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. DESCRIPTION MIXING ELEMENT AND STATIC FLUID MIXER USING
THE SAME TECHNICAL FIELD The present invention relates to an

“improvement on a mixing 5 element used in a static fluid mixer which
mixes one or more kinds of fluids (liquids, gases, solids or mixtures of
these) without a mechanically movable part. Static fluid mixers of this kind
are used in mixture, agitation, extraction, distillation, gas absorption,

solution, 10 diffusion, emulsification; peatgxchange, dispersion,
particulate mixture and the like. Further, static fluid mixers are used in

many-figlds-sushmas chemisabindustit papef:and PUIENGYSEYE saME

petrochemical industry, pharmaceutical industry, semiconductor industry,

TrcrN 1eoptigakfiher manufacturing industry, energy industry and
environment-related industry. . For example, a static fluid mixer is used as

mackingioan exhaustigasfreatment appayatis of asr-akegrptien salumMnixing
method in which harmful substances in exhaust gas such as Hcl, NH3,

elemeNOR: 2080, Siclds Silel3, SiFd: §OZ: He anddioxin undergo gas-liguid more

contact, or in a dust removing apparatus which traps and collects SiO2,
kindsMigropatticles:suchiag,seof and £ust in exhbausts gas: and it axbstillationt hese )

apparatus. Further, a static fluid mixer is used as an apparatus for
withol@Mevingand £oleating movable part.

Static fluid mixers of this kind are used in mixture,
agitation, extraction, distillation, gas absorption, solution,
diffu=ion, emulsification, heét exchange, dispersion,
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 industzry,
optical fiber manufacturing industry, energy industry and
environment-related industiry.

For example, a static fluid mixer is used as packing in an
exhaust gas treatment apparatus of an absorption.column method
in which harmful substances in exhaust gas such as Hcl, NHM3, NO4,
S0., Siclys, SiHecls, SiF., CO,, Hg and dioxin undergo gas-liguid
contact, or in a dust removing apparatus which traps and
collects $i0., microparticles such as soot and dust in exhaust

gas, and in a distillation apparatus. Further, a static fluid

mixer is used as an apparatus for removing and collecting



1 organic chlorine-based chemical compounds, ammonia (NH4+) and the
like, in which discharged water undergoes diffusion treatment.
BACKGROUND ART Patent application for a mixing element and a static
fluid mixer using the element of related art have been made by the
inventor, in which two or four right-twisted/left-twist bl4Js are disposed in
a passage tube. The static fluid mixer has an. opening at its central part
and the edges of right-twist4pd and left-twisted blades thereof are
alternately disposed at right angles to each other with space portions in
between. Further, twisting angles of the blades are 90, 180, and 270.
Further, the production method of the static fluid mixer includes a
process of dividing a passage tube into several parts in the longitudinal
direction and joining two or four blades to an inner wall portion of the
passage tube divided and a process of joining together the divided

orgarstfaces:of the pagsagestube, {referto, fergxamples Japangse Published:)  znd
Patent Application No. H5-168882) Next, a production method of a mixing

the element havipg bladesywhigh are proyided inside a cylindrical passage; ffusion

tube f[o form a 2 plurality of fluid passages that are continuous with an
t rea ©REAKIY
BACKGROUND ART

Patent apélicaﬁion for a mixing elemént and arsiatic fluid
mixer using the element of related art have been made by the
inventor, in which two or four right-twisted/left-twisted blades
are disposed in a passage tube. The static fluid mixer has an
opening at its central part and the edges of right—twisﬁad and
left~twisted blades thereof are alternately disposed at right
angles to each other with space portions in between. AFurther,
twisting angles of the blades are 90°, 180°, and 270°. Further,
the production method of the static fluid mixer includes a
process of dividing a passége tube iﬁté sevéral~parts in the
longitudinal direction and joining twoe or four blades to an
inner wall portion of the passage tube divided and a process of
joining together the divided surfaces of the passage tube.

{rafer to, for example, Japanese Published Patent

Application Neo. H5-168882)

Next, a production method of a mixing element having blades

which are provided inside a cylindrical passage tube to form a



in between is explained. Regarding the mixing element, the passage tube
and the blades are produced separately and are joined to produce the
mixing element. Twisting angles of the 2/1 mixing element are 90, 1800,
270 and 360. (refer to, for example, Japanese Published Patent
Application No. H7-284642) Further, the mixing element is formed of a
plurality of spiral blades provided in a passage tube, without the blades
provided_at the central part of the

ro L INE passage tube, and inner cylindrical e
pluralifes &6 didpbsedRa Tiehs inthe p%lr‘%ewr?e?rel%ﬁél blac eswaxré%ngtg opening

, provided, so as to enhance mechanicglﬁ.strenq_f%.eThe ir}gt%tion andlesof ;o

in bah¥pitesdre SFBNG I8 or 30 U5 and A35: (refer to. for example, '
Japanese Published Patent Application No. 2001-170476) Further, the

Pas3a‘ﬁﬁxiﬁdﬁé’lﬁméﬁﬁncﬁ}bees:b&r‘?gé)t%r'@yﬁ%dr'r%glo ﬁlb%?%lagee %}Ff(';év%g&z in %Iule are

. outer cylindrical tube, and inner c?indric,glt es rovided at-intervals sq
joinegdst@ phRidR Hesk bldted iR the biter cylindrical fube® (feter to, for
example, Japanese Published Patent Application No. 2001-187313)
~ Regarding a mixing element of related art, it is necessary due to the
difficulty in terms of production to enlarge the cross-sectional 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.
For that reason,
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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 3 equipment costs become high.
Furthermore, if a mixing element of a large diameter (internal diameter of

., 1000mm or more) is produced,. production., becomes, ypRossip) -
mixing e 2§ EHSadd r?taggegthatrgﬁ( uré ar{? Hagitgt%%ef@eﬁcy gfreﬁlnls esOr OF
reatly, Further, itis_i

ible far the mixi ; i
ccangIEE e, (ppesale o o g et i be dspost v

ready instal ecause members

thereof are large. Moreover, when_a mixing glement of all rotati :
Furt e (foF e%&r%bfle? aﬁp%%%?rﬁlvéteﬁlslo%]?srg%) u::ge% é;hopa&sﬁglndc: —tﬁgg?m%(?ngsmral

element can be provided as packing in a distillation_.column al .
bladggsRmsy Jv&?ﬁ& ér?abfés%ﬁhé)%%ﬁo i %IR%% prl‘cﬁ‘é A provided

- fmance and uctivity to be
obtained. [Patent Literature_1] Japanese Pu%lisg d Patent ication B -
at thgSE1sR Pgt%ﬁ%utoegratﬁ%l]eeZ fasp%an%ge U %heﬁatﬁ%gpl%%gﬁ arieal
tubegg%ﬁg:t%??sggégatggt Jlilrtl%rea%%raelsaj Jiagagﬁ%e SEQL&SW&@‘QP& blades are

not provided, so as to enhance mechanical strength. The

rotation angles of the blades are 90° and 180°, or 30°, 45° and

135°, (refer fo, for example, Japanese Published Patent

Zpplication No. 2001-170476)

Further, the mixing element includes: an outer cylindrical

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. (refer to, for example,

Japanese Published Patent Application No. 2001~-187313)

Regarding & mixing element of related art, it is necessary
due to the difficulty in terms of production to enlarge the

cross-sectional 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. For that reason,

there 1s a disadvantage that the effectiveness of mixture and
agitation diminishes, because fluid flows in an opening, that is,

a2 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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H7-80279 [Patent Literature 4] Japanese Published Patent Application No.
H7-284642 [Patent Literature 5] Japanese Published Patent Application
No. 2001-170476 4 [Patent Literature 6] Japanese Published Patent
Application No. 2001-187313 [Patent Literature 7] European Patent No.
0678329 [Patent Literature 8] US Patent No. 5,605,400 [Patent Literature
9] US Patent No. 6,431,528 [Non-patent Literature 1] S.J. Chen et al.
., "STATIC MIXING HANDBOOK" Chemical Research Institute, published
equipPSTine™f67F S [N5FPatert 13tature 2] Kiichiro Matsumura, Yasushi

FMorishim_a et al. 'STATIC MIXER - FUNPAME%TAL AND . _ iy .
ABPHITRTORS" Nikkart KIgy8-SHimbGR-Ltd-: published on September

ember
) 30, 1981 DISCLOSURE HE INVENTION (Problems to be.Sol .
(intehpahventishfAS Feggrdsgd:&;gﬁﬁlg SEMBRE&Hd 4 Static ug% ?n‘z‘(\-%i(é(r)t}il3 Fhction

sing
the mixing element in related art, since mixture and agitation,, efficie
becongihiniShes as e diafféter o mixifg et et it??%%c@%%%‘;}re =nd
to increase_an amount of time w [ i ' . :
agitalﬁ?e?@for&%ﬁfn@&ﬁ%os xmlnr]les et;lgldsg%{%&%%q and ag'g%tcekgér, it  1is
impossible for the mixing element to be disposed as packing in a

distillation column already installed, because members thereof
are large.

Moreover, when a mixing element of a smail rotation angle
{(for example, approximately 10°) is produced and used, the
mixing element can be provided as packing in a distillation
column already installed, which enables high performance and

high productivity to be obtained.

[Patent Literature 1] Japanese Published Patent Application No.

S58~128134

[Patent Literature 2] Japanese Published Patent Zpplication No.

H5-168882

rPatent Literature 3] Japanese Published Patent Zpplication No.

H7-80279

[Patent Literature 4] Japanese Published Patent Application No.

H7-284642

[Patent Literature 5] Japanese Published Patent Application No.

2001-17047¢



become high. In addition, production and assembly become difficult as a
diameter becomes large, and so tool costs become high as well. Further,
it is impossible to use as packing in distillation columns already installed,
because of the size of members and performance-related aspects. Also,
similarly, it 5 has been impossible to be used as packing in an f\bso;:o.tion
[ Pategslubid %%*aaws@an&dﬁf@rfﬂ?eﬁinB‘%QHg‘e%%dvo%&Rﬁ%Fgﬁuﬁﬁgr, Hiarge"
gas-liquid contact interfacial area, a high-performance liquid distribution
2fifhEtid R, 'arida wide operation control range under low pressure loss
have been demanded regarding a distillation_colu ing.packing, (refer
EPatef@)’?f&%ﬁ?ﬁé?%p%%@érﬁﬁﬁl%eaaﬁﬁféht%\%pli?agi—gi 0. H7-080279)
As volume of exhaust gas generated from inciggr?gzg, vessels,. power
r suc

[Patepihntsidrirdiedke Bl bbtreztédbecoies targe; advantages as high

performance, less working space, less energ con%%ption and less cost

[PategFanthbSsrbtisAT oMM UsetiRExhBbst Jds treatRfeht apparatuses are
desired. (Means for Solving the Problems) In accordanpg with\gﬁ C MIXING
g elemen

[Non-Rpeefsf thegrésaitinentivh, fhefe is prividedd mik

comp’rising: a cylindrical passage tube through which fluid flows; spiral
HANDBpétblades of rightward rotation or leftward rotation provided in said

assage tube; a first inner cylindrical tube djsposed in the,axial
ghemf%al Research Ingéitute, puéﬂigheg in June 1973

NG.

[Non-patent Literature 2] Kiichiro Matsumura, Yasushi Morishima
er al. “STATIC MIXER - FUNDAMENTALS AND APPLICATIONS”

Nikkan Kogyo Shimbun, Ltd., published on September 30, 1881

DISCLOSURE OF THE INVENTION
{Problems to be Solved by the Invention)

As regards & mixing element and a static fluid mixer using
the mixing element in related art, since mixture and agitation
efficiency diminishes as the diameter of a mixing element
enlarges, it is necessary to increass an amount of time when
fluids are mixed and agitated. Therefore, egquipment COStTS
become high. In addition, production and assembly become
difficult as a diameter becomes large, and so tool costs become
high as well. Further, it is impossible to use as packing in
distillation columns already installed, be;ause cf the size of

members and performance-related aspects. Also, similarly, it



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 disposed in the axial center portion of
said second blades, wherein said first blades and said second blades are
%)rmed .of aogerfgiaeteggb%eé:t Qr.a porous opggct. Embodiments of th$

pfee%%n%r?ﬁven?i]én may provide, a mixmsg gae erﬁgﬁt iﬁ%vrﬁgh ﬁlg%or]ﬁ]& l}r%n column

efficiency is obtained, production_thereof is facilitated, and praduction
Lo P B g SR ARRRb Y heH Aot e 3 1aras
_gas:liquid contact _apparatus_ of a large diameter (Im_or more) of the o
25~ lon Calumr et of BhcorDio SOk mathGH iy 56 prAGS -7
dist%ﬁl”ER%%mP@r}%Qﬁ%‘ﬁ,prS%%“é”V$EH8”-o Elfect of the IWenion) +ange  under
Embodiments of the present invention may further provide a mixing
low .%J?ggeé‘&%’é‘er%.%%"'qﬁg&g”%a&ﬁme '%Qﬁéggg%ed Wi e 5 gistillation
improvement in mixture and agitation efficiency. urth r, since the
1ulteduction;is facilitated, production gosts may be, 1 gli%%d%% lese Published
e uFurther, tk%esgroductign ofgd(%sti lation column or a% orption c%%rﬁr?e HhLesae
patof@ving glarge diamete; may be,sipplified., BRIEF DESGRIPTION Q51 yas
DRAWINGS (BRIEF DESCRIPTION OF DRAWINGS) [FIG. [ A

geneg%@gsc@/fo\ﬂe‘{\{@éﬁ%@QQ'@H‘@!d (%QE%QEYPG power plants and the like

has

to be treated becomes large, such advantages as high performance,
less working space, less energy consumption and less cost of an
absorption column used in exhaust gas treatment apparatuses are
desired.

{Means for Solving the Problems)

In accordance with a first aspect of the present invention,
there 1s provided a mixing element comprising: a cylindrical
passage tube thrcough which fiuid flows; spiral first blades of
rightward rotation or leftward rotation provided in said passage
tube; a first dinner cylindrical tube disposed in the axial
center portiocn 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
disposed in the axial center portion of said second blades,
wherein said first blades and said second blades are formed of a
perforated cbject or a porous object. Embodiments of the present

invention may provide, a mixing



mixing element according to an embodiment of the present invention;
[FIG. 2] Similarly, a bottom view of a mixing element; [FIG. 3] Similarly, a
partly-enlarged perspective view of a mixing element; [FIG. 4] A
perspective view of a mixing element formed of rightward rotation type
first blades and leftward rotation type second blades ac?rding\%o an

L hbodimehi-of the preseRt ivention: fEIG: 51 A petspBAtvE Vigw Graouction

therQ%%eft\{vardFroéatior}té}/ge mixing, element accordlneg to an emhodiment of

tha'prégent dvention: (FIG. B1-SimMN& G perapeciive vig of A mixikg t¢*r 2

.. .element formed of leftward rotation type first blades and rightward
N Y/88 SoSH Baaed | FIGL 75 AREXPIR Rty Siol Shomif e concact

cross-section of _rightward. rotation type mixing according to C o :
“PPeeh Baim%ﬁt 6f t nggr%s%ﬁrﬁ\%rﬁi%n;‘?ﬁGp §]g A 85%%e§t%ve%vgeew %{%fgll}”atlon

rightward, rotation type mixing elements according to an_ embadiment of .
o e ConE IR G X el YW b1 Mg Hlomahe v Led by

emn QHSIEIR 00 ixino glements miade ot 18 rightward rotation type blades

(Effect of the Invention)

Embodiments of the present invention may further provide a
mixing element where gas-liguid contact time will be reduced with
ghe improvement in mixture and agitation efficiency. Further,
since the production is facilitated, production costs may be
reduced as well. Further, the production of a distillation celumn

or absorption column having a large diameter may be simplified.

BRIEF DESCRIPTICN COF DRAWINGS

(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;
[FIG. 2] Similarly, a bottom view of a mixing element;

[FIG. 3] Similarly, a partliy-enlarged perspective view of a
mixing element;
[FIG. 4] A perspective view of a mixing element formed of

rightward rotation type first blades and leftward rotation type

second blades according to an embodiment of the present



* stacked, according to an embodiment of the present invention; [FIG. 10]
Similarly, a perspective view of a mixing element wherein three 30
rightward rotation type mixing elements stacked; [FIG. 11] Similarly, a
perspective view of a mixing element wherein three 60 rightward rotation
type mixing elements are stacked; [FIG. 121 Similarly, a perspective view
of a mixing element 7/1 wherein three 90 rightward rotation type mixing
_ elements are stacked; [FIG. 13] A schematic sectional side view of a
1nvengiie fluid mixer using a mixing element according to an embodiment of
the present invention; [FIG. 14] Similarly, a schematic partly-sectional
[ F1Gsidé ViewPof restane fitidvmixei:qFIG L5ESifNary, afschendaticotation type
partly-sectional side view of a static mixer; [FIG. 161 A schematic
mixinlpngétdinaksectian perspectivetview afi a statioflumdemixer acordirg tpresent
the present invention; [ FIG. 17 ] A schematic partly-longitudinal-sectional
inventiewn showing an embodiment when a mixing element according to the
present invention is applied to a distillation column method gas-liquid

[ Ficcontadt apparatusi:ang, = perspective view of a mixing element

formed of leftward rotation type first blades and rightward
rotation type second blades;

[ ric. 71} An 'eiplanatory view showing a cross~séctioﬁ' of
rightward rotation type mizxing according to an embodiment of the
present invention;

[ FIG. 8] 2 perspective view of 15° rightward rotation type

mixing elements according to an emboediment of the present

invention;

{FIG. 9] A perspsctive 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;
[Fzc. 10] similarly, a‘perSpective view of a mixing element

wherein three 30° «rightward rotation <type mixing elements

stacked;

[F1c. 11] Similarly, & perspective view ¢of a2 mixing element

wherein three 60° rightward rotation type mixing elements are

stacked;

[F1c. 12] Similarly, a perspective view of a mixing element

7/1



[FIG. 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,63,64,64a,64b,64c,73,73a,73b,73
c,82,82a,82b,82c,93,94,103,113,122, 123,1414a,141b,141c,141d,146a,
146b,146¢,146d 7/2 : MIXING ELEMENT

wheredm | SIS 3PS 55,6574'634 25,234 -ISASSABE TUBERY elenents are

3,12,22,49,56,66,75,84,96,104,114,126 RIGHTWARD ROTATION TYPE
stackefRST BLADES 6,16,43,51,59,69,78,87,98,106,129 : RIGHTWARD
ROTATION TYPE SECOND BLADES 31,40,135 : LEFTWARD
[ FIGROTATIOR TYPEMIRST BEADES DB13451KEe1 6L SrEEfWARDLatic fluid
ROTATION TYPE SECOND BLADES

mixer514 245334 250, 5858778697, 1051151128 13D FIRS ENNERent of the
CYLINDRICAL TUBE 8,18,27,36,45,52,61,71,80,89,99,107,117,131
preseBECONRANNER CYLINDRICAL TUBE

4,7,13,15,17,19,23,26,32,35,41,44,57,60,67,70,76,79,85,88,127,
[r16130,432, 186+ iREREQRATIONSmat ic partly-sectional side

view of
a static fluid mixer;

[FIc. 15] similarly, a schematic partly—sectional side view of
a static mizer;

[F1G. 16] 2 schematic longitudinal section perspective view of
a static fluid mixer according ﬁo the present invention;

[ ric. 17 ] A schematic partly-longitudinal-sectiocnal view
showing an embodiment when a mizing element according to the
present invention is applied to a2 distillation column method
gas-liguid contact apparatus; and

[F1c. 18] Similarly, a schematic partly—longitudinalwsectional'
view showing an embodiment when a mixing element according to

the present invention is applied to an absorption column method

gas-~liquid centact apparatus.
(DESCRIPTION OF REFERENCE NUMERALS)
1,10,20,29,38,47,54a,54b,54c,544, 63, 64, 64a,64b,64c,73,73a,73b,73

c,82,82a,82b,82¢c,53,94,103,113,122,123,141a,141b,141c, 1414, 146a,

146b,146c,146d

7/2



9,28,37,46,53,62,72,81,90,100,108,118,133 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 142,147: SUPPORTING TOOL 143,148:
MANHOLE 7/3 (BEST MODE FOR CARRYING OUT THE INVENTION)
Hereinafter, embodiments of the present invention will be explained in
detail, referring to the attached drawings. FIG. 1 is a perspective view of a
: MIXOGrightidrd iotation type mixing element according to a first embodiment

of the present invention; FIG. 2 is a bottom view of a 90 rightward rotation
2,11, 2ypé Mhidfg elerdént&rcdfdifg 18 #e firsf embodiment; FIG. 3is a

partly-enlarged perspective view of a 90 rightward rotation type mixing
PAS $AdieAU&Ctording to a second embodiment; FIG. 4 is a perspective view

of a mixing element formed of rightw-1- rotation type first blades and
3,12, MhwdrdTotation tppe $edond P4 Blades, Hecording to a third embodiment

of the present invention; similarly, FIG. 5 is a perspective view of a
RIGERWARD ROTATION TYPE FIRST BLADES

6,16,43,51,59,69,78,87,98,106,129

. RIGHTWARD ROTATION TYPE SECOND BLADES

31,40,135 : LEFTWARD ROTATICN TYPE FIRST ELADES

25,34,116,138 : LEFTWARD ROTATION TYPE SECOND BLADES
5,14,24,33,42,50,58,68,77,86,%7,105,115,128,137 FIRST INHER

CYLINDRICAL TUBE

8,18,27,36,45,52,61,71,80,8%,9%9,107,117,131 : SECOND INNER
CYLINDRICAL TUBL
4,7,13,15,17,19,23,26,32,35,41,44,57,66,67,7@,76,79,85,88,127§
130,132,136 : PERFORATIONS
9,28,37,46,53,62,72,81,90,100,108,118,133 : OPENING
$1,101,111,121 : STATIC FLUID MIXER

52,102,112,140,145 : CASING

95,110,120,124 : SPACER

108,119 : SPACE PCRTION

13%: DISTILLATION TOWER

144: ABSORPTIGN TOWER

142,147: SUPPORTING TOOL

143,148: MANHOLE



rotation type mixing element according to a fourth embodiment; similarly,
FIG. 6 is a perspective view of a mixing element 5 formed of leftward
rotation type first blades and rightward rotation type second blades,
according to a fifth embodiment; FIG. 7 is an explanatory view showing a
cross-section in the diameter direction of a rightward rotation type mixing
element according to the first embodiment of the present invention; 10
similarly, FIG. 8 is a perspective view of 15 rightward rotation type mixing
(RESEIef0emts BUR O ARR HY & Ghxak BnibttlimEHE NFIG29)is a perspective view
of a mixing element in which four 15 rightward rotation type mixing
rlementsrafdhe sixtibetibedimentodf thepresent fprentidmargistaekedii 1l be
similarly, FIG. 15 10 is a perspective view of a mixing element in which
explatiee 3@nrighiwaid rotatidre typermixing slemeats ek edvalnavings. FIG. 1
embodiment are stacked; similarly, FIG. 11 is a perspective view of a
is a Mixingmlernértin whish thiees609ightwardhrotetion typetmibdng elerpentsixing
of an eighth embodiment are stacked; similarly, FIG. 12 20 is a
=1 emepRrspeactive Mew of a tiixing elefiernt in whichdibeegt: rightivard ketatidy esent
type mixing elements of a ninth embodiment are stacked; FIG. 13 is a
inverschematicrsestiontal sideaviewtacoordingwo affirst ebffodirhehtora dtafetaticn
fluid mixer using a mixing element of the present invention; FIG. 14 is a ‘
type sehematice8 eartycsectionatiside view ateorfingato csbohdemnbodimént 3 35
of a '
a partly-enlarged perspective view of a 90° rightward rotation

type 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

7/4
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static fluid mixer using a mixing element of the present invention;
similarly, FIG. 15 is a schematic partly-sectional side view according to a
third embodiment of a static fluid mixer; FIG. 16 is a. schematic
longitudinally-sectional perspective view of the static fluid mixer according
to the embodiment of the present invention shown in FIG. 13; FIG. 17 is
a schematic partly-longitudinal sectional view showing an application

b&adeexam Igcvgh%gg miXiQ%]eleame k?I}QJe pr&ﬁ%’&‘di@ﬁ@%o” @fappgﬁg to ﬁsresent
arstilla 0 ' :

r
lon, column method gas-liquid contact apparatus; and similarly,

invent Gnid 52 %EE%ngﬁ E%Eg'.y- segtional side view showing an applications + = g

example when a mixing element of the present invention is applied to an

rotati?é?&%%%% Cgm%ge@%ﬁli%&ggﬁ@ﬁbap&?r%w% c(gmpdm%%td]i)ment ;

a perspective view of a 90 rightwardrotation type (in the

simil%lgf v,vis%%gctign){gixirég %%'PSBE%QQ‘M@Q Q'{'é'%} %’@‘bogin}ﬁ’fﬁing element

according to the present invention, and FIG. 2 is a bottom view of the

o rme@ X108 elemant. A mixing. element H}?éa gylindrica)passagetyhe 2@t ward

a plurality of spiral rightward rotation type first blades 3 provided in the

rotath2isagsiube s -thesedirsidlades3.as formed pha periorated obigtdiment ;
having a "large number of perforations 4. On the inside of the first blades
rrg. 37S disposed afirstinner eylindrical tubg shaped 9cross-section in the
diameter direction of a rightward rotation type mixing element
according to the first embodiment of the present invention;
simillarly, FIG. 8 is a perspective view ¢f 15° rightward
rotation type mixing elements according to a sixth embodiment;
FIG. 9 is a perspective view of a mixing element in which four
157 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 is a perspective view of a

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

elements of an eighth embodiment are stacked; similarly, FIG. 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



like a cylinder. The first inner cylindrical tube 5 is provided at a connecting
portion of the first blades 3 by a necessary length in the axial center
direction (in the longitudinal direction), and is not disposed in any other
places. In the 5 first inner cylindrical tube 5 are provided a plurality of
part 1 spialrightward tofaliontype secopddladese famedai@i perloraietlent of a
object having a large number of perforations 7. On the inside of the
<t at 1 S€Cend;blades 6 is.dispesecha secopd innes cylindriealiube B shaped like=sent
a cylinder to form an opening 9. 10 The second inner cylindrical tube 8 is
;s nvenPriQyided 4@ gnhange, meehanicalsstreagth agassttwisting plsessigfthectional
second blades 6. The second inner cylindrical tube 8 is provided at a
side CPNPGCling portignef the second,bladesbiby ainesessary leagtistandds fluid
not disposed in any other places. Regarding each of the 15 first blades 3,
nixerone epddhereafds copgected to theenter scircumierertiehguratd oFtect ional
first inner cylindrical tube 5 and becomes spirally twisted in a clockwise
perspdiFaction (rightward srotatien) tewardtherinnercireumterendiabsurfdesrof to  the
the passage tube 2, with another end thereof being connected to the 20
enbodTRen-eiIrcumferantial sudace oftherpassage e 1oimitady, neyarding. 17 is
, each of the second blades 6, one end thereof is connected to the outer
2 soiehferential sprfage piihe seeond innes eylindsicalitube Bsand showing
- becomes spirally twisted in a clockwise direction (rightward rotation)
appliewardihe iBR@ple when a  mixing element of the present

an

invention 1s applied to a distillation column method gas~—l'iq;uid

contact apparatus; and similarly, FIG. 18 is a schematic partly-

cectional side view showing an application example when a mixing
element of the present invention 1s applied to an absorption
column method gas-liquid contact apparatus.

{(Fmbodiment 1)

FIG. 1 is a perspective view of a 90° rightward rotation

type (in the clockwise direction) mixing element showing a first

embodiment according to the present inventign_, and FIG. 2 1s a

hottom view 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 perforations 4. On the inside of the first

hlades 3 is disposed a first inner cylindrical tube 5 shaped
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10 circumferential surface of the first inner cylindrical tube 5, with another
end thereof being connected to the inner circumferential surface of the
first inner cylindrical tube 5. Since the second inner cylindrical tube 8 has
an opening at its 5 central part, the second blades 6 are not provided in
the axial center portion of the second inner cylindrical tube 8, creating a
void. Thus, as shown in FIGS. 1 and 2, in the axial center portion of the

. second.in rcyll rical tube 8 is formed th ening.9 without blades. 10
tike ﬁot%%on argrfg nv{\j}?s méang esJ) o the t%l%ges rl%g a\gélgn%t mlted}%oOVJ"C%"d

it a cggd are {QO%fer'gablytln the range of of a I‘OXJCm%EQ/é to 2370
a6cordance to'the ntemal dlameter “of the mixing elementl ore

le t%referably the r% %ELOf a&p{%xmactﬁl ttQ O9]r(l) F d{tllper,ttlt]g n %%rlc&u dinal
tu

|nner I.E5 Cyll ndrlca ISpOSGd IS at least one and can accor

dlrec %@ﬁﬁgg ?er ecreasgd Su%hl% Eh§et 'r Jgnce&t&/ﬂf&%g% tt” (% In the

es to be |sposed In accor ith the Iint rnal ameter

flrst nr‘g%(ln gxhgm fcélic“{'ﬁ%éhesd'aﬂ%ter%ﬁé@%eém% 9%99&19:&3; of

necessary

allest, for e, 50mm or 20 less. Similarly, blades can be used

splraafc dq%glefwé\i%o '}%ttg@a%%wé%p% 6.the wnber af plades 3 apd 6.5 o

provided can be increased or decreased accordingly. (Embodiment 2)

perforated object having a large number of perforations 7. On
the inside of the second blades 6 is disposed a second inner
cylindrical tube 8 shaped like a cylinder to form an opening 9.
The second inner cylindrical tube 8 1is provided to enhance
mechanical strength against twisting stress of the second blades
G. The second inner cylindrical tube 8 1is provided at a
connecting portion éf the second blades 6 by a necessary length,
and is not disposed in any other places. Regarding each of the
first bklades 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) toﬁard' the inner circumferential sufface of the
passage tube Z, with another end thereof being connected to the
inner circumferential surface of the passage tube Z.

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

190
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FIG. 3 is a partly-enlarged perspective view of a 90 11 rightward rotation
type mixing element showing a second embodiment according to the
present invention. Similarly to the mixing element 1 shown in FIGS. 1 and
2, a mixing element 10 has a cylindrical passage tube 11 anda 5
plurality of spiral rightward rotation type first blades 12 provided in the
passage tube 11. The blades 12 are formed of a perforated object having

ciroufdrge number of perforations a%ﬁeo'% ithe.nsigs af the blades 12.1s)  tupe s,

Isposed a first inner cylindrical tube 14 shaped like a cylinder, and to the

with °U§%5%%%¥Cu“%fﬁaenﬂ%&%%8%of the joner cylindrical tube 14ds tre  inner

connected one end of each of the blades 12. The inner cylindrical tube 14

circuﬁf“ rrogd of a perforated opject having:a. Jarge nymber of perorations {8pe 5.

the inner cylindrical tube 14 are provided a plurality of spiral rightward

sincerafaliontype 15 seeond blades 16 formed of gpesforaled object baving &t its

large number of perforations 17. On the inside of the blades 16 is

centrgﬁp%§¥¥§S%ﬂ@“&@&@ﬁﬁﬂﬁ%&@@gu%eé%éhﬁg%d.@%@i@@@d§h1%ﬁb axial

inner cylindrical tut_Je 18 is formed of a perforated object having a large
centeRUPRerAfperforatians 19. 20-By forming the firsidpner-aylindreal dybe-ldating

and the second inner cylindrical tube 18 of a perforated object having the
a voidrge nmber of perforafions 15 ared9, the gigure, in the axial center
portion of the second inner cylindrical tube 8 is formed the
opening 9 without blades.

Rotation angles (twisting angles) of the blades 3 and 6 are
not limited to 8%0° and are preferably in the range of
approximately 5° to 270° in accordance to the internal diameter
of the mixing element 1, more preferably in the range of
approximately 106° to 80°. 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 diameter 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. Alsc, not
limited to 12 or 6, the number of blades 3 and 6 provided can be

increased or decreased accordingly.

{Embodiment 2)

FIG. 3 is a partly-enlarged perspective view of a 90°

11
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effectiveness of fluids flowing in the axial center direction (in the
longitudinal direction) in the mixing element 10 is 12 improved. The shape
of the perforations 15 and 19 is accordingly selected for use from a
triangle, square, oval, slit and the like, as the need arises. Each ratio of
the perforations 15 and 19 is accordingly selected for use in the 5 range
of approximately 5% to 95%. (Embodiment 3) FIG. 4 is a perspective view

r1 ght QL3 MiXing element Sh%ﬁlg]% gox%']li@i%'?bo iT&R&ﬁEcorQiﬂgﬁ%@f Presenle cond

invention. A mixing ele as a cylindrical passage tu and a

embodRMEAILY ot 10, spiral rightward rotatian. type fisf hlades, 22 provided in the

passage tube 21. The blades 22 are formed of a perforated object having

£ RIge Nymber,ofperiorations, 23.-,Qn the ingidgy, glthe;hlagag32is ,ny 2,

disposed a first inner cylindrical tube 24 shaped like a cylinder. In the

mixingneL gyindrical fype 24 are 15 provided a pluralify of spiral leftward 11 5ng 4

rotation type second blades 25 formed of a perforated object having a

plurd@igenumpergf; perforations26. Qn the,insideof thehlades:25is n1ades 12

disposed a second inner cylindrical tube 27 shaped like a cylinder to form
providEAPeMNG 28. 20 Spegiically,in the mixing.element 20 a5e prVidediies of a

first blades 22 of rightward rotation (in the clockwise
perforated obiect having a large number of perforations 13. On
the 1nside of the blades 12 1is disposed a first inner
cylindrical tube 14 shaped like a cylinder, and to the outer
circumferential portion of the inner cylindrical tube 14 is
connected one end o¢f each of the blades 1Z. The inner
cylindrical tube 14 is formed of a perforated object having a
large number of perforations 15. In the inner c¢ylindrical 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 like a
cylinder. The inner cylindrical tube 18 is formed of a
perforated object having a large number of perforations 18.

By forming the first inner cylindrical tube 14 and the
second inner cylindrical tube 18 of a perforated object having
the large number of perforatiocns 15 and 19, the mixture

effectiveness of fluids flowing in the axial center directicn

{in the longitudinal direction) in the mixing element 10 is

12
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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 element 20, mixture
efficiency is further improved, because strong shearing stress is
generated by swirling currents opposite to each other in the diameter
direction in the mixing element 20. In addition, by forming the inner

improf Jindrical tibes 5 %Eéa nd 27 of a eﬁgoraég%df%@sgtc Mmixture efficiencyis 15 g

urther improved. (Embodiment 4) FIG. 5 is a perspective view of a 90

accorgjf%wvg%m@ti%b%%e 9%@%§QU@§5%OM§%9E5@@)g@%glgee,lem%i, slit

10 a fourth embodiment according to the present’invention. A

and "Diing element 29 has aycylindrical passage tube 30 and.a pluality,of ¢ the

spiral leftward rotation type first blades 31 provided in the passage tube

perfo%gf@r{gs'[l%adﬁc?l@e farmed -af.a) perforated.abiecthavinga lagge sn the

number of perforations 32. 15 On the inside of the first blades 31 is

rangéji%@%grﬂmé lgliggri%l tylg 33 shaped like a cylinder. The first

inner cylindrical tube 33 is provided at a connecting portion of the first

(Em%gfésh%l g)y a necessary length in the axial center direction (in the
longitudinal direction), and is not disposed 20 in any other places. In the

fissginngr oindrical 1ube 33 8f8 view of a mixing element showing a
third embodiment accordihg to the present invention. A mixing
element 20 has a cylindrical passage tube 21 and a plurality of
spiral rightward rotation type first blades 22 provided in the
passage tube 2Z1. 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 object 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 éylinder to form
an opening 28.

Specifically; in the mixing element 20 are provided the
first blades 22 of rightward rotation (in the cloékwise
direction) and the second blades 25 of leftward rotation (in the
counterclockwise direction). Thus, regarding fiuids of

rightward rotation and leftward rotation flowing in the mixing

13
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provided a plurality of spiral leftward rotation type second blades 34
formed of a perforated object having a large number of perforations 35.
On the inside of the second blades 34 is disposed a second inner
cylindrical tube 36 shaped like a 14 cylinder to form an opening 37.
Similarly to the one mentioned earlier, the second inner cylindrical tube
36 is provided to enhance mechanical strength against twisting stress of
the second blades 34. The second inner cylipdrical tube 36 is 5 provided
elements onneding pdfion %E%ﬁec econd biatles %ﬁ%‘)% & necédsary %h’gth%(;3

according to the need, and is not disposed in_any other places. Regardin
stronfhe fﬁg‘t 548§ 31 5 8Rd tﬁgreoglgsnéao%%%% Ld t5¥he gm‘ftﬁflm Cilfents

o OSc;ircur’r]cferenti:(;::]kjsurfaﬁg 3g)f Ehe i Sé ingfé ngz@néiricgl.t%bg %E% %nditr)lec 1S _:.in
PP &rﬁ?ally?wigfle in B a counterclockwise direction f]ef%wardp rotation) g
to the _inner circumferential surface of t assage tube, 30, with
emmeé%(ﬁé(ér’enartlhéar%étl%é“i%a ’C(r)ir)%egt%ﬁr%qﬁe %%ée)r Jcﬁgl%nr'lfe?fr% |arﬂdls¥&r éacle tubes
24 anoé ??p%%sa%%&gg%g’ga@e@”aggﬂ é%%&dlﬁgé@%fgC%f&?lg&iggé& %ge further
end thereof is'connacted t6 tHe otter Circumiferential surface of the
impro%eé:gnd inner pylindrical tube 36 and becomes spirally twisted in a
cou_n’[erclockW|se direction (leftward rotation) toward the inner
(£ mboc&rfu%nrf%re%tlal_surface of the first inner cylindrical tube 33, with another
end thereof'being connected to the inner

cause

FIG. 5 is a perspective view of a 90° leftward rotation
type (in the counterclockwise direction) mixing element showing
a fourth embodiment according to the present invention. A
mixing element 29 has a cylindrical passage tube 30 and a
plurality of spiral leftward rotation type £irst 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 dispeosed a first innerx
cylindrical tube 33 shaped like a cylinder. The first inner
cylindrical tube 33 is provided at a connecting perticn of the
first blades 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 roctation type second
blades 34 formed of a perforated object having a large number of
perforations 35. On the inside of the second blades 34 1is

disposed a second inner cylindrical tube 36 shaped like a

14
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20 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. 15 Similarly to the one
mentioned earlier, rotation angles (twisting angles) of the blades 31 and
34 are not limited to 90 and are preferably in the range of approximately 5
10 180 in accordance with the internal diameter of the mixing element 29,
cylirglgRd hioré Pr8ferdblyiithé Hangt of approxitidiel) 1o 9t: PithdrStheoned
number of inner cylindrical tubes disposed is at least one and can be

ear Ligordily ifGEa88d drdécreaséd indatEsdance Fiththe mterRdcv+4ed to
diameter of the mixing element 29. Further, the number of blades 31 and

enharngen PR TR Himitt L ARG BRE canddtotdifighyihd €55 °f  the
increased or decreased in the range where productjon is possible, .

secoRgmbddiftieht 5 FIG. 6759 p&RpeRfle of a%%&ﬁbjé)%ﬁ’?e!nt HRGing® e 1S
a _fifth embodiment accaording to the 8rese tin\{r\ention.A iXi %a?iSe

PTOV EiHert 38haS A EMAGHES pRESAGSTubE 30 B A SiGrty GHepirar S¢ bY @

leftward rotation type first hlades 40 provided in the passage tube 39. Th .
e ik APAR OS5 & hiHobted SBjeRt RAVInG A TargE nifibes FPo-= 1™

arfjg ntifber o
erforations 41. On the jnsi
any’thher ﬁiaces, elggggzding the first blades 31, one end

thereof is connected to the outer circumferential surface of the
first inner cylindrical tube 33 and becomes spirally twisted in
a counterclockwise direction (leftward rotation) toward the
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 thereof
is connected toc the outer circumferential surface of the second
inner cylindrical tube 36 and becomes 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.

15
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of the blades 40 is disposed a first inner cylindrical tube 42 20 shaped like
a cylinder. In 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 16 an opening 46. Similarly to the one mentioned earlier,
specifically, in the mixing element 38 are provided the blades 40 of
Jérbart Fotatieh (i Be COURterBRIEkWEE ire Efdn) Sl the Hiades 4B 53791 =S

rightward rotation (in the clockwise direction). Thus, regardingI fluids of

(twisfhigiwaid Fdtation Ahd 1ERVEERORtion fIBRIhTA tHE Ty eléfehtdgte 20°

mixture efficien(‘:fv/ is further improved, because strong shearing stress is. ., .
and  &fhePated By BMHling cUrfénts BPESsite o BRRI JFEIh SHe' di%meifé)rl 0% in

direction in the mixing element 38. In addition, by forming the inner.
accoré&ﬂmaﬁcérﬁ&@estﬁfaﬁ&*a%ra?%lpéjrmﬁeb%j@é Wtﬁeléfﬁ&%n%gﬁglent 28,

further improved. FIG. 7 is an explanatory view relati i -
p . p y view elatln% to dlr.?.%gfi %s fo 90°.

and RREGHRY Rigrangthe- Biaiiterd OFE paSdagBHEBE ANdHH

cylindrical tube in a mixing element accqrding. to the present invention. As,

Furtifdscrifdtfin RS, ?gnd@?g?ni)ﬁﬁ’&é%%’fg 227 %& fties &' sossa(acef\ s at
tube 48, first blades 49, a first inn .

least one and can 45@ accorgﬁngly increased or decreased, in

accordance with the internal diameter of the mixing element 29.
Further, the number of blades 31 and 34 provided is not limited
to 12 and 6, and can accordingly be increased or decreased in
the range where producﬁion 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 39 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 cbject having a large number of
perforations 44. On the inside of the blades 43 1is disposed a

second inner cylindrical tube 45 shaped like a cylinder to form

16
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cylindrical tube 50, second blades 51 and a second inner cylindrical tube
52 to form an opening 53. Regarding the 20 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 pD and the diameter of the inner
cylindrical tube 50 is (pd, it is preferable that (pd be in the range of
approximately 1% to 95% of 9D, more preferably 10% to 60%. Further, it
is 17 preferable that the diameter of the opening 53 be small, for

an opexdmpleB0Omm or less, and be in the range of approximately 5% to 50%
of the diameter cpd of the first inner cylindrical tube 50, more preferably. in

Yha-idigelof approfintatel:2 005 %8 BB989A 5 SaditibR I the BffgHdiora- LY, 4D

ratio of a passage tube to an inner cylindrical tube is accordingly selecte
o ! B ars

the n@rist incd@Brddncd Swifitthe BFAEHSISAs dtitfie PASERR tile

not limited to first and second inner cylindrical tubes, inner cylindrical

rotatygls ddmbé BRpGSIIIGHAHIRE CLAfal PR BRsaRIubd Fo it ades 43
turn, for example, such as the third, fourth, fifth and n-th .inner gylindrical

of  riMBEARRhCIRHRGR SkledtE] foF D8e, With THHASE dishoseqbin X imilar T MU/

manner. (Embodiment 6) FIG. 8 is a perspective view of 3}15 rightward y
regangidiidn é/b@lﬁ?g (ir? he TIFERWIGF Gire E8SH Miihg e ?ségﬁ@ﬁﬁig Fotation

sixth embodiment according to the Qresent invention. A mixing element
flowing in the mixing element 38, mixture efriciency is further

improved, because strong shearing stress 1s generated by
swirling currents opposite to each other in the diameter
direction in the mixing element 38. In addition, by forming the
inner cylindrical tubes 42 and 45 of a perforated object,
mixture efficiency 1s further improved.

FIG. 7 1is an eﬁplanatory -view relating to dimensicns
(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 @D, more preferably 10% to 60%. Further, it 1is

17



10

15

20

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 20 a large number of

perforations 57. On the inside of the blades 56 is disposed a first inner

cylindrical tube 58 shaped like a cylinder. The inner cylindrical tube 58 is

provided at a connecting portion of the first blades 56 by a necessary

length in the axial center direction (in the longitudinal direction), 18 and

pre}?eﬁ@t%i?po%@&?n dmPothierBIatES Inthe Hitier SIMTFRS tibe 58 arg™a -+t for
provided a plurality of spiral rightward rotation type second blades 59

exanPptmeYR aPerfoiated Gbjectiaving & 1arge?Rdniberof Fatfotatdie 60y =% *©

. Onthe insjde of the blades 29 5 is disposed a second inper cylindrical
30% Qo B SRABEHFIES a ‘6 iRder 1 orh &R bpeiG 62 Pe et o= tube 50,

cylindrical tube 61 is provided to enhance mechanical strength against . ,
more {HEEnE GG of e BB e 56 T et aRd el ey dica 1ibe 1 19 17
dd,tprovide%ﬁlta o%n%ctin partion fithe s%cond béadses 5eg %éLOtO n inner

2odL r%&réésary?en%%h §CCording to thie hded; and isfiot disposedin: any othier

. places. Regarding the first blades 56, one end thereof is connected to the
oY R o MIETontE LTRSS N Sy inGGal (e 8 nd - 2mee

. becomes spirally twisted by. approximately 15.in a clockwise direction - .__.
A A T 15 il e T S entie) SOAGES bf gy Limieed

£0 fggg%xgﬁgb%ggbnd inner cylindrical tubes, inner cylindrical
tubes can be disposed toward the central part of a passage tube
in turn, for example, such as the third, fourth, fifth and n-th
inner cylindrical tubes and accordingly selected for use, with
blades disposed in a2 similar manner.
(Embodiment 6}

FIG. B8 is a perspective view of 15° rightward rotation type
(in the clockwise directicn) 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 cbiject having
a large number of perforations 57. On the inside of the biades
56 is disposed a first inner cylindrical tube 58 shaped like a
cylinder. The inner cylindrical tube 58 1is provided at a

connecting portion of the first blades 56 by a necessary length

in the axial center direction {in the longitudinal direction},
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with another end thereof being connected to the inner circumferential
surface of the passage tube 55. Similarly, regarding the second blades 59,
one end thereof is connected to the outer circumferential surface of the
second 20 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,

and PREiNdHERATEE 587 13PEings Brd sétondiiner cyfindlical TUBEE1 figd ARdr 3+
e DRI o e copon S 5 et pg i,
e S e e S,
e RS Sefomed sy s by ey et Ao <

, second blades 59 are, 10 approximately.15, the number of blades 56 and.
is dIRPRIffied cai eS8y b%l}"rr%%éasce%ié“éy?ﬁajtﬁ?(tu%eugﬁciérﬁzyslsg ﬁﬁﬁﬁr fike =

cs13mESIE, EALe, rOcucton ! g seres g £ e AN o
is pzr:%cxlruf chS )évgll' gg{fggé@or%’e@ganical strength against twisting
stress of the blades 59%9. The second inner cylindrical tube 61
is provided at a connecting portion of the second blades 5% by a
necessary length according to the need, and is not disposed in
any other places. Regarding the first blades 056, 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)
roward the inner circumferential surface of the passage tube 55,
with another end therecf being connected +to the inner
clircumferential surface of the passage tube 55.

Similarly, regarding the second blades 58, 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.
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15 mixing element 54 can be disposed in a distillation column and an
absorption column already existing, so that assembly and installation
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 20 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 ,
Smecm?drﬁalzﬁ&%aﬂg%nﬁrbe%’éaﬁa*fﬁﬁ?rﬁqu&%ﬁméi%ame@%s?%w&@bat tts

formed by connecting the plurality of members divided. Similayly, the 2

0 .
centredi Bifded 56, SRRy b fomed by cotmectiiy alpiraliff st menters 2% 1al

which have been divided in twg or more parts, In. addition, the mjxin
cente Bidhdrh Mo b Do BAEH by TeoMEHG e et thBe SFoate

.55, the inner cylindrical tubes 58, 5 61, and the blades 56, 59 by means, of.
a Voﬂﬁemnﬁ}‘ﬁ%nd%& ddiesf A0cKiTg aRd s& Fort Begdtding & niking S 11ReT
. _element 63 shown in FIG, 9, the above- described four 15 rightwa
YL P il S S, S SEL bAg 478 SANBAnd 7o Diades.
.. _connected such that the, rotation, 10 angle (twisting an of the blades 56. _ .
Mlxmge(?grﬁglg%ﬁr&l ate 4%0.Ql%n'ﬁl((:)1th‘:‘(5f%'vo$ s,%@%o%l%r%ga%gjgcgn?tfﬁsfg e mizing

blades 56, the mixing element 63 having such blades as
€“31“:Hnef‘fv{i+Jgfai+al!5+15:60 is formed.

As regards the mixing element 54, since the rotation angles
cf the first blades 56 and the second blades 59 are
approximately 15°, the number of blades 56 and 5% installed can
easily be increased, so that mixture efficiency is further
improved. Further, production of mixing elements having a large
diameter {i000mm 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 eabsorption column already existing, sb that assembly and
installation 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, 58, 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 cylindrical 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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By disposing a necessary number of mixing elements 54 on 15 top of the
other in this manner, a mixing element having an arbitrary rotation angle
such as approximately 180, approximately 270, and approximately 360
can be produced with ease. In addition, not necessarily joined together in
a 20 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
spiralyBiGiaiection of bidtes Fsmifg e mbdhg @BREnts 16, 2o, 2o"384 1ty of

shown in FIGS. 3 21 through 6 is.accordingly selected for use, according

membe b5 RLER (BRBoditRR 7) FIG 168%s aperspitive Viel o a 3927 In
ssos LT e (e cocafee Heclo MR STt e
conne DM e ISR S ST 011G, g e S, <
o R AR ML T e

.67. 0n the inside qf the first blades 66 is disposed a first inner cylindrical
lOCklﬁj%eaéésﬁgpe%gjﬁ}cehé cylinder. The inner cylindrical tube 68

Regarding a mixing element 63 shown in FIG. 9, the above-
described four 15° rightward rotation type mixing elements 54a,
54b, 54c, 54& are stacked and connected such that the rotation
angle (twisting angle) of the blades 56 becomes approximately
€0°. In other words, by joining adjacent first blades 36, the
mixing element 63 having such blades as 15°+15°+15°+15°=60° is
formed.

By disposing a necessary number of mixing elements 54 on
top of the other in this manner, a mixing element having an
arbitrary rotation angle such as approximately igoe,
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 .nct limited to rightwérd rotation type
blades, and a combination of the rotation directicn of blades

forming the mixing elements 10, 20, 29, 38 shown in FIGS. 3
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is provided at a connecting portion of the blades 66 by a necessary length
in the axial center direction (in the 15 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 20 cylindrical tube 71 shaped
like a cylinder to form an opening 72. The inner cylindrical tube 71 is
througlovidedtorsitceidsharfidd CsfehotR Bg st nASHTY Sttéss sfnkhe need.
blades 69. The inner cylindrical tube 71 is provided at a connecting
(Embogaifish'of fhe blades 69 by a necessary length according to the need, and
not 22 disposed in any other places. The followings are similar to the .
FhiRing Elemént 3h&fA S G BL Beant tidrefote dretibt eXpialMetAhtetaitat1om
As regards the mixing element 64 shown in FIG. 10, three 5 .
type afdroximately 3bPTYRWErd FORRGH R midig ehne fsERM o4 AL R @
are stacked and connected such that the rotation angle of the plades 6

) 6 ..
sevenfdromeLapRidimbtely TESTaR to e mixiy elehTéiit 83 showh 17107

.. _FIG. 9, the mixing element 64 having such blades as 30+§$+3o:90 is o
Similgihid. 46 (Emfodiet e FIs 3198 & pélsp¥tive Yiew oPa 61 & ™19

rightward rotation .
elemeé% 64 has a cylindrical passage tube 65 and a plurality of

spiral rightward rotation type first blades 66 provided in the
passage tube 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 in 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’pérforations 70. On
the inside of the blades 6% 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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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 15 spiral rightward rotation
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 like a cylinder. The inner cylindrical tube 77 is 20 provided at a
dispogeshecting poraéimertiel5ia8€s 75 by a necessary length in the axial
center direction (in the longitudinal direction), and not disposed in any

Ttherpddes Wi dfe iRREr SybHBal tise TP&rebrovided &Ry ofhown in
spiral rightward rotation type second_blades 78 formed of a perforated

FIG. §bjebf 28NRAiEE i UbeSSipiforaibnsr SR e inside of the
blades 78 is disposed a second inner cylindrical tube 80 shaped. like a

265 lirfefe 36 Fm iAo PR 1. THERRALT cHiindFRaM TubE™B0 < Brovitidd three
to enhance mechanical strength against 5 twisting stress of the hlades 78.
app T OYAE R CyIHdTicA tBE BBTR pFoviddd QPa Edrechng poftiofi oPifa = 642

second blades 78 by a necessary length accordin%%o the need, and not

64b, didoselGn BhyChher pRteS TR RIGRiINyE e SiHitar t8 the miking - angle

element shown in 10 FIG. 8 and therefore are no lained i .
of the blades 66 becomes approximateiy EE%R %ggh %@ﬂy to the

mixing element 63 shown in FIG. 9, the mixing element 64 having
such blades as 20°+30°+30°=50° is formed.
{Embodiment 8)

FIG. 11 is a perspective view of a 60° rightward rctation
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 roﬁation type first blades 75 provided in the
passage tube 74. The blades 75 are formed of a perforated
object having a large number of perforaticns 76. On the inside
of the blades 75 is disposed a first inner cylindrical tube 77
shaped like a cylinder. The inner c¢ylindrical tube 77 is
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 blades 78 formed of a perforated object
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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 15 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 90 rightward rotation

type (in the clockwise direction) mixing element showing a ninth 20
havingmbodiment accorbimy to the prdsent veRtion A mikifg BlemémBigast the

a cylindrical passage tube 83 and a plurality of spiral rightward rotation
bladetypd first bladesBassrdviteddr diclpddvage ©ve S5 THeladedss §fe shaped

formed of a perforated object having a large number of perforations 85. _
like Gn theliside bf the bfues 28 8PREHSPSsed b firstiRRer MRdricaY tubrdrical

86 shaped like a cylinder. The inner cylindrical tube 86 is provided at a ,
tube cdifhectifg poreivh Sthe blader84BGa nBGsE_aR BAYth THtHengxikl adainst

center direction (in the longitudinal direction), and not disposed in an
twistoher places In e fHper Byithtalfibe 86 rd PreFd&Y A glGakGPor tube 80

spiral rightward rotation type second blades 87 formed of a perforated
is prpdeavig &F§eRrnbefofseHorafornsiad tSn fFE it dangs 78 by a

blades 87 is disposed a second inner cylindrical tube 89 shaped like a.
necessary length according to the need, and not disposed in any

other places.

The followings are similar to the mixing element shown in
FIG. 8 and therefore 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° ié formed.

{Embodiment 9)

FIG. 12 is a perspective view of a 90° 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 rctation type first blades 84 provided in the passagé
tube 83. The blades 84 are formed of a perforated object having

a large number of perforations 85. On the inside of the blades
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cylinder to form an opening 90. The inner cylindrical tube 89 is provided
to enhance mechanical strength against twisting stress of the blades 87.
The inner cylindrical tube 89 is provided at a connecting portion of the
blades 87 by a necessary length according to the need, and not disposed

g4 is N %\%8_@5& places, The followings are similar-to thepaxing elgmertd 1ike a

sho in FIG. 8 and therefore are not explained in detail. As regards the

cy11ndBiXing element 82 shown.ip, ki 12, three; approimately 9@ rightverd =t 2
rotation type mixing elements 82a, 82b, 82c are stacked and connected

canneéHEFléﬂ%E}% rotation apgle 1of the-hlades 84 becemessapproximately27n the

Similarly to the mixing element 63 shown in FIG. 9, the mixing element 82

axial hé&k@%a%“%“i@@@%%@ﬁ 90+90+9Q=27 Qs farmed £1G di3 isca sehematied not

sectional side view of a static fluid mixer using a mixing element of the

a1 spoPLgsent inyention, in. which agightward refation dyjpe-mixing elementl tube 86

according toa first embodiment and a leftward rotation type mixing

are ;\% Q4D ag@’ﬁ’i%@g{%ﬂ@gm@%djg@mt ake wertigallyiconseetedon type
ith a spacer in between. A cylindrical static fluid mixer 91 is formed by

seconfltarnalglydisppsing.a dghtwardrotation dypecmixing. giementD3iand & iarge

leftward rotation type mixing element 94, with a spacer 95 of the same

numbeqia_rgft_ef)@§f@%gﬂ)ﬁgﬂ@%%nts 83, 94 dispesadiin betweery ibdades 87 is
cylindrical casing 92. In addition,

dispcsed a second inner cylindrical tube 82 shaped like a
cylinder to form an opening 8C0. The inner cylindrical tube 885

is provided to enhance mechanical strength against ftwisting

stress of the blades B&7. 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
places. The followings are similar to the mixing element shown

in FIG. 8 and therefore are not explained in detail.

As regards the mixing element 82 shown in FIG. 12, three
approximately 90° rightward rotation type mixing elements 82a,
82b‘r .82lc"a3:e stacked and connected such that.the‘j‘:‘otation angle
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 890°+80°+90°=270° is formed.
FiG. 13 is a schematic secticnal side view of a static
fluid mixer using a mixing element of the present invention, in

which a rightward rotation typé mixing element according to a

first embodiment and a leftward rotation type mixing element
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right\_/vard rotation type second blades 98 are disposed all along rightward
rotation type first blades 96. Further, the mixing elements 93, 94

incorporate a first inner cylindrical tube 97 and a second inner cylindrical
tube 99 shown in FIGS. 1 and 5, respectively. It is preferable that an

opening 100 be_small.in diameter m rl in: di er :
accor@ﬁ@ﬂ%%& r%ixéff’r‘ﬁlél&}beefé%r%gér%égé%te%a%eS%st{%gs%nﬂgl hear#%r% Maditn
elements 3@%4 in the asing

a spagerm n. bblueeh. i B S 193, withautdisposing thecgy|indriced spaces:  is

r may be formed by joining together the

forme ?e] g}\%ﬁii %é_éﬁhgér%i%@%ele&esrgé D 4a\’\4‘i'§ﬁ‘6’94<£?98r8ftf£@% £ At@i‘fo@ FBixing

mixer 91 constructed as described above, part of

elemelgll.z élgidasarg’%voalvelse%@altwdn 98%%@98&6 %éhﬁi%@ﬂgn angiesnof o4, with

des, becoming circling currents in the clockwise direction, part of the

a spa%%i,[%se %%\?\(I%%EWS h %gzg%agg_%%&g?d_%%a%@eﬂiis?'ﬁhfaéq%m%ar@3, 94

_ . hroug perforations in an inner cylindrical tube and
dispoghe?é]t 'i%hec?é‘%‘i’deae%‘?, acg r%l”%%l%%ﬁfi@ﬁ‘is floyw together, and furtheds £ 1on,
are urned_over and divided. The two kinds of fluids FA and FB are mixed
ri ghta%ggiv%lgt‘lctoa% ) SS_IQIg%%heS%’%&OB\i%@gQCQB éurQ9¥ercﬁ%d§§éi§i0£‘laI €along
t.us repeated In this manner. FIG: 14 is a schematic partly-sectional side
right\'s/_nlr%tvc?f 3 static fud PUXES aceprding fo.a,secogd embpdiment Shownen i xing
elements 93, B34 incorporate a first inner cylindrical tube 97
and a second inrier cylindridal tube 99 shown in FIGS. .l énd 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
g3, 94 in the casing 32 without disposing the cylindrical spacer

85. Further, a static fluid mixer may be formed by Joining

together the edges of the mixing elements 893, %4,

While two kinds of fluids FA and FB Zflow in the static
fluid mixer 91 - constructed as described above, part of the
fluids revolves spirally in accoxdénce with the rotatidﬁ anglies
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 1s sheared; and accordingly
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3 _using a mixing element of the present invention. A cylindrical static fluid
mixer 101 is formed by disposing a rightward rotation type mixing element
103 and a cylindrical spacer 110 having the same diameter as the mixing

element 103 in a cylindrical casing 102. Rightward rotation type first
the fdes 1C¥4li5’r"c‘)vi&ét9ﬁ"lt%h%rmixiﬁé“élerﬁéﬁg{'&tare %ﬁﬁilaﬁ’gé?ﬁ%émixolﬁge r and

element 93 shown in FIG. 13, whereas ri%htwaﬁrd rotation %De secon

L. d
dividefhdes 6are diSpo&edafa ﬁéceé%]a\;}} Srtiortin e axfal cégy “xed  as

direction (in the longitudinal direction) in a first inner cylindrical tube 10&'})3

: |
revolykhOPepac pERIRT09 FeF6ed M betweR! 5Ad e?‘jlnscee%:’ondaturnove and

Inner
cylindrical tube 107 and an openigg\los are formed to constitute the

Aivishokng efememtoL 05308y fsiming the*sFaddpdttidn 109, where no second

Fblade 106 is, provided, in the first inner ¢ Iirldrical‘:tube 05 in this manner, -
mixturetéfficiencyPeart bRTbrovedRiththe effetlivenisss of Tuids " ©
_converged to flow together in the diameter direction. FIG. 15is a .
Statl&h%lrﬁéﬁ ﬁ&rﬁfgeéﬁ&%%?(f@vig%o%asifécﬁ% Iu%%?gejfmfc%%r |rn18"f7c]5l atm FIG
3 third embodiment shown in FIG. 27 4 us{(ig a mixing element of the A
usdiedentinvditior A c§iRTEAr static flufd'mixef 11158 formed by~~~
. disposing a rightward rotation type mixjng element.113 and a cylindrical _ .
cyll%%?&zosl%ﬁr?gcthg%ﬁh% orfgr%g@r e#sr@r?ﬁe r%]?xintéoeﬁrenr%%nt M3l osine @
cylindrical casing 112, Ri ' '
rightwyard rotaJrI:niQOﬂ tyé%hwz\ﬁrsgirg%a“%qgrggr{%ﬂ Pwe%nd a cylindrical

spécer 110 having the same 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 mixzing
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 loengitudinal direction) in a
first inner cylindrical tube 105 with a space portion 103
disposed in between, and & second inner cylindrical tube 107 and
an opening 108 are formed to constitute the mixing element 103_.
By forming the space portion 109, where no second blade 106 1is
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.

FIG. 15 is a schematic partly-sectional side view of a

static fluid mixer according to a third embodiment shown in FIG.
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114 provided in the mixing element 113 are similar to the mixing element
93 shown in FIG. 13, whereas second blades 116 provided in a first inner
cylindrical tube 115 are formed of the leftward rotation type. Further,
similarly to the mixing 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 opening 118 are formed.
4 usRegarding thesstatic fluid enirertl1lcdonstrueted fir s rhaniery gAikiees - A
efficiency is further improved with the occurrence of circling currents of
cylindightvesrd rotatiohcand Lleftwardirtatiod. FIG. 16 ifarmed by disposing a
longitudinally-sectional schematic perspective view, in the axial center
rightdisedion (hahe tongitudiral rdirettign) edfthe statié IGid anier accaydibgdrical
to an embodiment of the present invention shown in FIG. 13. A cylindrical
spacestalie Ofluick mixer 12deis farmed byradterately disposimigid eylisdrigegnt 113 in
rightward rotation type mixing element 122 and a cylindrical 28 leftward
a cylbtatiohdype mixing glehiént 13| glithwe cylinddéalt dpacer upg ifirst blades
between. The rightward rotation type mixing element 122 has a cylindrical
114 ppasshdedubien]12Bandisxplulity efispital Tightveard 5iotation tipe firgt mixing
blades 126 provided in the passage tube 125.
element S3 shown in FIG. 13, whereas second blades 116 provided

in a first inner cylindrical tube 115 are formed cf the leftward

rotation type. Further, similarly to the mixing element 103

shown in FIG. 14, with & space portion 119 in between, the
leftward rotation type second blades 116 are disposed to form
the mixing element 113. Further, similarly teo FIG. 13, a seccnd

inner cylindrical tube 117 and an opening 118 are formed.
Regarding the static fluid mizer 111 constructed in this
manner, mixture efficiency is further improved with the

occurrence of circling 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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The blades 126 are formed of a perforated object having a large number

of perforations 127. On the inside of the blades 126 (at the central part), a

first inner cylindrical tube 128 having perforations, shaped like a cylinder,

is disposed all along the 10 length of first blades 126. In the inner

cylindrical tube 128 are provided a plurality of spiral rightward rotation

type second blades 129 formed of a perforated object having a large

number of perforations 130., On the inside of the hlades %Ezt%(at the . . .
LTt VREral Baf) I lopoded A SEEORd Innor BiHerical tdbe' T T3 Cshagsir s toal
Spacel}ke@_{?ylmd r tglform an opening 133. Similarly to the first inner

cylindricéptu & 198" tHe inner cylindrical tube 131 is provided with a large

umber,of perforations 132..0ne end of the.cylindrical spacer 12 ici}}
Ii[}n)a@’s thgls%}r%éq %%%rnet]égég%th%nmiﬁr% eelemr%%ﬁ% IS ?o?r%ﬁ %tan%%ge of ™= a

._the.mixing 20 element 122. It.is preferable hattt%e ength in the axial _ .
o AR (e R dreuiie) ot Shecer TAen 0=

helong nal direc acer be 0.1
10 times the whole | h of t ixing element .12 otg that, Dot . v 155
mtatlllrﬁl?gk i et:“fet%(l)\%,L ﬁ1s§: we%rgfgedlgﬁgt ?f t%é%s%a&;eécrpﬁ%f érrl‘\ébég gccorgingﬁzyu © ’

The t>a%%EQf¥é§§t 9§g¥%ggd8%ﬂmIgggég&%%ggwb %é@xﬁgéﬁﬁ thlarge

IS joined to the other end of the 'spacer 124. The leftward rotation

numbeYPEEEREAleneRbAS3 1yhase detaled explonalon s OROUSILAES Az6 (at
cylindrical passage tube 134 and a plurality of

the central part), a first inner cylindrical tube 128 having
perforations, shaped like a cylinder, is disposed all along the
length of first blades 126. In the inner cylindrical tube 128
are provided a plurality of spiral rightward rotation type
second blades 129 formed of a perforated object having a large
number cf perforations 130. On the inside of the blades 129 {at
the central part) i1s disposed a second inner cylindrical tube
131 shaped like a cflinder to form an opening 133. Similarly to
the first inner cylindrical tube 128, the inner cylindrical 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 joined to an edge of the mixing
element 122. It is preferable that the 1length in the axial
center direction (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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5 spiral leftward rotation type first blades 135 provided in the passage
tube 134, similarly to the above-described rightward rotation type mixing
element 122. The blades 135 are formed of a perforated object having a
large number of perforations 136. On the inside of the blades 135 (at the
central part), a first 10 inner cylindrical tube 137 having perforations,
shaped like a 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
QotGratitychf apiraheftwaid- rratorr e iseednd W8dEs 138 forfledisrg 123 is
‘ perforated object having a large number 15 of perforations. On the inside
joinegk thethlaBes 138:{@E the SEhirat pard) i€ disioRBl & séédnd innépe  leftward
cylindrical tube shaped like a cylinder to form an opening 133. Similarlyto
rotatarirdtyPheléyiiicaHeBeTIR7 Lihe inH8PSfindi&a tdisctisS pRovided ton 18
with a large number of perforations. The other end of 20 the leftward )
omot tethtiohdFpemiig BRIt 1 2B3S fitsd fo i Spacér Basiddstibad ty of
_above, and further is joined to a rightward rotation type mixing element |
spirafpoled dusibed Abbbe Wit REspatEr HisPIStPm betwedt, I3 toifTthe” the
static fluid mixer 121. The static fluid mixer 121 includes two mixing 30

Passagemdit® s 22 3dd orttMibdAg eiemERt 153hofRVEE Tt fifiteac theretg N tward

a static fluid mixer may he formed by using at least one rriiédglg element.

rotatAR (B ity SRS disposed, e PLades are formed of

a perforated object having a large number of perforations 136.
Onn the inside of the blades 135 (at the central part), a first
inner cylindrical tube 137 having perforations, shaped 1like a
cylinder,ris 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 second
blades 138 formed of a perforated cbject 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 Iirst
inner c¢ylindrical +tube 137, the inner cylindrical tube is
provided with a large number of perforations. The other end of
the leftward rotation type mixing element 123 is joined 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

mixer 121. The static fluid mixer 121 includes two mixing
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rotation angles, rotation directions, and the number of blades disposed
are accordingly selected for use. (Application Example 1) FIG. 17 is a
schematic partly-longitudinally-sectional view showing an application
example when a mixing element according to an embodiment of the
present invention is applied to a distillation column method gas-liquid
contact apparatus. A distillation column 139 has a cylindrical casing 140
and mixing elements 141a, 141b, 141c, 141d disposed in the casing 140.
elemerfhe mMiingseléments 14ia;h4lbs 14te 1i41d 2be lobkedtirea, not limited
predetermined position by means of a mixing element supporting tool 142
rherepoQvideddn she casirig 140.74 rmnholel 4B4s formedcwittysuchiag at least
structure and dimensions as allow members of mixing elements and
one mAierkers te bergamtied intrandroutioéthe césingl 1140gIn¢hedistiligtiodisposed,
column 139 thus constructed, an ascending gas (FA) and a descending
rotat ligwid &rB)iadhe wistilation cdlimari3®flow asmduriteecurrentssin tisg blades
mixing element 141, allowing the gas and the liquid to be agitated and
di spoBixkd and=socthedjasgdand kguid are sufficientlgeontacted. By applying
the distillation column 139 to flash distillation, steam distillation and so
(2pp Liosi: foreighxeodiés inlljquid can be 31 separated, refined and collected.

FIG. 17 is a schematic partly-longitudinally-sectiocnal view
showing an application example when a mixing element.according
to an embodiment of the present invention is applied tc a
distillation column method gas-liguid contact apparatus. A
distillation column 139 has a cylindrical casing 140 and mizing
elements 141a, 141ib, 14lc, 1414 disposed in the casing 140. The
mixing elements 14la, 14lb, 14lc; 141d are locked in a
predetermined position by means of a mixing element supporting
tool 142 provided in the casing 140. A 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 distiliation «column 139 thus constructed, an
ascending gas (FA) and a descending liquid {FB} in the
distillation column 139 flow as countercurrents in the mixing
element 141, allowing the gas and the liguid to be agitated and
mixed, and so the gas and liguid are sufficiently contacted. By
applying the distillation column 139 te flash distillation,
steam distillation and so forth, foreign bodies in liguid can be
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By using a mixing element according to the present invention as packing
in a distillation column, treatment with a gas velocity in the distillation
column which is 1.5 to 5 times the velocity of conventional packing is
made possible, so that equipment costs can be reduced. Further,
improvement in gas- liquid contact efficiency makes the height of the
column decrease, so that operation with low pressure loss is made
possible, and the amount of steam supplied decreases. Further,
separgherationd Mdrfed ementis n&dd-84sy because of a wide operation
control range. Furthermore, by replacing packing of a distillation column
RiffeadFinstalled proddcivity cah RS Hiprodéd with dade. Packifgie present
replacement work is made easily via a manhole. Further, in comparison
invengilPa distll@mmkdsigmituging hsdohbeAlidiRl sERit Wiker, thE afRRSter w1th 2
of an opening of a mixing element can be made smallest (for example, )
gas GohafbiYeds) ,'Sorthat §4d-lidaiB contae? eHREnt) Fifthérimproves® > times
and production of a mixing element is facilitated to enable productionand
the VistQRtibr irPd sral tatiEEBA Lol iMBrebiempridueis s oP4S, SO that
distillation column of a large diameter (Im or more) is facilitated, enabling

equipmgelcapadlys rédtteRt (A55itaH6n ExdHIe™ FIG M e TCY SBRehatic? 938~
partly-longitudinally-sectional view 32

liquid ‘contact efficiency makes the height of the column

decreases, so that operation with low pressure loss 1s mads

possible, and the amount of steam supplied decreases. Further,

operational management is made easy because of a wide operatlon

control range. Furthermore, by replacing packing cof a

distillation column already installed, productivity can be

improved with ease. Packing replacement work is made easily via

a manhole. Further, in comparisen with a distillation column

using a conventional static mixer, the diameter of an opening of

a mixing element can be made smallest (for example, 50mm or

less), so that gas-liquid contact efficiency further improves,
and production of a mixing element is facilitated to enable

production and installation in a small distillation column.

Moreover, production of a distillation column of a large

diameter {1lm or more) is facilitated, enabling large-capacity

treatment.

(Applicaticn Example 2)

FIG. 18 is a schematic partly-longitudinally-sectiocnal view
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showing an application example when a mixing element according to an
embodiment of the present invention is applied to an absorption column
method gas-liquid contact apparatus. An absorption column 144 has a
cylindrical casing 14S and mixing elements 146a, 146b, 146c¢, 146d
disposed in the casing 145. The mixing elements 146a, 146b, 146¢c, 146d
are locked in a predetermined position by means of a mixing element
supporting tool 147 provided in the casing 145. A manhole 148 is formed
showiwith sucharstidcateland gnamsionsasallon membes GHmkaiye according
elements to be carried into and out of the casing 145 and workers to go
to  amtosamelsutruttite cabing 145 Ha¢ie absofptivRrdohgmnn 144 thgglied to an

constructed, a descending gas (FA) and a descending liquid (FB) in the
absoraisbeptiorreolumn 144 flovd cof@iTertiyia the AMXIRG ElemeRPE46,- 1S - An
allowing the gas and the liquid to be agitated and mixed, and so gas and
absonighidbare soffiershtly: €ntheted 2ByCappiViAg Hise Absorpiany cdfmm gy Bixing
gas absorption, gas cooling and dust removing operation, foreign bodies
elemgn fife dif Ban besEpardtélcrefinttd cdllemed shdiskchitedc By dpplyitg - The
a mixing element according to the present invention to packing of an
miximdsomplisnediinn, thsment ditha ghd Yelocity ftthe asdrptigicked  1n  a
column, which is 1.5 to 10 times the velocity of conventional packing is

predeffierpassibl@soithaeTequipiEREdsts tad bBi&diedeFaRfgt supporting
improvement in gas

tool 147 provided in the casing 145. A manhole 148 is formed
with such a structure and dimengions as allow members of mixing
elements to be carried into and out of the casing 145 and
workers to go into and out of the casing 145.

In the absorption column 144 thus constructed, z descending
gas (FA) and a descending liguid (FB} 1in the absorption column
144 flow concurrently in the mizxing element 146, allowing the
gas and the liguid 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 abscorption column, treatment with a
gas velocity in the absorption column, which is 1.5 to 10 times
the velocity of conventional packing is made pcssible, so that

equipment costs can be reduced. Further, improvement in gas-
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33 liquid contact efficiency makes the height of the column and the
diameter of column decrease, so that operation with low pressure loss is
made possible, enabling less work space and less energy consumption.
Further, operational management is made easy 5 because of a wide
operation control range. Furthermore, by replacing packing of an
absorption column already installed, productivity can be improved with

.. ease. Packing replacement wark is made, easily via nhole. Further
llquig 8&%53%0%3 A %%go%?%é%sconbrﬁn%%fh%%z} cgflfvnécn Bnardann nd the

aiame Il e 10 iameter. of an opening of. mbdng element,can e Made: - osure
Efal8st, S0 AT gaS TGt Contatt efficiendyrimproves., and production o

a mixing element.of.a large djameter (Im_or more) is_facilitated, Further,
toss af a%‘%or%tigr? [eis) l:%n%“ﬁa of %?gr%a%ldfgmé?esr S'(ir}ﬁq %f%nosrgjaggn %IeldeagﬁyE : energy

rotduged, so that %n absorptlonrlaISC(l;oIHgT which treats Irzla‘[ge wind

cons aﬁmﬁn?s’(BOO Oi3IHF dr more) can be made With Tow cost. (é IE]'NI%EILGie easy

becauBEoGhd N QE DRGSR [F3, {h persaaglve VieWdddino e, by
rightward rotation type* mixing element according to"an embodiment of the

ceet ST VIO SLSpar Aot SADE trcceion
produ@EH¥¥%§ can be improved with ease. Packing replacement
work is made easily via a manhole. Further, in comparison with
an absorption column using a conventional static mixer, the
diameter of an opening of a mixing element can be made smallest,
so that gas-liguid contact efficiency improves, and production
of a mixing element of a large diameter (im or more) is
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)

[F1G6. 1] A perspective view of a 90° rightward rotation type

mixing element according to an embodiment of the present

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

[F16. 3] sSimilarly, a partly-enlarged perspective view of a

nmixing element;

[FIG. 4] &2 perspective view of a mixing element formed of
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[FIG. 4] A perspective view of a mixing element formed of 34 rightward
rotation type first blades and leftward rotation type second blades
according to an embodiment of the present invention; [FIG. 5] A
perspective view of a 90 leftward rotation type 5 mixing element
according to an embodiment of the present invention; [FIG. 6] Similarly, a
perspective view of a mixing element formed of leftward rotation type first

right9§Q§ng@gg¥gwa@§£@a§@}9@35%%8@9bgﬁgsiégi£y§d7}é%btion type

explanatory view showing a cross-section of rightward rotation type
secong"x'ﬂﬂ9&88“_“%9:‘&90%%@0‘1%6“@5 the, presentinwention; [ RlG. 8] Aresent
perspective view of 15 righitward rotation type mixing elements according

inveni®an pmbodiment of the present 15 invention; [FIG. 9] A perspective view
of a mixing element wherein four mixing elements made of 15 rightward

rotatipn type _blades are stacked, according 4@ an '@gnrr%fttgg. .
[ FIG|bre%s£nt iéve%ﬁgﬁP fﬁ%ui%] §ﬁr%¥érl§9a éerégecti\i%qv%of a mixing ron HYpe

. . element 20 wherein three 30 rightward rotatiqn type mixing elements
mixing, RIFVENG. 1FSiRTIEH]) %a perspetlive %/n’fg\[/)vocé)(‘%ﬂ Era'rﬁ‘)%“(lng{?a emgﬁte

invention;

present

[FIG. 6] Similarly, a perspective view of a mixing element

“formed of leftward rotation type first ‘blades and rightward

rotation type second blades;
[ FI6. 7] &An explanatory view showing a cross-section of

rightward rotation type mixing according to an embodiment of the

present invention;

[FIc. 8] 2 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;
[r1c. 10} sSimilarly, a perspective view of a mixing element

wherein three 30° rightward rotatiocn type mixing elements

stacked;

[Fric. 11] Similarly, a perspective view of a mixing element

wherein three 60° rightward rotation type mixing elements are
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wherein three 60 rightward rotation type mixing elements are 35 stacked;
[FIG. 12] Similarly, a perspective view of a mixing element wherein three
90 rightward rotation type mixing elements are stacked; 5[ FIG. 13]A
schematic sectional side view of a static fluid mixer using a mixing
element according to an embodiment of the present invention; [FIG. 14]
Similarly, a schematic partly-sectional side view of a static fluid mixer; 10
[FIG. 15] Similarly, a schematic partly-sectional side view of a static

StaCk‘?ﬁ%i(er; [FIG. 16] A schematic longitudinal section perspective view of a
static fJuid mixer according to the present invention; [ FIG. 1

1iXE é?lr“rA :

[FiGgc tic PHPy-Rngitudinal REERSHT viele 1B'sHowily dh dMBadifeRt MRt
when a mixing element according to the present invention is applied to a
where fistilthivascoltfin métobwgastlidiid ebntiet éiizﬁ%@atﬁ@;@ﬁég[Ffé.eI‘é]nts are

Similarly, a schematic partly-longitudinal-sectional view showing an
stackembodiment when a mixing element according to 20 the present
invention is applied to an absorption column method gas-liquid contact '
[ FIGappatdius A DESGRIPTION GE REFERENCENUMERARS) 2 static fluid
mixer using a mixing element according to an embodiment of the
present invention;

[rIc. 14)] Similarly, a schematic partly-sectional side view of

a static fluid mixer;

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

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

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

[r1c. 18] sSimilarly, a schemétic 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, 64a, 64b, 64c,73,73a,73b, 73
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1,10,20,29,38,47,54a,54b,54¢,54d,63,64,64a,64b,64c,73,73a,73b,73 36
c, 82,82a,82b,82c,93,94,103,113,122, 123,1414a,141b,141c,141d,146a,
146b,146¢,146d MIXING ELEMENT
2,11,21,30,39,48,55,65,74,83,125,134 5 PASSAGE TUBE

3,12,22,49,56,66,75,84,96,104,114,126 RIGHTWARD ROTATION TYPE

FIRST BLADES 6,16,43,51,59,69,78,87,98,106,129 RIGHTWARD

c o2, B RTE SRR SACES X340 05 ASETWARO 1 206,

ROTATION TYPE SECOND BLADES
1460, 549C455%2 50 58 68,77.86,97,105,115,128,137 FIRST INNER

YLINDRICAL TUBE 8,18.27,36.45 52.61.71,80,89,99,107,117,131
: MIXERESNBTRINER 15 CYLINDRICAL TUBE

2 0, B BT B AR L 40 sy T TOTE 0 85 8027,

PAS%§$§7@%€3,62,72,81,90,100,108,118,133  OPENING 91,101,111,121
; T UID MIXER 20 92,102,112,140,145 : CASING

3, 12,92149120. 154 3PACER 109,119 4, SPACE PORTION

RIGHTWARD ROTATION TYPE FIRST BLADES
6,16,43,51,59,69,78,87, 98,106,129
. RIGHTWARD ROTATION TYPE SECOND BLADES
31,40,135 : LEFTWARD ROTATION TYPE FIRST BLADES
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
CYLINDRICAL TUBE
8,18,27,36,45,52,61,71,80,89,99,107,117,131 :  SECOND

CYLINDRICAL TUBE

INNER

INNER

4,7,13,15,17,19,23,26,32,35,41,44,57,60,67,70,756,79,85,88,127,

130,132,136 : PERFORATIONS
9,28,37,46,53,62,72,81,90,100,108,118,133 : CPENING
91,101,111,12% : STATIC FLUID MIXER
92,102,112,140,145 : CASING

95,110,120,124 : SPACER

109,119 : SPACE PORTION

139: DISTILLATION TOWER

144: ABSORPTION TOWER

o B




139: DISTILLATION TOWER 144: ABSORPTION TOWER 37
142,147: SUPPORTING TOOL 143,148: MANHOLE 38 CLAIMS 1. A
mixing element comprising: a cylindrical passage tube through which fluid
flows; spiral first blades of rightward rotation or leftward rotation provided
in said passage tube; a first inner cylindrical tube disposed in the axial
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 disposed in the axial center portion of
5 sajq se%on%glaﬁ%, \9((?8 ein said first blades and said second blades are
142, 1 hhed of & pgr oratéd object or a porous object. 2. A mixing element
ceordi im 1, wherein the rotation angle of said first blades is in
143, ]Taﬂgzra%ig’g%%ggproximately 5 to 2700. 3. A mixing element according to
any one of claims 1 or 2, wherein said first inner cylindrical tube and said
second Inner cylindrical tube are formed of a perforated object or a
porous object. :
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4. A mixing element according to any one of claims 1 to 3, 39 wherein
said first inner cylindrical tube is disposed along all or part of the length of
said first blades in the axial center direction thereof. 5. A mixing element
according to claim 1, wherein the rotation angle of said second blades is
in the range of approximately 5 to 2700. 6. A mixing element according to
any one of claims 1 to 5, whereir-3did$€cond inner cylindrical tube is

disposed along all or part of the length of said second blades in the axial
1. cBnt8¥ irBetioR I58IRDE 7 SRTMRKiRG Eishent acebiding td SRy oegeage  tube
claims 1 to 6, wherein said second inner cylindrical tube has an opening
throyythe “hdalcerfter portidn-fHféof. B2 AMixing eleientaéiding’lo afhy 9 tvard
one of claims 1 to 7, wherein said mixing element is formed of rightward
rotatéion fypeSfirst Bisties aha téfiNark T6tation type setond biRdEs 246G 9.5k 2
_ mixing element according to any one of claims 1 to 7, wherein said,miTXing
LirstemBAEE fofed Bf fetfard rotdin e Birstitadeand ighoddre T center

rotation type secaond blades. 10. A mixing element according. to any one, 0

PO iS4 to9: Witerit-fotir 87 §&idl miking efeniéins ot approsiimately 15972+

rotation or leftward rotation provided in sald first inner
cylindrical tube; and a second inner cylindrical tube disposed
in the axial center portion of said second blades, wherein

said first blades and sald second blades are formed of a

perforated obiject or a porous object.

2. A mixing element according to claim 1, wherein the rotation
angle of said first blades is in the range of approximately 5°

to 270°.

3. A mixing element according to any one of claims 1 or 2,
wherein said first inner cylindrical tube and said second Inner
cylindrical tube are formed of a perforated object or a porous

object.

4. A mixing element according to any one of claims 1 to 3,
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rightward rotation or leftward rotation are joined together to obtain said

mixing element having a rotation angle of approximately 60. 11. A mixing

element according to any one of claims 1 to 9, wherein three of said

mixing elements of approximately 30 rightward rotation or leftward

rotation are joined together to obtain said mixing element having a

rotation angle of approximately 90. 12. A mixing element according to any

one of claims 1 to 9, wherein three of said mixing elements of
wherenprokimately 66 Tightiward rSYaPtibﬁdo?ltéFﬁ/%arH”r%Fatibﬁ are fiiregd atong all

together to obtain said mixing element havin%)ra rotation angle of

oL PApproimately 188783 A fixifig efendent Accotdfiftd ahy o egf%ié"‘rﬁ% jeenter

. 109, 41 wherein three of said mixing elements of approximately 90
direGhhRbardY6E&Rdh or leftward rotation are joined together to obtain said
mixing element having a rotation angle of approximately 2700. 14. A
static fluid mixer comprising one or more said mixing elements according
to any one of claims 1 to 13. 15. A static fluid mixer according to claim 14,
>, AyvReréin aitl rikiigiel e o ighiware tetation and'eftivairdl rbbstiopotation

are alternately disposed in a cylindrical casing with
angle of said second blades is in the range of approximately 5°

to 270°.

6. A mixing element according to any one of claims 1 to 5,
wherein said second inner cylindrical tube 1s disposed along all

or part of the length of said second blades in the axial centerx

direction therecf.

7. A mixing element according to any one of claims 1 to 6,
wherein said second inner cylindrical tube has an opening in the

axial center portion thereof.

8. A mixing element according to any one of claims 1 to 7,
wherein said mixing element is formed of rightward rotation type

first blades and leftward rotation type second blades.
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spacers in between. 16. A gas-liquid contact apparatus comprising one or
more said mixing elements according to any one of claims 1 to 13
disposed in a distillation column method gas-liquid contact apparatus
through which fluids flow as countercurrents. 17. A gas-liquid contact
apparatus comprising one or more said mixing elements according to any

9. enhegpficlaims dtadl3ndispesed:in anabserption colmn methedgasdiquidto 7,
contact apparatus through which liquids flow concurrently. 42 ABSTRACT

wherOh THE BISGLASYRE Amixing elementnwhichis praducedaat Jew goeston type

has high mixture agitation effectiveness, and is easily made large, and a

£1 rostaticfidd mixer using the: mixing element argguovidednburtherias .
gas-liquid 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
10. of aperforated objech which-areprevidedhin theypassageddbe-2;=aifirst 1 to 9,
inner cylindrical tube 5 shaped like a cylinder and disposed inside the
whe rblages@;aplurality of spirakrightwiard ectatioartype bladesonprovidediine ly 15°
the inner cylindrical tube 5; and an opening 9 formed in the axial center
righpetion oftheblades @A staticdhid mixer istformedi by using atteastorecher to
mixing
obtain said mixing element having a rotation angle of

approximately 60°.

11. A mixing element according to any one of claims 1 to 2,
wherein three of said mixing elements of approximately 30°
rightward rotation or leftward reotation are Jjolned together to
cbtain said mixing element having a rotation angle of

approximately 90°.

12. A mixing element according to any one of claims 1 to 9,
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

approximately 180°.

13. A mixing element according to any one of claims 1 to 9,
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element 1 mentioned above.

wherein three of said mixing elements of approximately 90°
rightward rotation or leftward rotation are joined together to

obtain said mixing element having a vrotation angle of

approximately 270°.

14, A static fluld mixer comprising one or more sald mixing

elements according to any one of claims 1 to 13.

15. A static fluild mixer according to claim 14, wherein
said mixing elements of rightward rotation and leftward
rotation are alternately disposed in a cylindrical casing with

spacers 1in between.

16. A gas-liguid contact apparatus comprising one or more said
mixing elements according to any one of claims 1 to 13 disposed
in a distillation column method gas-ligulid contact apparatus

through which fluids flow as countercurrents.

17. A  gas-ligquid contact apparatus comprising one Or
more said mixing elements according to any one of claims 1 to 13
disposed in an absorption column method gas-liguid contact

apparatus through which liquids flow concurrently.
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