like a cylinder. The £first inner
cylindrical tube 33 is provided at a connecting portion of the
first Dblades 31 by a necessary length in the axial center
direction (in the longitudinal direction), and is not disposed
in any other places. In the first inner cylindrical tube 33 are
provided a plurality of spiral leftward rotation type second
blades 34 formed of a perforated object having a large number of

perfeorations 35. On the inside of the second blades 34 is

disposed a second inner cylindrical tube 36 shaped 1like a
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15 On the inside of the first blades 31 is disposed a
first inner cylindrical tube 33 shaped |like a
cylinder. The first inner <cylindrical tube 33 is
provi ded at a connecting portion of the first blades
31 by a necessary length in the axial center

di rection (in the | ongitudinal direction), and i s not

cyli%%?l Sdf%? aQ%ﬁQﬁHﬁfi?)acﬁﬁéd. the flr ¥ mentioned

ri ca prov ura y o
spiral Ieftmard rqotatio sec nd 34 forne
earlbgra &éﬁero?%‘f%%dolﬁné@tr h%l(/il gEuﬁﬁ of Pprovided to

perforations 35. On the InSIdQ of t he second bl ades 34
enhapge drepharbcal setorfngttherad@insidr itwastigge S6rshgpedt the -
like a 14 cylinder to forman opening 37. Simlarly
secotid tltheadme f8nti offbd =acdneér innleer segdhddrhnel tube 36 1is
cylindrical tube 36 is provided to enhance mechanica

provste@ngth sagedmséct st ppgrsbness athd heecsegopdabbade’d by a
34. The second inner cylindrical tube 36 is 5 provided

nece@EaﬁyCQEHEQB'%&dﬁ%&ﬂd&wﬂg the ﬁ@@@ndaﬂhaq%ﬁrﬁﬂ:Qhébosed in

necessary  engt h accordlng tfo the need, and is no

an h e Re h f|r
any +&§£ %,%oer‘lsé gn %e%erefﬁc ?Cgeco%%égte%)# g?%e odteOne end
rcunferential surface of the flrsg i nner
ther@ij"ﬁ ndr FRBRerhBe 83 LRg BBESFreglgﬁPIF ???H’EW%t%HrﬁcﬂoOf the

a counterclockw se direction (leftward rotation _ _
firstohangrt R¥lingrédcadi tadpsf ererifichibenmieteSpira twisted in

passage tube 30, with another end thereof being
a coonhectéedckwlsde dimmert iodn cufifediontical rofwtfiane ototvhed the

passage tube 30.
inner circumferential surface of the passage tube 30, with
another end thereof being connected to the inner circumferential
surface of the passage tube 30.

Similarly, regarding the second blades 34, one end therectf
is connected to the outer circumferential surface of the second
inner cylindrical tube 36 and beccomes spirally twisted in a
counterclockwise direction (leftward rotation) toward the inner
circumferential surface of the first inner cylindrical tube 33,
with another end thereof ©being connected to the inner
circumferential surface of the first inner cylindrical tube 33.
Since the second inner cylindrical tube 36 has an opening at its
central part, the second blades 34 are not provided in the axial

center portion of the second inner cylindrical tube 36 to create

a void.
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Simlarly, regarding the second bl ades 34, one end
thereof 15 is connected to the outer circunferentia
surface of the second inner cylindrical tube 36 and
beconmes spirally twisted in a counterclockw se
direction (leftward rotation) toward the inner
circunferential surface of the first inner cylindrica

21331, WLh another end.iheree! belyy ﬁgonnssgﬁﬁoa angles

citcu eren surtace o
ner cylindrical tube 33. $Sjince the second inne o
tm%ﬂl%a#@%ﬁﬂs{ 1BE 5B° hla%agﬁs operthy 3 #te Pebniimited to 90

part, the second bl ades 34 are not provided in _the _
and axraPTedEAESL PO | O ofaRdre @BcORBTPAABRLEYY| Adriteall80° in
tube 36 to create a void. 15 Simlarly to the one
accomdatcenedtbartheerinteahali diameaglees of tisstmingirangtlexjent 29,
of the blades 31 and 34 are not |limted to 90 and are

and pbekeralifeddbiheirange ofardRProxi apbebyihate11800°i ro 90°.
accordance with the internal dianeter of the m xing

Furtﬁéf”erﬂthezgmf:éo@f]doﬁo S nRrefar q_g'lrdrl%ﬂ he,k@098i9bosed is at

appr oxi mat e to 90. Fur er of Tnner

leas%yllndrI cage%edl %&9 gc%%%. ne Pn%e%§ ag%d in

accordlng y FHCr easet n - Saccor dance

wi.th the internal dlane er of the g el enent 29.
aCCOFG?Pﬁ%rWlF e thntat SRy ddégesrr mfx 3%!%%% %%sement 29.
not limted 10 to 12 and 6, and can accordingly be .
Furthagr eibednymbgacodaddddes Stthendantfe MRETEdgH odtickelont imited

i s possible. (Enbodi nent 5)
to 12 and 6, and can accordingly be increased or decreased in

the range where production is possible.
{(Embodiment 5}

FIG. 6 is a perspective view of a mixing element showing a
fifth embodiment according to the present invention. A mixing
element 38 has a cylindrical passage tube 32 and a plurality of
spiral leftward rotation type first blades 40 provided in the
passage tube 39. The blades 40 are formed of a perforated
object having a large number of perforations 41. On the inside

of the blades 40 is disposed a first inner cylindrical tube 42

shaped like a cylinder. 1In the inner cylindrical tube 42 are

provided a plurality of spiral rightward rotation type second
blades 43 formed of a perforated object having a large number of
perforations 44. On the inside of the blades 43 is disposed a

second inner cylindrical tube 45 shaped like a cylinder to form
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FIG 6 is a perspective view of a m xing el ement
showing a fifth enbodi ment according to the present
invention. Amxing 15 elenent 38 has a cylindrica
passage tube 39 and a plurality of spiral |eftward
rotation type first blades 40 provided in the passage
tube 39. The bl ades 40 are forned of a perforated
2 Oobéggﬁ ving a large nunber of perforations 41. On
P& "dsi"de of the blades 40 is disposed a first inner
cylindrical tube 42 20 shaped like a cylinder. In th ,
i La%AY ndPi ddte t GBe AETHrEPNgH ofPdeded  plIRedi Pty 1in
spiral rightward rotation type second blades 43
the frobneds oblampaif Gifat @tk objresi dedvithe abladge AGntef épftward
perforations 44. On the inside of the blades 43 is
rotadiisposeith athsecondténokockyl Eaddicakttivhe 4ndshdpedolades 43
like a cylinder to form 16 an opening 46. Simlarly
of t9ghbeaene penLitoped eall itele Sheekhiical | ¥irkbcibhp. Thus,
m xi ng el ement 38 are provided the bl ades 40 of

resd e e ool pciton gt peld obeasion

otation (iIn

kwi se directio of

| hus, ' fluid .
10w b Pe b BT SIRFTES {98 GLLOL HEFoR - L OfiRg iR Turther

) the mxing elenent 38, mxture efficiency is further

imprioygdove R Wt us T g SHaF 1y sErEssSi sifen8fRecated by
by swirling currents opposite to each other in the

swirdiiaget euIE@ndisr ecpposite t ke miegichy eitéwant 138, thg diameter

addition, by forming the inner cylindrical tubes 42
direand oAb iof theperi-orat ed emkjract38. In addition, by forming the
inner c¢ylindrical +tubes 42 and 45 of a perforated object,
mixture efficiency is further improved.

FIG. 7 1s an explanatory -view relating to dimensions
(lengths) regarding the diameters of a passage tube and an inner
cylindrical tube in a mixing element according to the present
invention. As described in FIGS. 1, 2 and 3, a mixing element

47 includes a passage tube 48, first blades 49, a first inner

cylindrical tube 50, second blades 51 and a second inner

cylindrical tube 52 to form an opening 53. Regarding the

dimensional ratio of a passage tube to an inner cylindrical tube
in the mixing element 47, if the diameter of the passage tube 48
is ¢D and the diameter of the inner cylindrical tube 50 is e¢d,
it is preferable that ¢d be in the range of approximately 1% to

95% of oD, more preferably 10% to 60%. Further, it is
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m xture efficiency is further inmproved. FIG 7 is an
expl anatory view relating to di nensions (| engths)
regardi ng the dianmeters of a passage tube and an inner
15 cylindrical tube in a mxing elenent according to
the present invention. As described in FIGS. 1, 2 and
3, a mxing elenent 47 includes a passage tube 48,
fir bl.ades 49 first _inner_. cylindrical be 50,
prefebaBla iidtes B4 JAGGLSEcol FRRePEoByPPndr] oaf clbals for
52 to form an opening 53. Regarding the_20 dinensional __
examplej g Opp arpéégagea&l%&aetbna henRergeyPf pRPERFifefely 5% to
in the mxing element 47, if the dianeter of the
50% pasddge dipmetEy ¢ oD ohd fhesdi dmerer aflindeliogdertube 50,
cylindrical tube 50 is pd, it is preferable that pd
moreberefer®lvange ofc appnori ret edpypASaimtO5% bb% TDp 30%. In
nore preferably 10%to 60% Further, it is 17
addi’@i@ﬁfr ablee didndig A arBtes ofF thep 2PNt B8 b0 an inner

smal for exanple 50mmor |ess, and be in the range
- oxl pat el .y .S° : 9 t j d
Cyllgﬁfggggnﬁgggcgﬁiﬁ%%%%a “gggé%%ﬂfﬁﬁﬁ%#gﬂgig%ggaﬁﬁé %%@ordance
... the range of. approximately 10%:t 0% | additian, .. .
withy e o 1 | D! PASpasEage Fube "8 i it 1imited

cylindrical tube is accordingly selected for use, in, ]

to Ligssr faKteSewpRrP ERBSH AYALPERECo (P SFassHyet upelindrical
Further, not limted to first and second inner

tubegyFkRndbiec ali spwises, tiomaend dyls mohritcadll palesitan bessage tube
di sposed toward the central part of a passage tube 10

in tentuder feommpanplsachsweh @ tdeitdy rébufiur thi f4h falmd n-th

and n-th
inner cylindrical tubes and accordingly selected for wuse, with
blades disposed in a similar manner.
(Embodiment 6)

FIG. 8 is a perspective view of 15° rightward rotation type
{in the clockwise direction}) mixing elements showing a sixth

embodiment according to the present invention. A mixing element

54a has a cylindrical passage tube 55 and a plurality of spiral

-rightward rotation type first blades 56 provided in the passage

tube 55. The blades 56 are formed of a perforated object having
a large number cof perforations 57. On the inside of the blades
56 1s disposed a first inner cylindrical tube 58 shaped like a
cylinder. The inner cylindrical tube 58 1is provided at a
connecting pcrtion cf the first blades 56 by a necessary length

in the axial center direction (in the longitudinal direction),
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i nner cylindrical tubes and accordingly selected for
use, with blades disposed in a simlar manner.
(Enbodi nent 6) FIG 8 is a perspective view of 15
rightward rotation type 15 (in the cl ockw se
direction) mxing elements showing a sixth enbodi nment
according to the present invention. A m xing el enent

[ i.ndri | b d | Lif) .
and gé@ Egggﬁs%ﬁ Ilﬁt \%151%3 ortg}%?ftsﬁ:%l_ea%te;s .e 55’1 ri‘leb?ia elSJI[ g%iffj\_/ndrlcal

SpiT i g n pe fiTrs
provided in th assage tube 55, The bl ades 56 are _
tubey éﬁn@dfeofpa%ﬁ?@r &t &t W5 edtY habi RF1261a Hiatfeafshpretation

of perforations 57. On the inside of the blades 56 is
typedisgsesed ladest SPndfermad | afir ecarenimetsel sphpedt| iNeying a

a cylinder. The inner cylindrical tube 58 is provided
largat nambepnnécbenfopationa 60.t hen filkstidd adlesoH56tHy alades 58

necessary length in the axial center direction (in

is dik@dsergii udeBahddiiredd 08y1indBiaad BbediSPOSERHPEA iike a
any other places. In the inner cylindrical tube 58

cyliﬁ&@rpﬁ:g\/if%ngbaarplég@lﬂréé/ QE.SP?BQ' i&h%%tr‘gfjégr% L3110 ybe 61

type secon | ades 59 formed of a per j ect

. havin | ar number_ of. perforatiqns . On_the o
is pRAEE, o I aEE e P L e e o A Pl e tvisting
cylindrical tube 61 shaped like a .cylinder to form an
Stre%geﬁgng}h@z.blﬁiﬂe@% mrer cyif ndPFERF dabere rYliiddiGaldddibe 61

to enhance mechani cal strength agai nst tw sting
is psevedsdoftt Aechnpgesing. paheigecohdthnneeceydihbadeal 59 by a
tube 61 is provided at a connecting portion of the
neceseeond lbhgtbs as@ohyliag to the need, and is not disposed in

any other places. Regarding the first blades 56, one end
thereof is connected to the outer circumferential surface of the
first inner cylindrical tube 58 and becomes spirally twisted by
approximately 15° in a clockwise direction (rightward rotation)
toward the inner circumferential surface cof the passage tube 55,
with another end thereof being connected to the inner
circumferential surface of the passage tube 55.

Similarly, regarding the secend blades 5%, one end thereof

 is connected to the outer circumferential surface of the second

inner cylindrical tube 61 and becomes spirally twisted in a
clockwise direction (rightward rotation) toward the inner
circumferential surface of the first inner cylindrical tube 58,
with another end thereof ©being connected +to the inner

circumferential surface of the first inner cylindrical tube 58.

19




10

15

20

10 necessary length according to the need, and is not
di sposed in any other places. Regarding the first
bl ades 56, one end thereof is connected to the outer
circunferential surface of the first inner
cylindrical tube 58 and becones spirally tw sted by
approximately 15" in a clockw se direction (rightward
.__rotation) 15 toward the inner.cjrcu rential surface .
sincgt Bhe S0hedd AR cok Ent TR CHEFREPTOREE L F AR TS 2t aes
bei ng connected to the inner_circunferential surface )
Centaﬁltn%%rbasgaaeS?aB%dsla-?-a@%ﬁiﬁ%rﬂ'@ reyaPEPRE ¢Rheln the axial
second bl ades 59, one end thereof 1is connected to the
centgnt ppreiecunferbat fatosdrinner ofyihedsécaohdtul?® ¢hree create
cylindrical tube 61 and becones spirally twisted in a
a votHock®@hse,diirecth®natiaghteatdrr pbation) dfovdrad ddwond inner
inner circunferential surface of the first inner
cylifdbrisgdli eabet Bbei §8sormbihtREOLPER: €56t @t eRELPEENY blades.
connected to the inner circunferential surface of the
N ' i ngdpl.ca u 5 i C -
Mixipl ELehOREs SXb et he 1) REe "Taned FHEELH Y P60 mixing
elemcegtggl part, the second bl ades 59 are not provided in
Th fal center portion of the second inner
cylindrical tube 61 to create a void. Thus, in the
&8 e tSert Portipmbiekarefecthd $HHE? BheyTehlriealangles
tube 61 is formed the opening 62 w thout the bl ades.
of Mhei ngfistsnenbsaddd, 54c, B4 arles f osmedndi nidlladey t 2  are
the mxing elenent 54a. As regards the m xi ng el enent
apprbdimstate LB&,r ahat nambarglods blades 56 and 59 installed can

easily be increased, so that mixture efficiency is further
improved. Further, prdduction of mixing elements having a large
diameter (1000mm or more in diameter) is facilitated, and
production costs can be reduced as well. Furthermore, the
mixing element 54 can be disposed in a distillation column and

an absorption column already existing, so that assembly and

Ainstallation work on site and in columns can be made with ease.

Regarding a production method of the mixing element 54, each of
the passage tube 55, +the blades 56, 59, and the inner
cylindrical tubes 58, 61 is produced separately. Produced with
a plurality of members which have been divided in at least two
parts in the longitudinal direction, the c¢ylindrical passage
tube 55 and the inner cylindrical tubes 58, 61 may be formed by

connecting the plurality of members divided. Similarly, the
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of the first blades 56 and the second bl ades 59 are
10 approxi mately 15, the nunber of blades 56 and 59
installed can easily be increased, so that mxture
efficiency is further inproved. Further, production
of mxing elenents having a large dianmeter (1000nm or
nore in dianmeter) is facilitated, and production

Pt 2 o The T SS { or  [a B atiey of
olum and ,an absorption .col um al ready existin SO
memb%ﬁ%t‘%é?@hbﬁ?“ﬁhdge? st W%ﬁ% nlﬁorﬁw8n<§?t@°5ﬁd res. In
.colums can be made with ease. Regarding_a production
addifapRod toe tHEXHR%i RGCBEBRem? 59anedEn RFOJuRd pHskhgease by
tube 55, the blades 56, 59, and the inner 20
connggtindr tbal pRgbeges5§ubel S5 prisduicete sepal tdtical tubes 58,
Produced with a plurality of nenbers which have been

61, dndi tled bhadtsl 8ast SBwby paehs b wbBedinggi busdnay, adhesion,
direction, the cylindrical passage tube 55 and the -

lockingesngykbnepienl tubes 58, 61 may be fornmed by
connecting the plurality of menbers divided.

na_l.a | : | I 5 be f d
%é&af@i .éhﬁlxggﬁng%@%ngf%@ﬁéﬁg n ? M@Y¥c0€ of ORI s hove~

by "connecting a p ers i ch " havé been

divided in Qr. re parts. .I.n ddition,, the mxin
aescfiBrinfor] ain BodRiRrtod dhat Sndohy TEbRcH HETTs 542,
the passage tube 55, the inner cylindrical tubes 58, 5
54b, gpicand 4her 15t a¥feCE® BudpgonBaREesf SHEditigt the rotation
bondi ng, adhesion, |ocking and so forth. Regarding a
anglei ity séliememn®éBe shodn the PbGad@s Olfe dbovees approximately

60°. In other words, by joining adjacent first blades 56, the
mixing element 63 having such blades as 15°+15°+15°+15°=60° is
formed.

By dispesing a necessary number of mixing elements 54 on
top of the other in this manner, & mixing element having an
arbitrary rotation angle such as approximately 1806°,
approximately 270°, and approximately 360° can be produced with
ease.

In addition, not necessarily Jjoined together in a
predetermined position, edges of blades 56 next to each other
may be disposed in an arbitrary position and used. Further,

mixing elements are not limited to rightward rotation type

. blades, and a combination of the rotation direction of blades

forming the mixing elements 10, 20, 29, 38 shown in FIGS. 3
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descri bed four 150 rightward rotation type m xing

el ements 54a, 54b, 54c, 54d are stacked and connected

such that the rotation 10 angle (tw sting angle) of

the bl ades 56 becones approximately 60'. In other

wor ds, by joining adjacent first blades 56, the

m xi ng el enent 63 having such bl ades as

150+150+150+15Q0=600 is .fo d.. By disposing.a
throfigRebeaty SHERBEIGRY nesHHG LR eRaRt S58a BROOTS ppptas the need.

the other in this manner, a m xing el ement having an
(Embgfpmepdryirotati on angl e such as approxi mately 180-,

approxi mately 2700, and approximately 360" can be

FEisduckd wetlk mmsmpedtivaddvi¢eonofnet HeEcesbahtiward rotation

joined together in a 20 predeterm ned position, edges
typeOf (Dhadgise S&InNiwilse edtheothen) mMayxbegdispesed | sBhawing a

arbitrary position and used. Further, mxing elenents
seveft® NOEmbbAthegh t 0 JdGHMRIA rebati gRet YRGeir@deSinvention.

and a conbi nation of the rotation direction of bl ades

s 1.Ng..th ] Xi el e , 9,, .38 0 in ;

Slml&%ég& StBZ?j?%rgﬁ%ﬁﬁg P%f%%%%?di%%?Vgsenecggg'?g%’ué%,lelng

according to the .need. _(Enbodi ment 7 G _10 is.a
eem3f o iedc e A IR GRS o0 BH SHGRr o T |9y BROFRALEY of

. the clockwise direction) mxing el ement showing a 5

spirgdyentahterdsti TRimt gt ok pg Tissthdlgdesert® irRASHIGRMH. 10 the

Simlarly to the mxing elenent shown in FIG 8, a -
passaQei igbe 65. The first blades 66 are formed of a perforated

object having a large number of perforations 67. On the inside
of the first blades 66 is disposed a first inner cylindrical
tube 68 shaped like a cylinder. The inner cylindrical tube 68
is provided at a connecting portion of the blades 66 by a
necessary length 1in the axial center direction (in the
longitudinal direction), and not disposed in any other places.
In the inner cylindrical tube 68 are provided a plurality of
spiral rightward rotation type second blades 69 formed of a
perforated object having a large number of perforations 70. On
the inside of the blades 69 is disposed a second inner
cylindrical tube 71 shaped like a cylinder to form an opening 72.

The inner cylindrical tube 71 is provided to enhance mechanical

~strength against twisting stress of the blades 69. The inner

cylindrical tube 71 is provided at a connecting portion of the

blades 69 by a necessary length according to the need, and not
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el ement 64 has a cylindrical passage tube 65 and a
plurality of spiral rightward rotation type first
bl ades 66 provided in the passage tube 65. The first
bl ades 66 are formed of a perforated 10 object having
a |l arge nunber of perforations 67. On the inside of
the first blades 66 is disposed a first inner
. __cylindrical tube 6§ shaped like a cylinder. The inner
dlsP@%??nH?ié%Y PHber 6812FSS provi ded at a connecti ng
portion of the blades 66 by a necessary length in the _
Dhical foekpwskngs retei SAMLILATL He 1Bh¢ oMgringi gapment shown in
direction), and not disposed in any other places. 1In
¥IG.t Beandnthecgfondracal ndtubexpBaaned pinvileiedia. pl urality
of spiral rightward rotation type second bl ades 69

frey meghofda tper khardired Obiesht havi nthoar algermgnberd, three
of perforations 70. On the inside of the blades 69 is

appr?k§ﬂ9§@§y33%ecq%%ﬂﬂugyd290€¥£i8§rk%gg thenfl shapatts 64a,

I ke a cylinder to form an opening The i'nner

6db, gt%lrilicn %rriec %lt a,tclﬁg% ?a:hcf % cpngnoe\slc{tdeedj gl?‘%he%‘ﬁfgﬁg %&8&11@5’#)1% angle

ength against twistin F'ess o

i.nner lindrical tube 71 is, provjde t a_gonnectin

of S iafeR Bhe bpomEDs BPHY M ReodPy. | eRgiRlatly Fo cthe
~_according to _the need, and not 22 disposed in any .

nixigghedepeated3 Fhewholirodiliys Br ethe rizing o tefeent xphghaving

el ement shown in FIG 8 and therefore are not
suchekpbdenedsi A0deBaP+30As9p@gasdsotinedm xi ng el enment 64

shown in FIG 10, three 5 approximately 30 rightward
(Embbat akkhengtype m xi ng el ements 64a,

FIG. 11 is a perspective view of a 60° rightward rotation
type (in the clockwise direction) mixing element showing an
eighth embodiment according to the present invention. A mixing
element 73 has a cylindrical passage tube 74 and a plurality of
spiral rightward rofation type first blades 75 provided in the
passage tube 74. The blades 75 are formed of a perforated
object having a large number of perforations 76. On the inside
of the blades 75.is disposed a first inner cylindrical tube 77
shaped 1like a cylinder. The inner cylindrical tube 77 1is
provided at a connecting portion of the blades 75 by a necessary
length in the axial center direction (in the longitudinal

direction), and not disposed in any other places. In the inner

.cylindrical tube 77 are provided a plurality of spiral rightward

rotation type second klades 78 formed of a perforated object
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64b, 64c are stacked and connected such that the
rotation angle of the bl ades 66 becones approxi mately
90. Simlarly to the mxing elenent 63 shown in FIG
9, the mxing elenent 64 having such bl ades as
30+300+300=900 is formed. 10 (Enbodinent 8) FIG 11 is
a perspective view of a 60 rightward rotation type

.(in_the clockw.se direction) .mxin | enent_.show ng, an
havifizia: AETRBOR TR Ao A0 S hreodll THelt e of the
A mxing elenent 73 has a cylindrical passage tube 74
bladgfg 7§ piucdiSPopest 1550l Innght G dndbtert oni§ el shaped

first blades 75 provided in the passage tube 74. The
likepleadesl 75ler etbofped ¢fn acpening abéd djeecintrwi aglandrical
| arge nunber of perforations 76. On the inside of the

tubebl &Wlesi 5 provdideposed aedhsiste i nrethanildaldr is¢alernttthe against
77 shaped like a cylinder. The inner cylindrical tube

twisEanSs@QeBéOMEdQﬁeablédégnn@@ti@H@DQﬁhéQ”C?iiﬁﬁﬁical tube 80
bl ades 75 by a necessary length in the axial center

is p%%@ggghogt(Encgﬁﬁekg?ﬂ%}ggEE§EPng%Lgﬁ%ng%onanglggés 78 by a

sposed i n any ot ces.

cylindrical . tube 77 .are prqvided a pluralit f spiral.
nece gy udPlo Pofatro il pd s atind HHaEE T & b HEP BTG 10 any

perforated object 23 having a | arge nunber of
othegepPfdfFgFions 79. On the inside of the blades 76 is

di sposed a second inner cylindrical tube 80 shaped

ITHee Bokldwinies aoef erimidmropeni hge 8hixThg igdmmrent shown in

cylindrical tube 80 is provided to enhance nechani ca
FIG.sBrendt hhagafbst are not explained in detail.

As regards the mixing element 73 shown in FIG. 11, three
approximately 60° rightward rotation type mixing elements 73a,
73b, 73c are stacked and connected such that the rotation angle
of the blades 75 becomes approximately 180°. Similarly to the
mixing element 63 shown in FIG. 9, the mixing element 73 having

such blades as 60°+60°+60°=180° is formed.
(Embodiment 9)

FIG. 12 is a perspective view of a 80° rightward rotation
type (in the clockwise direction) mixing element showing a ninth
embodiment according to the present invention. A mixing element
82 has a cylindrical passage tube 83 and a plurality of spiral
rightward rotation type first blades 84 provided in the passage
tube 83. The blades 84 are formed of a perforated object having

a large number of perforations 85. Cn the inside of the blades
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5 twisting stress of the blades 78. The inner
cylindrical tube 80 1is provided at a connecting
portion of the second blades 78 by a necessary |length
according to the need, and not disposed in any other
pl aces. The followings are simlar to the m xing

el ement shown in 10 FIG 8 and therefore are not

_ .expial i n, d Bl e . i X I 73 1
so UMY L B2 Merogan Bt 18T GBS NP 1ike
.ratation pe.m xing elenents 73a, . 73 73c are
cv2ibiefred GRY cHRRBEL o R i obt 1 o g degy et @
t he bl ades 75 becones approximately 180'. Simlarly to
CONngREiIRg RPELAGRePENERE bgaéﬁémﬁ4iHYFﬁGPeg?SﬁﬁéYn¥§$%@h in the
el enent 73 having such bl ades as 60" +60' +60' =180" is
axiafocgeder( Bibeditiem O AMG Ihgstwedjpwmkspéttéasianlew and not
of a 90" rightward rotation type (in the clockw se
5 dispdseectinomnymodHyy edlemeyd. Sow dige aimhét heyPOhdrical tube 86
enbodi nent according to the present invention. A

are Mpxbpgashement;182hasa eyl igdrical papsagsd ubet83ion type
a plurality of spiral rightward rotation type

and
secolfir S Hlee 4B g 139 noLBE pRSRAOR. EUBRLES TS 1ocos
k205 WIBLSLL BT TR0 815 00 BT LLE LESLEE S0 o7 s
tube 86 shaped |like a cylinder. The inner cylindrica
disppgpe 88 iRV demet gYldsAméctilngtpbetibh shaped like a
bl ades 84 by a necessary length in the
10 cylinder to form an opening 90. The inner cylindrical tube 89
is provided to enhance mechanical strength against twisting
stress of the blades B87. The inner cylindrical tube 8% is
provided at a connecting portion of the blades 87 by a necessary
length according to the need, and not disposed in any other
15 places., The followings are similar to the mixing element shown
in ¥IG. 8 and therefore are hot explained in detail.

As regards the mixing element 82 shown in FIG. 12, three
approximately 90° rightward rotation type mixing elements 82a,
82b, 82c are stacked and connected such that the rotation angle

20 . of the blades 84 becomes approximately 270°. Similarly to the
mixing element 63 shown in FIG. 9, the mixing element 82 having
such blades as 90°+90°+90°=270° is formed.

(Embodiment 10)

FIG. 13 1is a schematic sectional side wview of a static
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axial center direction (in the |ongitudina

direction), and not 5 disposed in any other places. In
the inner cylindrical tube 86 are provided a
plurality of spiral rightward rotation type second

bl ades 87 fornmed of a perforated object having a | arge
nunber of perforations 88. On the inside of the blades

. 87 ] S cond I nner cyllndrlcal tube 8
i e BB R TFRae Catrb iR OBUAThg SGroTh mixing
1 i E r cylindrical tube 89  is provided to enhance
elemglEngfi cdie sRTergth &gurRsiobn st Pngyldpdedsadt shpeic fluid
bl ades 87. The inner cylindrical tube 89 is provided
mizeRxt 904 EBnheEREAgPporttoFRatet edbbpdesng7a byightward rotation
necessary |ength according to the need, and not
type dimsipoiser edem&mtothéraﬁﬁipbacbeftﬁhedfcﬁdﬁnmlmgs aype mixing
simlar to the mxing elenent showmm in FIG 8 and

- eleméfier 080r @igheangpaexpl aoned ithdeisd .dAmdegards 4ihe mixing

m xi ng el ement 82 shown in FIG 12, three

elem@z@@§°§3”&§@| Mlgg %éélg:mv@éfiwégﬁat hg”andyflﬁ‘&ﬁ caSJhng 92.

el ements 82a 82c are stacke connected suc

ro gle of the bl ades 84 b
In wﬁoix?ﬁme%%o@fp LR 1« OSe SRestilg BrenER: 98 are
% in.FIG 9, the n1X|nq¥ﬂ4enent 82 haV|ng suc
dlsp%?%\ efds §8°R§0 Lo R e (Eﬁbcf&l?ﬁéntbié)jes 96.
FIG 13 is a schematic sectional side view of a static
Furtheryf| §ng memacebrmimes t §3a 34 sinepbpoiatent audiimpta inner
m xing elenment of the present invention. A

"cylimgtiodii tabesBatandfd uselcond inner cylindrical tube 99 shown

in FIGS. 1 and 5, respectively. It is preferable that an
opening 100 be small in diameter (50mm or less in diameter).
Note that, a static fluid mixer may be formed by alternately
disposing the mixing elements 93, 94 in the casing 92 without
disposing the cylindrical spacer 95. Further, a static fluid
mixer may be for_med by joining together the edges of the mixing
elements 93, 94.

While two kinds of fluids FA and FB flow in the static
fluid mixer 91 constructed as described above, part of the
fluids revolves spirally in accordance with the rotation angles
of blades, becoming circling currents in the clockwise direction,
part of the fluids flows through perforations in blades and then
is sheared, and part of the fluids flows through perforations in

an inner cylindrical tube and then is sheared; and accocrdingly
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mxer 91 is fornmed by alternately disposing a
rightward rotation type mxing elenent 93 and a

| eftward rotation type mxing 5 elenent 94, with a
spacer 95 of the sane dianeter as the mxing elenments
93, 94 disposed in between, in a cylindrical casing

92. In addition rightmard rotati on type second
d all ht d
the tbtype o881, dggéggéf ald akeggﬂew bt bl OByer and
dméezdand ”%22 4 IRAGE COTi AT ChoemD8 HoA= ixed as

FIGS. 1 and 5, respectlvely It is preferable that an
revolpehPhg 106 $56. "Sirm| | ShﬁaHFﬁﬁetercc(rﬁtﬁﬁﬁeétce}resstilﬁnover and

diameter). Note that, a static fluid mxer may be
diviSbonedrbytbm$erﬂpeetgd o splos$ geriwer m xi ng el enent s

93, 94 in the casing 92 without 15 di sposing the
(Embeyimedti ta) spacer 95. Further, a static fluid mxer

may be formed by joining together the edges of the

g g1 4 €l ierent Ss S3emPdi c WY detndsaf EhybdssikAY of a
and FB flow in the static f|UI m xer 91 constructed
stat@é qﬁl%&ibﬁgxggoa cé%Hln f Ehe %QCOBH'Qng using a
y inaccordance 'w h the rotation angle

beco circling currents in t?g cl k
lelHEr&e,LFF‘SH% Spart o PAFRENY U HESPTERR t hrbught L7 LR
perforations in blades and then is sheared, and Eart

fluléf miKerf Ll dssf FemBeenPyughsperiarati BheDFHAT@nTPhRBIOD type

cylindrical tube and then is sheared; and accordingly
mixifG ehembhuid@Sfb@wtaxpxﬂkﬂdrkﬂaif&p&d&r,lkﬂebaTWM@dthe same

over and
diameter as the mixing element 103 in a cylindrical casing 102.
Rightward rotation type first blades 104 provided in the mixing
element 103 are similar to the mixing element 93 shown in FIG.
13, whereas rightward rotation type second blades 106 are
disposed at a necessary portion in the axial‘center direction
(in the longitudinal direction) in a first inner cylindrical
tube 105 with a space portion 109 disposed in between, and an
opening 108 is formed to constitute the mixing element 103. By
forming the space portion 109, where no second blade 106 is
provided, in the first inner cylindrical tube 105 in this manner,
mixture efficiency can be improved with the effectiveness of
fluids converged to flow together in the diameter direction.

(Embodiment 12)

FIG. 15 is a schematic partly—sectional' side view o0of a
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-elem%gg" 1§¥:blgé:8e;r%33%£flahre c?agﬁe pglge.%llg

di vi ded. The two kinds of fluids FA and FB are m xed
as revolution, passing, shearing, convergence,
turnover and division are thus repeated in this
manner. 5 (Enbodiment 11) FIG 14 is a schematic
partly-sectional side view of a static fluid m xer
according to a second enbodi nent using a m Xing

. enent. of t.he present ,invention. cvlindri cal atj .
statfp o S 0T | SCROray by i Spobl bl Sty uSing 2
. _.rotation type 10 mixing elepent 103 and a cy]jndrj cal _
lel%%aEémeTG I‘vait?{getﬁ’%e Sie TUTEMEtRE- as Zih%ﬁﬁ‘%%?ﬂgcaal static

element 103 in a cylindrical casing 102. Rightward .
fluldomakpsnliypésf fpsned| hredispdsprovadedInhvahe woSkahen type
el ement 103 are simlar to the m xing el enent 93 shown
mixing El&ment3lldhemeas rdydhtnwaricalotstdaer t3e Isecomd the same
bl ades 106 are 15 di sposed at a necessary portion in

diambberaykakneemtiedi ndi rQekieert (AN itrh&al@;fﬂgiwﬂicfwi casing 112.
direction) in a first inner cylindrical tube 105 wth

RighfwSPACERALL bAN +102 HiSReSed Jdd DetMeen, o pNk&Nin the mixing

opening 108 is forned to constitute the m xing el ement

En%g_h%mem%erfﬁ Wown in FIG.

secon I e TI1rst 1 nner

S 20 provi

cylindrical tube 105 in this_manner, I Xture ) )
13, eWF?EF@ﬁcySESHHGe Pﬁﬁﬁ%?edliﬁthpFHElGFaLC?Pveﬁesng?t inner
fluids converged to flow together in the diameter
cylipiréeel ofube( Erbockpenfoingd FpE the jkefwubnagiation type.

partly-sectional side view of a 27
Further, similarly to the mixzing element 103 shown in FIG. 14,

with a space portion 119 in between, the leftward rotation type
second blades 116 are disposed to form the mixing element 113.
Further, similarly to FIG. 13, a second inner cylindrical tube
117 and an cpening 118 are formed.

Regarding the static fluid mixer 111 constructed in this
manner, mnmixture efficiency 1s further improved with the
occurrence of c¢ircling currents of rightward rotation and
leftward rotation.

FIG. 16 is a longitudinally-sectional schematic perspective
view, in the axial center direction (in the longitudinal
direction), of the static fluid mixer according to an embodiment
of the present invention shown in FIG. 13. A cylindrical static
fluid mixer 121 is formed by alternately disposing a cylindrical

rightward rotation type mixing element 122 and a cylindrical
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static fluid m xer according to a third enbodi nent
using a mxing elenent of the present invention. A
cylindrical static fluid mxer Ill is formed by
di sposing a rightward rotation type m xing el ement
113 and a cylindrical spacer 120 having the same 5
di aneter as the mxing elenent 113 in a cylindrica
n r at.i p rs ade
eft“&%‘%%. 38 3#‘. Ao B or T r Y ariTar d Erereal
spac 159 gb Nt 93 shown in FIG 13, whereas second
P %?ades prOV|%ed ina first inner «cylindrical tube
5 are formed of the leftward rotation tX pe. 10
FUift hér I&MaCar FPTE61PRe MYRPngTeKeREnt ©168°%howtr$ n has 2
FIG 14, wth a space portion 119 in between, the
cylingrigat dpii%mwohub?pb% sEdna mad@élumoﬁr@m@bo@e@htward
to formthe mxing elenment 113. Further, simlarly to
rota®l@h tgpeaisesvndladeerlzy|pnodvidad 1nbEhel§§sgagbeuube 125.
opening 118 are fornmed. 15 Regarding the static fluid
The BlX@esl|hbecanst ruehed of BhigerfMeld dBdd aving a large
efficiency is further inproved with the “occurrence of
numb&i:rgk'ggerEé?EBé Oizvlgfb‘ﬂwﬁe rﬂﬁa@%@n@he f4Y&L do6 (at
rotati | ongi t udi na y sectiona
sch natl pectl 20.vi ew, axial ,_ cent

the FEMERRLPLFH the I%Jrf@?tt DHFRER il 3L F8E) 928 naving

statlc fluid m xer according to an enbodi ment af the
PerfQrasentsi ntBAPEEN 14KBuA CrlFPEeTy3 i9A TVARARRG @il along the
static fluid mxer 121 is forned by alternately
leng@hspésifigst dydadefritad- righthar dnnetratdwindpieal tube 128
m xi ng el ement 122 and a cylindrica
are provided a plurality of spiral rightward rotation type

second blades 129 formed of a perforated object having a large
number of perforaticns 130. On the inside of the blades 129 (at
the central part) is disposed a second inner cylindrical tube
131 shaped 1iike a cylinder to form an opening 133. Similarly to
the first inner cylindrical tube 128, the inner cyliindrical tube
131 is provided with a large number of perforations 132. One
end of the cylindrical spacer 124 which has the same diameter as
the mixing element 122 is Jjoined to an edge of the mixing
element 122. It is preferable that the length in the axial
center directicn (in the longitudinal direction) of the spacer
124 be 0.1 to 10 times the whole length of the mixing element
122. ©Note that, not limited thereto, the whole length Qf the

spacer 124 can be accordingly selected for use.
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28 leftward rotation type mxing elenent 123, with a
cylindrical spacer 124 in between. The rightward
rotation type mxing elenent 122 has a cylindrica
passage tube 125 and a plurality of spiral rightward
5 rotation type first blades 126 provided in the
passage tube 125. The bl ades 126 are forned of a

erfora ed Q t nunbe
B S ST oGP AHE T e e s abeqn 123 is
.. the central part), a first inner cylindrical tube 128
Joingdyity i f GEkErongndsHabed g kEPACEYI i hdbr, | She leftward
di sposed all along the 10 length of first blades 126.
rotathonhé&yprnavizdyici mderealt tiish M sardetprioddieskmlanation is
plurality of spiral rightward rotation type second
omotbkddesak?2% foyradinfca pesfoigs edubdj et had nrg Plurality of
| arge nunber of perforations 130. On the inside of

spirkhe 1RlradRsa12Q Al ont hegent{akt PRI L)ekS 18isSpASRA B4 in the

second inner cylindrical tube 15 131 shaped |'i ke a

pass% E' ﬂﬂ% tashy forr@%ﬂﬁlfg%leﬂ'( ube ]glge J\faer l@ésc‘?:lb '219 rightward

rst 1 nner cyI I nner

rotafybEnd LS Al Ik Ls Brov! OB WA s MBEL ey o

spacer 124 which has the same dianeter as_ the_m xing

a Peaf@ﬁ?@ﬁtedl?évm%@a iHEd'T 07 an2E@Ge THIMERe 9 et Prations 136.
el ement 122. It is preferable that the length in the

On tagi dnsickenter the detades (L85t Hetl gl tasditnal part), a first
direction) of the spacer 124 be 0.1 to 10 tines the

innewhalyd ilrengidalof ciite MBYI ngawelrenepérfd22tidoé ¢ Khabed like a

not limted thereto, the whole |l ength of the
cylinder, is disposed all along the length of the first blades
135, similarly to FIG. 3. In the inner cylindrical tube 137 are
provided a plurality of spiral leftward rotation type seccond
blades 138 formed of a perforated object having a large number
of perforations. On the inside of the blades 138 (at the
central part} is disposed a second inner cylindrical tube shaped
like a cylinder to form an opening 133. Similarly to the first
inner cylindrical tube 137, the inner cylindrical <tube 1s
provided with a large number of perforations. The other end of
the leftward rctaticon type mixing element 123 is Jjoined to a
spacer 124 as described above, and further is Jjoined to a
rightward rotation type mixing element 122 as described above

with the spacer disposed in between, to form the static fluid

mizxer 121. The static fluid mixer 121 includes two mixing
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'elemerl%sat 5.99

spacer 124 can be accordingly selected for use. 29 One
end of the leftward rotation type m xing el enent 123
is joined to the other end of the spacer 124. The
leftward rotation type m xing elenment 123, whose
detail ed explanation is onotted, has a cylindrica
passage tube 134 and a plurality of 5 spiral leftward
pe first.blades .13 rovi-ded, in s
E%ldel%réﬁ IS[’LI:Lﬁ]:LPgr Ieyletmo%nt%h(e)lia ; hoge%gg ngt limited

t
passage”t ube ove-descri be

rightward rotation type m xing elenment 122. The
ther%‘mt‘gﬂdeg 354 e é]diflr{jeo‘%{&er apér £6r LVdShj Bt UAAIPng ta least

| arge nunmber of perforations 136. On the inside of
one {HEIPPadeelIDEt ( at Thife T@RPeal cfartdxing f pdemenys mhegposed,
cylindrical tube 137 having perforations, shaped |ike
rotationybknogtles, retditsiposed raddtiaireng dind teaghhmbert kg blades
first blades 135, simlarly to FIG 3. In the inner
disp&¥éd nglfé Cadcd tddendBy SdreciEdVvigiedise plurality of
spiral leftward rotation type second blades 138

Embé&&&gﬁﬁcﬁ3 perforated object having a | arge nunmber 15
( of per ora?ions. On the inside of the blades 138 (at

nt.ral_part) i.s. dis |_a_secongd. | r_ . .

B ndr g 3 o b SR T e T s tdenal view
opening 133. Simlarly to the first _inner cylindrica

showlige 7SmPRSINAREr AT ndr i%l%b@lﬁgtenﬁroéyﬁ%%{wq hto an
a |l arge nunber of perforations. The other end of 20 )

embodheenef e haklte rorasenh 1YPRN )P ntS edipehed 123 @ sdistillation
joined to a spacer 124 as descri bed above, and

coluhwr therthdd jgeisnéd cdca cohghtwar sppatatieon type dixinglation
el ement 122 as descri bed above

column 139 has & cylindrical casing 140 and mixing elements 14la,
141b, 141c, 141d disposed in the casing 140. The mixing
elements 14la, 141ib, 141c, 141d are locked in a predetermined
position by means of a mixing element supporting tool 142
provided in the casing 140. 2 manhole 143 is formed with such a
structure and dimensions as allow members of mixing elements and
workers to be carried into and out of the casing 140.

In the distillation cclumn 139 thus constructed, an

ascending gas (FA) and a descending 1liquid (FB) in the

distillation column 132 flow as countercurrents in the mixing

element 141, allowing the gas and the liquid to be agitated and
mixed, and so the gas and ligquid are sufficiently contacted. By
applying the distillation column 139 to flash distillation,

steam distillation and so forth, foreign bodies in ligquid can be
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with the spacer disposed in between, to formthe
static fluid mxer 121. The static fluid mxer 121
i ncludes two mxing 30 elenents 122 and one m Xxi ng
el ement 123; however, not limted thereto, a static
fluid mxer may be forned by using at | east one
m xi ng el enent. The nunber of m xing el enents
' se .rot.atign_angl e rotation directions, and
Sepa?%§8§0ng%?l% db?% e%oggeﬁfé%bsed are accordingly
el ected for use, iEnbodinent 13) FIG 17 is a
eI pat t | PEFORGi t GAPREPTY - S6COEHAT vit&y the Ppresent
. showing an enbodi nent when a m xing el enent according
invenpigh aenbedkddgt iof & HEL Priddafiidmvantieh sregipisndd with a
to a distillation 10 colum nethod gas-|iquid contact
gas apparcatysinAtdiestdildtdtlilan iocolasimntl3%Hiah as 1.5 to 5 times
cylindrical casing 140 and mi xing el ements 141la,

the ¥4ibcit4ler lddsvahspased packhegcasi AgdGosBidle, so that
m xing elenments 141a, 141b, 141c, 141d are |ocked in

; d I N Sitd megn a m.xi t -
euiBREELRLARY 1o B AR, IoRR oS, TELEO RIS ou:
ligui nhgggt%ég igffgggggcmﬁtﬂaﬁg%h gheStﬁgCéH£e §§d he column

G mensi ohs "as aF GW enbels™6 nTXi ng sl hent 8- ank

workers to be carried into and out of the casigg 140.,
deCrefSehe ¥ stildtat PBRTEbIGTM Y9 t HOY cBRSPFUEEedO%h 15 made

ascendi ng gas (FA) and a descending liquid (FB) in the

possppldi serd ahicormmBinime il 3dt¢rmws uBP LoaAt EFEUERBASs | hurther,

the m xing elenent 141, allow ng the gas and the
operbitdundlt mabegagiehat éd awrdle easy because of a wide operation

control range. Furthermcre, by replacing packing of a
distillation column already installed, productivity can be
improved with ease. Packing replacement work is made easily via
a manhole. Further, in comparison with a distillation column
using a conventiocnal static mixer, the diameter of an opening of
a mixing element can be made smallest (for example, 50mm or
less), so that gas-liquid ccntact efficiency further improves,
and production of a mixing elemént is facilitated to enable
production and installation in a small distillation column.
Moreover, production of a distillation column of a large
diameter (lm or more) is facilitated, enabling large-capacity
treatment.

{Embodiment 14)

FIG. 18 is a schematic partly-longitudinally-sectional view
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m xed, and so the gas and liquid are sufficiently
contacted. By applying the distillation colum 139 to
flash distillation, steamdistillation and so forth,
foreign bodies in liquid can be 31 separated, refined
and collected. By using a m xing el enent according to
the pr esent invention as packing in a distillation
um, treatment 4938 vel oci in.the .
showfifa ) B eFEROEE PR ke e S o bl Moqqrging to en
vel ocity _of conventional packing. s nmade p033|m
enbog Haent eqfi fREnPTESSTS S CHEPBq dGodP  an ‘absorption
i mprovenent in gas- |iquid contact efficiency nakes
columhe helhpd ofashelgoldmrondasteas®Pag@ttisat opk? atdloprrtion
with | ow pressure loss is made possible, and the

-coluanolfd hissteaplsngpleel decieaskss &udthexindOelements id6a,

oper ati onal managenent is made easy because of a w de

146p0Per 84 0N 1 L0t rAlsgoRRGe. iRUrther NPEeingy 1£Pl acimge mixing
packlng of a distillation colum already install ed,

elenPhPGUGligY ylf(ﬁ?rﬂ bes el MPRQYAd avitié hy ag&4 EﬁCké Ngredetermined

rep acement IS made “easi | y via a rran ol e.

i n_conpari son with a distillati I
pOSlgﬁ?ﬁgquc npg al st@ﬁ?%ﬁ?n>5%ﬁm%q$ & &) %?E#ggf g%Ol 147
opening of a mxing elenent can be de spal | est (f
provédafpts, tBenfrsrng| géé) R lyaki? i ti tOEbT A tH such a

efficiency further inproves, and productlon of a
strugturagastesdmenisg ohacalsi tedtled temiris eof prtirg i obements to

and installation in a small distillation colum. 20
be chbreedetintpr addcbiiono6f thedecstihgal#dnandl wonkefsato go into

| ar ge
and out of the casing 145.

In the absorption column 144 thus constructed, a descending
gas (FA) and a descending liguid (FB) in the absorption column
144 flow concurrently in the mixing element 146, allowing the
gas and the liquid to be agitated and mixed, and so gas and
liquid are sufficiently contacted. By applying the absorption
column 144 to gas absorption, gas cooling and dust removing
operation, foreign bodies in the air can be separated, refined,
collected and excluded.

By applying a mixing element according to the present
invention to packing of an absorption column, treatment with a
gas velocity in the absorption column, which is 1.5 to 10 times

the velocity of conventicnal packing is made possible, so that

equipment costs can be reduced. Further, improvement in gas-
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di aneter (Imor nore) is facilitated, enabling

| arge-capacity treatnent. (Enbodinent 14) FIG 18 is
a schematic partly-1longitudinally-sectional view 32
showi ng an enbodi nent when a m xi ng el ement accordi ng
to an enbodi nent of the present invention is applied
to an absorption colum nethod gas-1iquid contact

[ 4 a
1lqufﬁp§5§£§§g éﬁg%%f%i% rﬁ){ke %Hé”‘}l% éhg iﬁag?é’ cgﬂlrh?aénd the
146d dIS osed in the casi 45. The m xing .
Giangies O 48Dl FA6Ue B ar | GiRbaoPar At bR dEt St ol fbPressuTe
position by nmeans of a m xing el ement supporting too
loss1a3 m3egyiP@sd ibder hengRding i@?s A arhHacel 4819 stess energy
formed with such a structure and di nensions as all ow
consuppbees. of rAuwditigrel ensprtrattiionk0 baacagemedti ni® amdde easy
out of the casing 145 and workers to go into and out
becafket hef casiwgdd 4opehatiba absetpblontrjdlm Fosthbusore, by
constructed, a descending gas (FA) and a descendi ng

replhb@HLd ];(&Ft:a)lﬂcf ble zﬁpSQBEBkBrﬂl@ﬁl UAD urd4 Ak @Way Jﬁnstalled

concurrently in the mxing el ement 146, allow ng t

prod&étggﬁaﬁndca%pe 'qllfr\pq: R%cpewf taéaeg and &ggl’g anpf‘chment

are -su C|en contacte

a the sor.ption olunn 144 to gas, abso
workg 88 ootk (dSiNY Hi % GRATTRE - oot sty ForGrgRTLsen with

bodles in the air can be separated, reflned
an gt oeten asdlewd gy a conventional static mixer, the

diameter of an opening of a mixing element can be made smallest,

so that gas-ligquid contact efficiency improves, and production

of a mixing element of a large diameter (lm or more) 1is
facilitated. Further, an absorption column of a large diameter
(Im or more) can be easily produced, so that an absorption
column which treats large wind amounts (30000m’/Hr or more) can

be made with low cost.

(BRIEF DESCRIPTION OF DRAWINGS)
[FIG. 1] A perspective view of a 90° rightward rotation type

mixing element according to an embodiment of the present

invention;
[FI6. 2] Similarly, a bottom view of a mixing element;

[F1G. 3] Similarly, a partly-enlarged perspective view of a

mixing element;

{FIG. 4] 1A perspective view of a mixing element formed of
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20 By applying a m xing el enent according to the
present invention to packing of an absorption col um,
treatment with a gas velocity in the absorption
colum, which is 1.5 to 10 tinmes the velocity of
conventional packing is made possible, so that

equi pnent costs can be reduced. Further, inprovenent

rlght@agésro§§thbHUtgpgoaaégft efifdeiency r@@%atﬁbe A HMon type
of the colum and di aneter of columm decrease, so

Secoﬁgatbgﬁgégtlg %&&E é gre%%Prembo I% naq? 'the present
poss ena ss “Wor K space an €SS energ
onsunpti on. Further oper ati onal managenent is made
lnve%% 5975 because of a wide operation control range.
Furthernore, by replacing packing of an absorption
[ FIGol Grin & rpevspéatsted | edew mriocucBd¥i fpfeanrbe rotation type
i mproved with ease. Packing replacenment work is nade

mixiﬁ%s'éYeMéﬁta J80HRE Eng FUEL heLn | DrCOAPRLASONL M thhe b resent

sorption col um u3|ng a conventional static m xer,
inve%@fo&o di aneter of an opening of a m xing el enent can
made smallest, so that gas-liquid contact
efficjency inproves, and production of a mxing.
lFI@reréejn Stmalpathe di dPRYSPECTHY®r VdBie)of sa mixing element
facilitated. Further, an absorption colum of a |arge

- formed aret et efElvarar Jfﬁi)lfa?ﬁi@ran Wpeeagh byt pradiaad, 284 tPddhtward

an absorption 15 columm which treats | arge w nd

rota BNt $pé 390000 {1 Koy nore) can be made with | ow
cost. RI EF DESCRI PTI ON OF DRAMVNGS) (FIG 11 A

[ FI%(?rsgeft | Ven“explana%o?:?r ¥r|1 W V\sﬁlgwir% ataI ogrggg—section of

rightward rotation type mixing according to an embodiment of the
present invention;
[FIG. 8] A perspective view of 15° rightward rotation type

mixing elements according to an embodiment of the present

invention;
[FIG. 9] A perspective view of a mixing element wherein four

mixing elements made of 15° rightward rotation type blades are

stacked, according to an embodiment of the present invention;
[FIG. 10] sSimitarly, a perspective view of a mixing element

wherein three 30° rightward rotation type mixing elements

stacked;
[FIG. 11] simiiarly, a perspective view of a mixing element

wherein three 60° rightward rotation type mixing elements are
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m xi ng el ement according to an enbodi nent of the
present 20 invention; [FIG 21 Simlarly, a bottom
view of a mixing element; FIG 3 1 Simlarly, a
partly-enl arged perspective view of a mxing el enent;
FIG 4 A perspective view of a mxing elenment forned
of 34 rightward rotation type first blades and

+ CIef;ward rotation type second bl ades according to an

stackeiodi nent of the present invention; FIG 5 A
perspective view of a 900 leftward rotation type 5

[Flﬁixﬂﬁa el Eietamlecor di RgrEFeshigRbIdiaten?t of FH&Ing element
present invention; FIG 61 Simlarly, a perspective

wher¥igWt@kea Mod Ngigherenll rearednoft el t Wakdngotedeemts are
type first blades and rightward rotation type second
stacpéégeS; 10 FIG 7 An explanatory view show ng a
cross-section of rightward rotation type m xing
according to an enpodi nent of _the , present inventiqn; .
(r1gralsg A FSREBET Ve FPEBRE5 IR ral OF ofati e Lo Tluid
type mxing elenents according to an enbodi nent of
mixethespngsentmixliig nvbestéon; afEbBlivg Acopemns padtddimeritevpf the
of a mxing elenment wherein four mxing el enments nmade
pres8ht 1dnvéhghbMpard rotation type bl ades are

.[FIG. 14] Similarly, a sthematic.partlyusectional gside wview of
a static fluid mixer;

[FIG. 15] Similarly, a schematic partly-sectional side view of
a static mixer;

[FIG. 16] A schematic longitudinal section perspective view of
a static fluid mixer according to the present invention;

[ F1c. 17 ] A schematic partly-longitudinal-sectional view
showing an embodiment when a mixing element according to the
present invention is applied to a distillation column method
gas-liquid contact apparatus; and

[FIc. 18] Similarly, a schematic partly-longitudinal-sectional

view showing an embodiment when a mixing element according to
the present invention is applied to an absorption column method
gas-liquid contact apparatus.

(DESCRIPTION OF REFERENCE NUMERALS)

1,10,20,29,38,47,54a,54b,54c,54d,63,64,643,64b,64c,73,73a,73b,73
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stacked, according to an enbodi nent of the present
invention; [ FIG 10 1 Simlarly, a perspective view
of a mxing element 20 wherein three 30" rightward
rotation type mxing elenments stacked; FIG 11°
Simlarly, a perspective view of a m xing el ement
wherein three 60" rightward rotation type m xing

c, 826é§£ﬁ@£§ € 9328t agketiy FH 412 f%%&”fﬁiy 1fic,141d, 1462,

erspective View of “a 'm xi'ng el enent erein three

r rotation type mxing elements are stacked;
146b i?€$2?£€%1 A schematic sectional side view of a

static fluid mxer using a m xing el ement accordi ng
: MIXENGQEEEWBUT ment of the present invention; [FIG 141

Simlarly, a schematic partly-sectional side view of
2,11g2at B0, BPufd, hbxeb; 7408} A1%>,1%4 Sinilarly, a
schematic partly-sectional side view of static
PAREX@E; TPBEG 161 A schematic | ongitudinal section
per spective view of static fluid m xer according to

3,121 P2, PoESENEel NYERLI 98, 164 G1d/1Asschematic
partly Iongltudlnaf sectlonal view 15 show ng an

Rﬁ%ﬁrﬁombﬁ flemiy@according to the

present invention is applied to a distillation colum

s, 16ME5N0 59383! HULY, 6gnigst, apparatus; and

: RIGHTWARD ROTATION TYPE SECOND BLADES

31,40,135 : LEFTWARD ROTATION TYPE FIRST RBLADES

25,34,116,138 : LEFTWARD ROTATION TYPE SECOND BLADES
5,14,24,33,42,50,58,68,77,86,97,105,115,128,137 : FIRST 1INNER
CYLINDRICAL TUBE

8,18,27,36,45,52,61,71,80,89,99,107,117,131 : SECOND INNER
CYLINDRICAL TUBE
4,7,13,15,17,19,23,26,32,35,41,44,57,60,67,70,76,79,8%,88,127,
130,132,136 : PERFCRATIONS
9,28,37,46,53,62,72,81,50,100,108,118,133 : OPENING
91,101,111,121 : STATIC FLUID MIXER

92,102,112,140,145 : CASING

95,110,120,124 : SPACER

109,119 : SPACE PORTION

139: DISTILLATION TOWER

144: ABSORPTION TOWER
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(FIG 181 Simlarly, a schematic

partly-1ongitudinal -sectional view show ng an

enbodi ment when a nmi xing element according to 20 the
present invention is applied to an absorption colum
met hod gas-liquid contact apparatus. (DESCRI PTION OF
REFERENCE NUVMERALS)

1, 10, 20, 29, 38, 47, 54a, 54b, 54c, 54d, 63, 64, 64a, 64b, 64c, 73,
73a, 73b, 73 36

142,ﬁaﬁﬁzgﬁg%ﬁgQQ%%QF%%égfiigg,ﬁ}iiﬁégétéﬁﬁﬁ$la,141b,141c,

2 11 21.30, 39, 48. 55 65, 74, 83, 125, 134 5 PASSAGE TUBE
143, K48 WONBLEG 66 75 84, 96 104, 114, 126 Rl GHTWARD

ROTATI ON TYPE El RST BLADES

6, 16, 43, 51, 59, 69, 78, 87, 98, 106, 129 Rl GHTWARD ROTATI ON

TYPE SECOND BLADES 10 31, 40, 135 : LEFTWARD ROTATI ON

TYPE FI RST BLADES 25,34 116,138 : LEFTWARD ROTATI ON

TYPE SECOND BLADES

5. 14, 24, 33, 42. 50, 58, 68, 77, 86, 97, 105, 115, 128, 137 FI RST

I NNER CYLI NDRI CAL TUBE

8,18, 27. 36, 45, 52, 61, 71, 80, 89, 99, 107, 117, 131 SECOND

INNER 15 CYLI NDRI CAL TUBE

4.7 13, 15,17, 19, 23, 26, 32, 35, 41, 44, 57. 60, 67, 70, 76, 79, 85

88 127, 130,132, 136 : PERFORATI ONS
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9, 28, 37, 46, 53, 62, 72, 81, 90, 100, 108, 118, 133 OPENI NG
91,101, 111, 121 : STATIC FLU D M XER 20
92,102, 112, 140, 145 : CASING 95, 110, 120, 124 : SPACER
109, 119 : SPACE PORTION 139: DI STILLATION TONER 144:
ABSORPTI ON TOAER 37 142, 147: SUPPORTI NG TOOL 143, 148:
MANHOLE 38 CLAIMS 1. A mixing elenent conprising: a
cylindrical passage tube ¢txoegh which fluid flows;
spiral first blades of rightward rotation (in the

£ apkw diepehkondoRs - efhyard rotatingn 2101 BakBfge tube

count ercl ockw se direction) provided in said passage

tﬂyggéhawgkrﬁtfh%ﬁ rf@gigghééﬁ%afu?§5g£5@ﬁ%%%£ #igaghtward
axi a cent'er "port’ion of ‘sal iTsS ades; spira
second bl ades .of i ghtward rotation or Ieft£$

L rd :
r?B?E&?%n(&Poﬁﬂﬁédcﬂﬁgggﬂae1@%%ﬁcﬁ¥m@r 2§l ilfdrvege rotation
tube; and a second inner cylindrical 10 tube di sposed
(in £he sruarezeppekvpset démestion) d Pseddwgd bimdexsid Passage
A m xing el ement according to claim1, wherein said '
thbest a Miades anmeforpddndfriaapertfulreat @tdspbfedt ior the axial
por ous obj ect.
center portion of said first blades; spiral second blades of
rightward rotation or leftward rotation provided in said
first inner cylindrical tube; and a second inner cylindrical
tube dispecsed in the axial center portion of said second

blades.

A mixing element according to claim 1, wherein said first

blades are formed of a perforated obiject or a porous object.

A mixing element according to claim 1 or 2, wherein the
rotation angle of said first blades is in the range of

approximately 5° to 270°.
A mixing element according to any one of claims 1 to 3,
wherein said first inner c¢ylindrical tube is formed of a

perforated object or a porous -object.

A mixing element according to any one of claims 1 to 4,
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10.

15 3. A mxing elenent according to claim1l or 2,

wherein the rotation angle of said first blades is in

the range of approximately 5 to 270. 20 4. A m xing

el enent according to any one of clains 1 to 3,

wherein said first inner cylindrical tube is fornmed of

a perforated object or a porous object. 5. A m xing

t .acgordi t : i tq 4,45
R ETET 2050 ALY (Al PR Rl TRube' A iclhesyt alons
on all or.part of the length of .said. first hlades .

2fh PRePREFalE Qi oferToctf oReHordor s SI6SER il axial
el enent according to any one of clains 1 to 5,
CﬂhE?éiﬁl§%?ﬁl%%cghﬂr%@%des are forned of a perforated

object or a porous object. 7. A mxing el enent

according to any one of clains 1 to 6, 10 wherein the
rotation angle of said second blades is in the range

f mapprgXidiamdn: Satoo2ddng8.toA ah)i rtheel efertlaims 1 to 5,
according to any one of clainms 1 to 7, wherein said

wheeand kRNEr se¥bhBdL16&kst WRR I fdedk of Berddrated object
perforated object or a porous object. 9. A m xing

| c ' to any one of clainms 1 to 8,
Oﬁh%?éﬁkoggigﬁiégghd i nner cylindrical tube is disposed
along all or part of the length of said second bl ades
in the axial

A mixing element according to any one of claims 1 to 6,

wherein the rotation angle of said second blades is in the

range of approximately 5° to 270°.

A mixing element according to any one of claims 1 to 7,
wherein said second inner cylindrical tube is formed of a

perforated object or a porous object.

A mixing element according to any one of claims 1 to 8,
wherein said second inner cylindrical tube is disposed along
all or part of the length of said second blades in the axial

center direction thereof.

A mixing element according to any one of claims 1 to 9,
wherein said second inner cylindrical tube has an opening in

the axial center portion thereof.
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20 center direction thereof. 10. A m xi ng el ement

according to any one of clains 1 to 9, wherein said
second inner cylindrical tube has an opening in the
axial center portion thereof. 40 11. A m xing el enent
according to any one of clainms 1 to 10, wherein said
m xing el ement is formed of rightward rotation type

11. f‘A' fxﬁxfﬂgﬂdéﬁéeﬁ%t' ekbwandngotal | oAyt vpe Scﬁﬁcoé‘ﬁaﬂh@dﬁs to 10,
12. A n1X|ng el enment accordi ng to any one of clains

W%* i 3§ ?&E}f%%ﬂ%ﬁ? Fgé‘ﬁéﬁanﬁ iy roration

S oHLER, YES2E"SRE BLPCES:a e AR S ST, s

four of said m xing elenents of approxi mately 15
rightward rotation or leftward rotation are joined
together to obtain said mxing el enent having a
5 12. Potwitiong aadksent agpprdingatisd yas9. obe ki Alaixsng to 10,
el enment according to any one of clains 1 to 12,

whHBEeE h N sbideanDf 1151 @18h%hD0 18 epenhéd ob faprfxidrt etytation
30 rightward rotation or leftward rotation are joined

t{pget et xspaggsaaadSﬁiahmzﬁagr@ém 4 Ng@nd blades.
rotati on angle of approximately 90. 20 I A m xi ng

el enent according to any one of claims 1 to 12,
wherein three of said m xing el enents of apprOX|nater

% mixing element according to any one of claims 1 to 12,
10 wherein four of said mixing elements of approximately 15°
rightward rotation or leftward rotation are joined together
to obtain said mixing element having a rotation angle of

approximately 60°.

15 14. A mixing element according to any one of claims 1 to 12,
wherein three of said mixing elements of approximately 30°
rightward rotation or leftwa;d rotation ar.e_joined together
'..‘tor- obtain said mixing eleméht Héving é rotaﬁion angle of
‘approximately 90°.

20

15. A mixing element according to any one of claims 1 to 12,
wherein three of said mixing elements of approximately 60°
rightward rotation or leftward rotation are joined together

to obtain said mixing element having a rotation angle of
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rightward rotation or leftward rotation are joined
together to obtain said m xing el enent having a
rotation angle of 41 approximtely 180. 16. A m Xxi ng
el enment according to any one of clains 1 to 12,
wherein three of said m xing elenments of approxi mately
90 5 rightward rotation or leftward rotation are
aF§E%§ﬂm%ng qigol0 Obtain said mxing el ement having a
tation angle of  approximately 270. 17. A m Xxing
el ement according to any one of clains 1 to 16, 10
wherein one or nore said inner cylindrical tubes are
di spposed in said mxing element. 18. A static¢ fluid
16. f xBLXLBAPS ISR o REATHAIE §8i @7 X3BRy CEI &deAls. Lsto 12,
19. A static fluid m xer conprising said mXxing
vhlegedm stlofee r pghtasddd mixing oplangntef taffr appoeainerely 90°
alternately disposed in a cylindrical casing with
ripgaterasd nrdeitiesn. o201 28twArgdas-dtapiich cord ag¢dined together
apparatus conprising one or nore said mxing elenents
tdi speegini A i Bikihgt iORHWUMaFRHB0G: @asakiaHi thngle of
contact apparatus through which fluids flow as

a%%%%%ﬁ&%%%ﬁgﬂb%ﬂo42 21. A gas-liquid contact apparatus
nprising one or nore said

17. A mixing element according to any one of claims 1 to 16,
wherein one or more said inner cylindrical tubes are disposed

in sald mixing element.

18. A static fluid mixer comprising one or more said mixing

elements.

19. A static fluid mixer comprising said mixing elements of
rightward rotation and leftward rotation alternately disposed

in a cylindrical casing with spacers in between.

20. A gas-liquid contact apparatus comprising one or more said

mixing elements disposed in a distillation column method

gas—-liguid contact apparatus through which fluids flow as

countercurrents.
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m xi ng el ements di sposed in an absorption colum

nmet hod gas- |iquid contact apparatus through which

liquids flow concurrently. 43 ABSTRACT OF THE

DI SCLOSURE A m xing el enent, which is produced at | ow

cost, has high mxture agitation effectiveness, and is
easily nmade large, and a static fluid m xer using the

Al 4aRg 19l RARN o1& ¥ Qb glesh + F4Ir EBRPri i 8@Sohkd¥ird more said
treatment apparatus with high treatnent ability is

id L X L4k ; [ . i, ndri

e ety PR R AR At P, SRl dffinod gas

of spiral _rightward rotation_type first .bl,ades.3 .
1E8HRd GO 45 1 ofRPBASGAFect SOURTER arigfou Beduie  flow

t he passage tube 2; a first inner cylindrical tube 5
C%%%E%HemFE%-a cylinder and di sposed inside the bl ades

3; a plurality of spiral rightward rotation type

bl ades 6 provided in the inner cylindrical tube 5; and

an opening 9 forned in the axial center portion of the

blades 6. A static fluid mxer is fornmed by using at

| east one m xing elenent 1 nentioned above.
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ABSTRACT OF THE DISCLOSURE

A mixing element, which is produced at low cost, has high
mixture agitation effectiveness, and is easily made large, and a
static fluid mixer using the mixing element are provided.
Further, a gas-liguid treatment apparatus with high treatment
ability is provided. A mixing element 1 includes: a cylindrical
passage tube 2 through which fluid flows; a plurality of spiral
rightward rotation type first blades 3 formed of a perforated
object, which are provided in the passage tube 2; a first inner
cylindrical tube 5 shaped like a cylinder and disposed inside
the blades 3; a plurality of spiral rightward rotation type
blades 6 provided in the inner cylindrical tube 5; and an
opening 9 formed in the axial center portion of the blades 6. A
static fluid mixer is formed by using at least one mixing

element 1 mentioned above.
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