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BACKGROUND OF THE | NVENTION-Fi el d of the Invention 5 The~present inventi
felates to static mxers useful for nti nuous m xi ng of fluids, and
“particularly for mxing highly vi s#ﬂ”@z{m@wﬂmfuch as polymer nelts. The
State of thwoR0iI78440Art Static m xing e particul arl| ypos@sed/17004
honogeni zation of nufti-conponent m xtUfééss* and the |ike. Static mixers also
"are useful in connection with 10 heat exchangers and/or for plug flow
reactors. These devices are sinple and easy to use. A particul ar advant age
is that static m xers have_n V] d a.con uence present no
particul ar sealing and/or %gﬁﬂgﬁgwﬂwiﬂﬁawébEW&ﬁfgknom t hat
devices of this type are often used for applications in polynmer processing

by extrusion or injection nolding, involving |arge pressure drops 15 across
the m xer. TIBACHEGRD F NS ENTHT ed design involving the use of
very thick nmater.i ?I nd rei nforcing conponents. Smaller size el enents may
be made by pr@@ﬂ&m% of stainless steel or stellite. El ements nay
often be gtrengthened byheV@Je%nrtlgn\@htiQﬂ P44B89d ﬂg'icvhm u%?LﬁHBPﬁth%nhﬂ%ﬁsa .
netal sl eeve which then nma unction as a support tor the element. ~0O 1t is
al so desi r ed rhixatg of flaidscami poeticudiaiyi foemixinghighineéscalid fluideswwbaepslyhleemtls.

mai nt enance and cl eani ngP and visual inspection after use. One previously
known met hod ’ permtting cleaning and inspection is to
support individual ele ] el i L i .

I nternational Publicat :%gﬁ@\g{%&%og%@%& #hi%ﬁé%dnds}fyr B%:e??loﬁ& ]'F]%mé g‘ﬂan?ﬂqo&i res
expensi ve pr aguisicompoasit motaes andbe like nStatid med rspacee u@Bulrih ogsectitvewith
crossbars _nust be rel ativﬁ'@¥ft hi ck_because the weak points are the

unsuppor {&d, heachangeespapor ferglugday yeagiars Tssg Arcatiatey MRISANA AT tOHEE | n
I'afge pi pes ( " j fr., MR : must
be wel ded i nt%p%ﬁ’é%ey\%%gp&%igBimggsé?{cgﬁgégﬂ?gggz)gnect |°ol§1)ﬂ€s?{sr$ﬂ£si?§?%gn lgg:n&/eel ded
t oget her to presento paracdlamsehling xel/or mhinten3fteabfigultiest i on is again very

expensive. Furthernore, due to the intricacy of the positiogning, of the
conponents that are welHEdKIQYLinaEAevicss qfs‘ﬁ‘%dypep?fgéifgf‘é‘s?‘?)?%ﬁ'tpa"ﬁatmélé

X-ray 07 Y/ kL i 1 d S.
Accor dingly ITehadReeaTE i SARSRS Mo b o e TPEEhs Pleiret if Wope
al nost all fiay sacrasg thermsider. ToledeRM allirefjilired NwighHd daNign ida vimgold wewf aerg thick

difficulties rgres nt m. {i or art devi cess ?]re .al | evi at ed .
aterial and reinforcing components. Smaller size elements may be made by precision

casting of stainless steel or stellite. Elements may often be strengthened by welding or
brazing individual components into a metal sleeve which then may function as a support
for the element.

20 It1s also desired that static mixer devices must generally be accessible for
maintenance and cleaning and visual inspection after use. One previously known method
to provide access permitting cleaning and inspection is to support individual elements
with a satellite type ring as is shown in International Publication WO 95/09689. This
construction, however, requires expensive precision casting and costly machined spacer

25  rings. The crossbars must be relatively thick because the weak points are the
unsupported, free crossbars.

For heavy duty polymer mixer applications in large pipes (> 10") with
pressure drops of up to 100 bar, the elements must be welded into individual pipe
sections. These sections must then be welded together to present the final mixer. This

30  construction is again very expensive. Furthermore, due to the intricacy of the positioning

of the components that are welded together, it 1s not possible to obtain 100% X-ray

M
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t hrough the use of the present, invention which provides a saddl e el enent
“design for a static mxer which facilitates the manufaeture and 0 N 2007
construction of the mxer as well as providing an ease of assenbly Jngj
.disassenbly to thereby facilitate naintenance and cleaning. In particular,
t he sinpl e desiogsesf t he saddl e el enent of the invention enabbPes/us00/tad4i ng
of the elenent as a nonolithic structure whereby wel ding and brazi ng and
the |ike are avoided. In its broadest aspects) the invention provides a
saddl e el enment for a static m xer which conprises a generally ring-shaped
support structure havi a. central axjs, concentric inner and outer,

Fadi al |y spadBiPectpt oL ettt | AprardRbanarry st iikoctang hdrdihic pressiee
second axialh&ﬂﬁgqgggmnggggzghhﬁng@raIIeI edge surfaces. The inner surface
of the ring shapé€d support Structure defines a fluid flow path which
extends along said axis. The edge surfaces are |ocated in respective

general ly paragl]l el whi ch are essentially perpendicul ar
relative to J‘ﬁ;'@‘e}%k&aag\ﬁgﬁv ?&&i@&

acking of the elenents. The el enent
al so inclydes a pluralitye GhpRERNGAGHiCETRS PRAES 1hDALr 3 GlelREALRDIIeDiatdde
flow path ?0 to cause infﬁﬂgte and thofough%adniQiEb Bf tﬁé %?uigge m

travel i ng al ahguighehd Usevofpphd presém ihvension edeehdprovides ¢ sakid alemeaaddsi frafoe aa

first end which is closer to the transvrerse grlane of the &MSt edge than to
the transver S&USITARET YhichHacliRissHAC SHGRIAGREE A GAISHECIORPIVRS BFxeras sedlsadr t o

the transver g, pliifCuDlast BP . SERBNARAGRILIARLE thien) FANRNETRARNANE My the
first edge. e crossbars are strategically arranged 1n at least two

separ at e i nt else@otg. g padokulgt eh2bmpleatesign of delsaddic vleieht oftthe (quvenpbaeeshldss

di sposed, at an angle relative to said axis. In desi rabl e, enbodi nent of

the i nvell i orasiinoy dheeleme:as %mpaﬂ'gtb& SfrHCHuwh%%aaW%lfi@gaaﬁ PrgwesnaHedike

whi ch obl i qu%rph\ad}géd_are arranged mtwo separate pairs of oblique planes. ! )
The oblique planes of each pair thereof are disposed in generally parallel,

| ateral | y spaced r el at i lnnsbrgzades laspecisetht onvengorgprovides a salileetaneent fdrlastatic

obl i que planes of 30 each pair of l'iqu | anes are di sposed so as to
i ntersect theMgsr ?"'glfé‘ CIMpRIESs %ge'Fng&"%éﬁ’agﬁdawP?n SFuUGHIE NFYE8A cena! ajipng
| i nes which e ' t j (18 : !
001 73440 peTOEGGTISETY XY BRFERERIE bR YRR e R epiending s Rt RA Ve
arrangedlj n emdicamduRally spaeed,@enerally phrhlia) végesheades, Thnidnertserfaceosfsheanisg-of

each oblique plane are di sposed _in erally paral]el, laterally spaged
rel ati onshi p.SI?'FPFdowa?éFB ‘P@og%%ﬁ)gmao‘ﬁfpa&‘h‘émf GaisRdoplong F?éé{@?“ésgrg’ﬁr s

of the saddl &q3. gl #IRAar@IRaRHNAPEPEcINAELnBIAD PAtPiE) tr%@&fs@'gizﬁﬁey‘*ﬁﬁépﬁlé
array having a"pair of spaced ends. Such array is disposed so as to extend

| at eral | y acresssntiaHg petpendipatrelaitivh tesiehaxintd fubibtagostadkingof the tlrotead. fIhet he
i nner surface of the ring-shaped, su rt structure. Another preferred
aspect of t et PRGUMIGGRARAeSAE il one B sErSs e gl R Eiedyn Fls T PRoned
SO as t 0 Nt ep&6de Atimdte dnBehMBL S adrixHeSHIREH S &8 Mg alohgltRe fIB® path. In
transverse plane of the first 10 edge and whi ch extendsS through the axis of

the el enent. tRrsabgardbthy prasstars ¢ack haena§rsoend which nodsizatesthe trapaiedsetphaneaff )
sai d oblique planes are connpected together. at sai i ne of intersegtion. In .
2 bar ticul'ar 1 9 BraraRt Bat SnBe v seny oend s ond LR RO

sel ect ed crosgbat i@fhedrahbvesde file! SfuRe RlcaMEedo? 1Rint B ¢MEFarsPerkdIS1ahO1BLhe $ip4:f ace
of the ring 15 shaped support structure at a |ocation adjacent said first

edge) the secolgd. Ehelcro§sbars are strategically arranged in at least two separate intersecting oblique

25 planes, each of which oblique planes is disposed at an angle relative to said axis.

In a desirable embodiment of the invention, crossbars are arranged in four
separate oblique planes, which oblique planes are arranged in two separate pairs of
oblique planes. The oblique planes of each pair thereof are disposed 1n generally parallel,
laterally spaced relationship relative to one another. Moreover, the oblique planes of

30 each pair of oblique planes are disposed so as to intersect the oblique planes of the other

pair of oblique planes along lines which are generally perpendicular to said axis.



~sel ected crossbar of a second oblique plane is attached to the second end
of the .selected crossbar of the first oblique plane, the-first end QW.WNZQZ
Sel ected crossbar of a third oblique plane is connected to the first end o
-the sel ected crossbar of the second oblique plane) the second end of the
sel ected croasbmrssef the third oblique plane is attached to therasownmbi20
end of a selected crossbar of a fourth oblique plane, and the first end of
the sel ected crossbar of the fourth oblique plane is attached to the inner
surface of the ring-shaped support structute at a location adj acent said
first edge, said selected crossbhars extendiqg across the fluid flow path
and presenting the desi PEMrably: athlgpedwarefaspid rpeghars arej Hranged iy gaee ohithe

t he i nventi on, -' : I, [ e i [k of
about 90, ThaPTeephE SEHRLRiRE, ARy ¥ oINS, i MBS Ribe e AbpBA! §
about 45 rel agdnemllygatdiie], dnellpkpdché ralatignshipaped support structure. In
further accordance with the principles and concepts of the invention, about

4 to 8 crosshars are ar FEH§Paeiemedepbrdimentyf theanyangge. the aivsshars{dhe sadde i on

al so provkdes ' ' i ri.si t f
saddl e eI%nen?gngégﬁé?%gg&g%%%%abéﬁggggéﬁgéﬁégS@%%%FgékﬁgﬁégfgﬂgfgSﬁ%&%%ged
W th the secoslise8geh sudyfinagpodeli@s 8o efltenptaadily icrontibe flowattawith 88ch end

relationship. This 0 7 JUN 2002 WD 00/ 78440 PCT/USQ0/ 17014 -4 al so means
that the secotgreshbringnttached jodhpimaer spefaes ofBpyangsshaped HepPofsUEFERe M rOthgTe
adj acent each r I I -sh 0
configurati onl.)rgﬁgjrgygld gggﬁ?éf [th? Hgyegﬁ g@{?égﬂtgggﬁ’ ::F ?enql% %ggg@tafﬁ%%{]g% ggﬁgsé‘l’%ncfgssof our

of the saddl eassboantersest at hhime safed 8 ddpes@dsseriufly & thangmevdrse plaiid 65the girqup
with the second edge surfaces 5 of the ring-shaped support structures of

two of tHAB el edgsng whidiads fhioyaitheiaxis oh éélﬁmqgt- rRsefgrabbn dhe fiyst endg of theg
d j h f i na-

ctructures. of onReb . A 06 o SRR U ROTER sk SEuToc Y SIARECACHRERAL of

rel ati onshi p. infdisectiop. groups are stacked so that a first edge surface of a

ri ng- shaped support structure of one group is dispgosed in mated, contacting
rel ationship with a fir&2patedgay praferarderofiodiment of thenapeHiony s dirst end of
structure of I I thi.s, i i

orovi sion of tugeSPEEREh R At BIRR plRE el BhACHAPe bF retfre-

stacked gaddl shapkerBpicst prewrdet bhiecpint adiatear tard Piref«ige ethe aec@geiteof aof
the invention. BRI EF DESCRI PTION OF THE DRAWNGS 15 FIGURE 1 is an
i sonetric vietflestedcresshar of aseernshnbligns planewsserhed tq the second epd of Biggelected

Fla 1l ooy ek OERR R BRI IR, B Gpfrk aReRlel Lt of il R ,°]
an enl arged cplassssanheaehio the Byt efd dfide etlenmhirossbat bfeth@Bedond ebliquerpitsken
SRCRE R SRR NG oL NER VT WIS =
20 end of a selected crossbar of a fourth oblique plane, and the first end of the selected
crossbar of the fourth oblique plane is attached to the inner surface of the ring-shaped
support structure at a location adjacent said first edge, said selected crossbars extending
across the fluid flow path and presenting the desirable w-shaped array.
Ideally, in accordance with the invention, the intersecting oblique planes
25 intersect at an angle of about 90°. That is to say, the oblique planes are disposed at an
angle of about 45° relative to the axis of the ring-shaped support structure. In further
accordance with the principles and concepts of the invention, about 4 to 8 crossbars are
arranged 1n each of said oblique planes.
The invention also provides a stacked static mixer structure comprising
30 two of the saddle elements described above. Thesc stacked saddle elements are arranged

with the second edge surfaces thereof disposed in mated, contacting relationship. This



FI GURES 6A) 6B and 6C are respectively top plan, bottom plan and
cross-sectional views illustrating an enbodi nent of the invention VWU@N ﬂJUZ
t he support 25 structure 12 is provided with alignnent tabs and notches.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBOD) | MENTS A preferred enbodi nent
of saddl e eMPBHI84r a static m xer which enbodi es the pri nciPEITA$S0@AA014
concepts of the invention is illustrated in FIGS. 1 through 30 4 of the
drawings where it is identified by the refgrence numeral 10. Saddle el ement
10 includes a generally ring-shaped support structure 12 and an SMX m Xi ng

truct whi ¢h i |y identifi t he r.ef | 14, |
2ccor dance. i fHoUans TR, S0 TenEh0 B Sette B6 SRR BEHE) B dpmegts are
i nvention) thed@a&dnt ELhIUIRTRO us BYretft & 3eheraldy Aol 9lsBapran@hnfibhiftiowni t or

the m xing structure 14 and the support structure 12 may be cast as
separate units whi ch ar Brefé¢rablyathe stakeil tgtiomixdir sguasnrepneludesfoor of the shddle so
as to forma single ructure. Ring-shaped.s ort structure 1 as

cont ral a0 sy FhefafEmely e StREdina fPBrEbys M Berbsontfadi Sutastse
surface 23 andrifie ﬁﬁg«@ﬁbg)e@%oﬁldfrﬁ@lﬁﬁs 8thw o iHatGRent8didpted h maed, contacting
concentrically arranged, preferably generally parallel, and spaced apart
radi al | y rel ardlatonslypagidsin i6secamd] gtdwp wilmeheesecend edge srfetes entheanng skapedt
structure 12. And .as _can be.seen fromthe draw ngs,. i nner _sur e 18 ..

et ines a 11 urdPRProsrERs Shafin yidrelia fpmiy hBSpiseitEan sl oot betirgnds
al ong axi s 16rel&R@AShipUMTHEERS gdupnfe ddci@tieolifadenat alidy/supfa88f a MidsHabed

sane are located in respective generally parallel transverse planes 28 and
30 (see Fig. ppatisthciarcefopagealipapdrsposed inmated. abntdétngotiabdnnship vate hest
seen mFig. 4 | anes 28 .and, 30 are essenti al er pendi ¢ r relati to
o e 16 s iRl Rtest S uRB Bl uRs e RERREBIouES TR el ity
plurality of Qﬁéﬂ?ﬁ)%‘i@.fiﬁeé)rbﬂsibh%ffv@f%&%dﬁb@dlgﬁlsﬁgpe‘arc%ﬁﬁaﬂrﬁﬁor?s.z"I\N@'f@lntﬁd&y

| ocated in flow path 26. 15 In general) each crossbar 32 preferably has a
first end 34 #hiked saddletioments provpdeahe p@8culadn pieferrad artangéraens ofthe ianehtipn.
second end 36 which is closer to plane 30 than it is to plane 28. Although
the crossbars 32 are illustrated as having a generally rectangul ar

confi gur at i ONBRIEF DESERIPTION lfF taBtIERAMAN®S of the invention that the
same may have other fornms, such as, for exanple round, triangular, oval)
square, flbat sheet, et cFIGWREdJVieen isometipricws! osaddle prseagehimhsnfwdigsdhe t he
crossbars nmay_si npl cEe.hol es Ln the structure or have any shape other than
rect angul ar . @’8@5‘6%}3 p’é’?c’?rlﬁ/ow‘gf”@fegﬁ??ﬂ be arranged in at |east two,
ideally four, separate FREBREECKIaNSp pRhiVikEoPIBRRSNEIBof BIG. 42 and 44 which
are each disposed at an angle relative to axis 16. Pref erabIC%/t but not
nef:ets.sarl![y, t he ob![ Lquglfdggﬁéslls!arhoéﬂg'd&@n atewwftbﬁglleéle%?foﬁl %iout 90
relative to one anot her o) e r 8 so
that the sanme are di spols:]ed-c}‘mg{5 ‘gﬁg gﬁg %‘%p a%%ﬁst nga?evﬁéfiovet SYeg%né%Tgﬁ
However) 20n aesehdan@Renlbie iie4l4rof@iGi @n, the crossbar planes may have any
other inclination (e.g. 30 6051). As can be seen particularly in Fig. 4,

pl anes 38 and 42 are di 1§ ap elgsptignal creas-sactienal vigy ef a$tagk eqippiting a
relationship relative,to one a er, Likew se, planes 30 40 and 44 are

di sposed in ggﬁ]éﬁgf/f)gthﬁﬂegﬁnéﬁ% tér%ﬂdl y spaced relationship relative to
one another. Planes 38 FGURES6R, 6B 3001 asreqsect Gely NéepRACHoMbMIDIA ames
40 and 44 along lines 46, 48 and 50 which, as can be seen in Fig. 3, are
general |y per fEstsestionsl ey sitiustratmg an emigpdimgnyof oy epyoroghgrguthe sgpport
PCT! US00/357 014, B 68030 LS8R ferBlenl 635 hnd MAcRLs the crossbars 32 in
each plane. The Cr 0s$bars i'n-each pﬁ ane are preferably disposed in a
generally parallel, laterally spaced relationship relative to one anot her

SO0 as to present SEaces or passageways 33
ED DESCRIPTION OF THE PREFERRED EMBODIMENTS

DETA
A preferred embodiment of saddle element for a static mixer which
embodies the principles and concepts of the invention is illustrated in FIGS. 1 through
30 4 of the drawings where 1t is 1dentified by the reference numeral 10. Saddle element 10
includes a generally ring-shaped support structure 12 and an SMX mixing structure

which 1s broadly identified by the reference numeral 14. In accordance with the

)



t her ebetween. And as can be seen in the drawi ngs, the crossbars 32 of one
“plane are 5 preferably staggered relative to the crosshars of an 07 JuN 00
Jntersecting plane. That is to say, the crossbars 3? of a given plane arg
-.general ly disposed in an aligned relationship relative to the spaces 33 of
an interseciwg@/isene and in an offset relationship relative periuseo/17014
crossbars 3? of the intersecting plane. Preferably, the arrangenent is such
"that the adjacent crossbars of the intersecting planes are firmy attached
to one another along the 10 |ine of i ntersection so that a rigid structure
is provided. ldeally, there should be at |east four crossbars in each plane
to achi eve opfVeRINNThE GIgre alSEISN May &§. cagy ¢ha suieds Beaellinis ping orqthemixigh be

The rospect | VAR #4rfiy e ARPSASbute R bl 5 b Ve AR A AL T

38, 40, 42 angiaédkeddewaldingngeiaziny ntheliRe sahew, foganaimlié nwnsBaped 15 array
52 which extends laterally across flow path 26. As can be seen, the ends 54

and 56 of array 52 areé Ragrshapadawnpert seugtuisdr? hagrof cgosaliainlo, anlivregsiidace
whi ch is adjagent t rface 22. \Wth further reference to FEig.,,4. 1t can
5o be- seen (hap opaRUEGe8.. 5 e huulde 28 bnd BTl FEet BBt ot sehpeS)
which is di sppsad 3 aelconeaitn@iiangradfed, lprdterad Bty g@eﬂﬂ@fﬁﬂwlyarﬂ%héédo%lﬁﬂ
centrally of flow path 26 so as to essentialéﬁ/ intersect with axis 16. 20
The ends 34 orduHe rdptbesiosnxss 6. apddhesamoexand grcymicssnsialy abew/stmcare12.

attached togefher at .line 48 . The formof intersection at.lipe 48 can be
made such tha nfﬁseca&’rbgssg aé%mstﬁlerr%faymm%lrn P%rps,ur@?e ?ﬁge R é’&ué%ﬁ?%r?awoﬁ'g
flat or roundgedtrany 6§ @ittardvsIeunY lgRextbhids Sordd £@s PO IFddelsarib@sehnd 4 &R t he
structure at Tine 48 or to facilitate casting by adding additi onal

t hic knes$0 andgenatally ipkinar.randHhe saragiaglocated b respeeisisageneraliyepagdieh trapyyerses t o
thée 25 intersectigR.li of 4pl@an 40. and t intersection |ine
50 of pl anes % neeslﬁga ﬂ,g&ﬁsgglr:"’f ﬁ)gwﬁiﬁﬁglg%?%&g%%emf&axfagggF#lilc)"' LR K& "seen
in Fig. 4, the g Mapineers andc3Gueksdehahll e 04r relassadxisPa of plane 38
is firmy attached to inner surface 18 of the ring-shaped support structure
12 at a point near plandsom besths segundie.drBidpastrnamgeld ismadeiup chephedled t o
end 30 36b of crossbar 3 ne Lot near pl ane.30Q.  an d
34b of cross b%ffco?f égﬁ%}sts *W%Bﬁfémg(%f%é%%é%dt% %052%339521(‘:" hbcgl &r gos? %ﬁ%gﬁ f g%’ pg&x %{] ane
42 at a pei ntineadralpbaheraSbaidd pierably Hae a fifst Whd 8l whidha D EliBsdriis pragd2 @i 16.
Simlarly, end 34d of crossbar 32d of plane 44 -- .~ 0 7 JUN 2002 WO
00/ 78440 PCT/Ws0opiang 9, and gsecopd end 3oriMpichs gloperdomiane Pldharsiyis @adaneg2 fof

the ring-shap t, i | ..ahd end 36d
of crossbar 3§gh(|§l}$m?€ {érﬁ) %Bga,!tg?, 5(%{{?253’%@%&#3 hg\g}ég %F&%?%Qgﬁggﬁ%@% cgﬁﬁ%’lr%}%’ 42
at a poi nt ne@ars yitianeheddnteAddatidnafshe inadreion athat drckamermagli hisve Bthghforine, sadhed

at all crossing or attachnent |ines for reinforcenent and/or to facilitate
casting. 5 Thds 5gapmpkiravrchidangglaprovah aqyark dlaf phast. £f Morove e spaces or

pr ef erably us J i Y f S an
arrangerréﬁt |§£F%§é¥§rjg%tgggfw |r§£bérgg’¥al§?sﬁggl P%ey\ﬁ(ﬁégswﬁhg Sg%%rﬁ{aef(grﬁﬁé/g%p
ar;angemant i $Haps btha thdn reetdnigglar.5, an el enent 10a and an el ement 10b, each
of “which are the sane as the el ement 10 descri bed above) are arranged such
that the surfaces 24a ahtPssomss fRanayopreterablyPe godesedi A aratast W adradE Py 10
rel ationship. . Si.m.l: - | Cqpnsl - ich
are al so the $: ?r@eég{eh\%mgﬂ%ebﬁ@ﬁ?a%eS§2’s%(??5g3{]4£\g@g? H’%r%%'?%%%&%ﬁ%é t hat
t he surfaces 2daivarchx?4b. Phefemoly, Butaothespnadd, thaoblidueglaneoimtersici agn angle
relationship. In addition, the surface ?2b of el enent 10b and the surface
22¢ of el2énendf about Y geldfi¥g g apptheitTdg Pbligywn Rlangsiee e prefassdnamngrhpe
arrangement provides a static mxer structure 6Q i.ch is e of 15
our equent | 1R Perams. £ Sispeidihah arel6ar Bod e ate e’ 1Py BRI 80 may
then preferab I ol e art,. L

appreci at ed b%lfyct0 Eag"s“gé \gﬁ ﬁg]red1 P\r/]%rn{% hgtfﬁ g?fos%b%? P ﬁ‘ggsa&? ? H%rdng oéﬁéan%muolﬂe(e'g'

i nstal | ation) 3@ pouy.alAst danbe SdehUsiituRE1y6@ FIRY4 bSla@td OXeH42 lare Eibpce@Yient ,

it my be preferable to rotate adjacent structures 60 relative to one
anot her as shegewerally parajlel, laterhlesakgd rebaviondhiyrebadivadeone avothect lukesis6Plamy be

r ot at ed abqut relative .to one, another. ile the structures 60

et er abi ) | ndD debairebionted 1t GrRetin G B biterlly siised Fo R gt e 1o one
appreci at ed t hadth&PaFt&es BB RAS 43K dsRBePEOK B FeRBEMBRIN plABs £ SN ohd O
facilitate a particular application. The structure 60 is only a possible
arrangenent ofinsaifd#&sndilenenh.sis 0 tecseor dibng 3t e ghnesall ypeerenidenlar Otalesr16.
possi bl e arrangenents woul d i nclude, for exanple, ( 1 ) 25 having all of

t he stacked saddl e el enents 10 arranged in the sanme orientation) (2) having



each of the stacked elements 10 always rotated relative to adjacent

el emrents 10, and (3) having.the stacked el enents 10 arranged randon’ByJUN 7007
and/ or aperiodic. In one preferred arrangenent which facilitates the
arrangenment of the stacked saddle el ements 10, the sanme are equi pped with
not ches andwbapsseo Ot her registration neans at the edge surf@megesaddrs and
24 of the support ring 12 as shown in Figs. 6A, 6B and 6C. In this case a
tab 82 is | ocated on edge surface 22 of ring 12 and another tab 83 is

| ocat ed on edge surface 24 of ring 12. Ta¥s 82 and 83 are di sposed in

| ongi tudi nal alignnment relative to ring 12 at 0 7 JUN 2002 WO 00/ 78440
PCT/ US00/ 17014 g_ posﬂi’rpfmsblmema@rze ‘fls‘éIOfdhﬁf exosfbarsehi inadach planseriitical | y
90 relative to | te ecti 1hav

ol tive to CBsoHS5E RaRERbL IF prkfera P Rt APl B o (s TD By 12
at a positi orﬂeldndsmtﬂ )fe]@ﬁ@é)% tehet afotBed- s\t 102 prebdit Cépa8d Bhlp@k\sagé&@yéﬁ@s a
mati ng shape relative to tabs 82 and 83 is |ocated at edge surface 24 of 5
ring 12 at athrsebeatveen. V\Aiﬂdhlslcsn bf:fss@tmgbeﬂngSalﬂw@QrossthnSS””sqfemeablane are
arrange no 1.and ces th

2Lt ot eq as SESTEP g raeto ey & G AERBrE sl RStk ek 1aly T T Mo
saddl e el enenrtsysdfts BAYS NG vENRaRAATR cORdrN @ERBA A M ahbACd@hubhstRp ielﬁzwe to
group, followed by another group of two saddle el enents 10 where the
orientation itke spucedt3dt efdan THerseqtmguplure and an smaffset rdlxemskiprigbativeetosthai | ar
to a SMX 10 m xing el.enent having m xing t andar d
Static i xer CERERER2T0 B BR iR PEEEY KB BPBR T rsiigientis g o R e e
invention i s HpmBéMiakdsybdrREEhe intéh&iing ke br@tfﬁ*ﬁﬁ)eﬁddcﬁ'&i (6108 BRANSr alendMRkCh
are inclined at an angle of approximately 4 relative to axis 16. 1he

axi al | elrﬁ)gt h lioe oé sdérsedtiomsatthat 9 rigye bty l%lbl?MtdC@ Rially, weege stailbpat least

di aneter. ructur 0 whi c 15 i.ncl udes four,beir%rrents 10 wi |l havet )
an axi al IenE?LH%"iS frsigce E‘ Wltﬂ% £V R MY X R IB A Ser of the pi pe.

The support ring 12 prefghesfeledbkt Yo traws 4t Recap deBeaxital il £88cHAsrddpemesi, ght
of the w shape structure 52, but it mght al so be | onger at one or bot h
ends in orderfestublﬂcea(h@mWDﬁN%mUWéﬁrqsh@hgamﬁéﬂy tocated erpssbars 323, 32,

structure. accord h invention, a.statjc rovi de

ohi oh 20° comPr S0 A ek’ of. Aohp bR P B ACellshcHer P hEPEL 1o
each of mhi Cbnﬁ%ﬂgwﬂ{@m@enﬁﬂm@&ﬁﬂyﬁrbﬁmm psih 28. AYBRMelsterd tifAHdk 84 hAd 96 SMX
structure, as shown in the drawi ngs. The individual elenents can be

produced usi 9§ 3“%5(%)@!3%@1@%%‘@@ tgimner suréack n§ af moeatininipnieh wadidcenatasuatace of
h d f d
The 1 ng- hapen P AUTEe SEPHOR U e o SRCkabia ey bS8 Dt 2

singl e int egrehn@i@cdio B2 MEXPBRSIIVIE s ATRIRENRDrReRCHtnIe [Naedesh prEh:eably
strength is increased at |east four-fold in conparison to conventi onal

const ruct i on.PoTRiogedFengiRlly PHFlowHmthy 3@ s s oressmmepll watessechvgh wkisHor esul ti ng
reducti O3h in pressure d'f'i? end'f‘sbﬁlt %\%Q@&%bfrs %?E?qatn?s 46‘ aR 4¥q§{ersect.x§nrc90r re

facilitates the enpl oynen rd prp can be“fu i nspec

The el ement s atarhdd@ogeehar\aelined Bl Thegamesk. intthRcSorgllige Q@fﬁiﬂdiﬁztde@ﬂc]ﬁ@aﬂhe
el enents of the invention enables the manufacture of the sane out of

pl astic usi ngresshre smrinaverlan; adhe Biersastian gy bafat osreundior PEsse p éhaﬁ)zége
o STt TS 105 435 S PR RES) P2 e sl RPRE ARl B B abe AR ©
i nvention facidditfoatEthickness and material in this region to the crossbars. The same apphes to the
25 intersection line 46 of planes 38 and 40 and the intersection line 50 of planes 42 and 44,
near the opposite plane 30.

Ideally, as can be seen in Fig. 4, the arrangement is such that end 34a of
crossbar 32a of plane 38 is firmly attached to mnner surface 18 of the nng-shaped support
structure 12 at a point near plane 28, end 36a of crossbar 32a is firmly attached to end

30 36b of crossbar 32b of plane 40 at a point near plane 30, and end 34b of crossbar 32b is
firmly attached to end 34c of crossbar 32¢ of plane 42 at a point near plane 28 and near

line 48 which extends through axis 16. Similarly, end 34d of crossbar 32d of plane 44



1) the use of an arrangenent whereby four saddl es having the sanme
"orientation are stacked in a-first group, followed by anqther four (siadiéN 802
group where the 5 orientation is rotated 90; 2) the use of an arrangenent
whereby two saddl es having the sane orientation are stacked ma first

group, foll awedohsss@not her two saddl e group where the orient atdgc@iusda/i7o14
rotated 90; 3) the casting or injection nolding of each saddle as a single

structure | Ow th a surrounding ring-shaped support structure; 3 4) the
orientation of the individual elements by-providing notches and tabs or
other registration neans mthe ring-shaped support structures and/or

saddl es, wher éblyrmipattachedde umes syrbaccd afgbpuheg-blyaped sopruot $tokkurg 18rat epoed  at

ill: 5) th f ri.ng-sh t .Struct dd i ch t
15 the sane i HeGainesr S0 BarEr el PR 038 i by Radsn FEGH el htalt e 1 g
patterns of %pﬁh@m 2P Y5bi AARAAB ARe B00ABMiiGh HRAETH: ohBS IR e vOhasdaRReS

. of crossbars; 6) the use of saddles are nmade up of individual cast or
* wel ded bars, ol cwiskiop onntéachuntet byesdior repifogreofenpand/ @rtatfaulitpleatastng. wi t h or

Support ot uctur oe.whi o PRREUETBAN 4P a5 ER inYln et sers ey ang Ferrerp pdiecd
COMDONENts. focAlbl 2RIOR nclck FrAh B bhe AnRAGHE uFLORRInchOR ushhitis

m xer conprising: a generally ring-shaped support structure having a
central axis, Fepidcénhea drewingsedn apocfomedarrangenieat!illystspatiadig. 5, an element 10a

i nf tiall t endj f first i.al d,
general Ly par a14 i SEtgRC I et S50 oM amecisePEclsmag [hosgred thavh 3 ow
pat h whi ch extgidsdalionthap tHebuitss 248nd RU4Re 86 {rRERDoRLI RInAOE ALRACHR:

respective generally parallel transverse planes which are essentially
per pendi clfl ar relathatshipe Similady,dnakénsent dAd ard pi elemknt Y0do £aan ofevhidoarp alsenbes

| ochted in said flo ath, said co nents having a first e ich i
closer to t hostpaiePemept B SrORloa rar Dageeithabi ity THEE Ar b IAh
plane of the gReQTdredi960R0% fhabksehladitE x’éﬂh@n‘%h‘i& & QRRSorl, thel fUPraLd BRSYELT Se
pl ane of said second edge than to the transverse plane of the first edge,

sai d mi xer corjeoreent6b bed nhe aunfaneg2t dfhelamente Hkt arevd spepdnmnsitéditconwetig ng
. oblique planes, each of,which intersecting obligue planes.is.di.sposed an
angl 6 relatt vEIpEmatPy ThR AaReqBE st e g ar vrBre SarhiBinBeiem &
each sai dil apgur #Quéhiaf9 MPIRIPped AhdiPRRAl BleARftsaI® SRACAFICARAF0 dy REQVI de
openings for fluid flow. "2. A saddle elenent as set forth in claim1l,

wherei n sai d omigreblyveplasedpr & pwed2dostsided suppod. Wirewdl e appeeaiatepby thoseof
crossbars of each. bl ane: e o 380355 o RSS! 3 hiraRE & LelouliSl 85100 P

employed. In this event, it may be preferable to rotate adjacent structures 60 relative to

one another as shown 1n Fig. 5. Ideally, axially adjacent structures 60 may be rotated

20  about 90° relative to one another. While the structures 60 preferably include adjacent,

) contacting elements 10, it should be appreciated that spacer rings could be provided

between the elements 10 to facilitate a particular application.

The structure 60 is only a possible arrangement of saddles elements 10

according to this invention. Other possible arrangements would include, forexample, (1)

25  having all of the stacked saddle elements 10 arranged in the same orientation, (2) having

each of the stacked elements 10 always rotated relative to adjacent elements 10, and (3)

having the stacked elements 10 arranged randomly and/or aperiodic. In one preferred

arrangement which facilitates the arrangement of the stacked saddle elements 10, the

same are equipped with notches and tabs or other registration means at the edge surfaces

30 22 and 24 of the support ring 12 as shown 1n Figs. 6A, 6B and 6C. In this case a tab 82

is located on edge surface 22 of nng 12 and another tab 83 is located on edge surface 24

of nng 12. Tabs 82 and 83 are disposed in longitudinal alignment relative to ning 12 at



3. A saddle element as set forth in claim1, wherein said conponentg7ayg 200
arranged in four separate oblique planes, said oblique-planes being
arranged in two separate pairs of oblique planes, the oblique planes of
each pair being disposed in generally parallel, laterally 0 7 JUN 2002 a
-11 spaced mabadipship relative to one another, the oblique pcangspoatorach
pair being disposed so as to intersect the oblique planes of the other pair
al ong lines which are generally perpendicular to said axis. 4. A saddle

el ement as set forth in claim3, wherein shid conponents are crossbars and
at least two of said crosshars are arranged in each of said intersecting
obl i que pl aneBosiagig witieh aierpfsgicicqusdfersariallyofsserbieHy §96F rejafeveplodniersgeeng line

di sposed i n ggper,al rallel. t eral latio A saddl e
el enent for a%s]'t éA‘t ?(Lctx%!%ieh%bbngrr‘f)ﬁ agfinggsﬁd%eyrﬁzaﬁggggItéb%rﬁ%ngﬁgbsggcgﬁg%re?gc

struct ure haviaca 2eenistgdoredths 12 a0npedtion Glrédﬂllyetfé)paﬂfé @b 8er ,Adotiskraldidh 80
spaced, circunferentially extending surfaces, and first and second axially

spaced, generwhich ajsamak panatiagghapsueltivet, tabseh Zndnids lasaier ac edgeessuriaragd af

fluid flow path i.ch extends. alo b8 ax] i d edge surfaces bejn

ocated |5 §oapeltiiGdofikE R SR P fof i, G B GPER o RE R
essentially pm,me@qa%ﬂs%!z, S Eeftds\MBe hRr sa@rdammmedmem@nag H{a@hﬂn'fe){q éseHbrer
conponents |l ocated in said flow path, said conponents having a first end

whi ch is cl osde stasktinsueh ansyehsatetwsl siddlegfierseritgl 10 ihavmng dbigysamér gnentotiphare
transverse pl ane of the second ed and second. end ilch is. closer to the
tranever se bl andeaim & i BEEBouoLdT o7 e RS ine FR e pla i et
first edge, s@ishidioneis JOOFPRARRAN Thibebstlls af haRdRdmixer dirudiBRSHimiRH ko Seamat e
obl i que pl anes, each of which obllgue pl anes is disposed at an angle

rel ativel®o saixinggiementshavinomixingelepeaies Lfdrdy5arranged in two separate
pairs of oblique planes,, the obliqgue.planes of .eac ajr.being disposed, in :
general ly parallel, |at ér%‘f']dyl_“g%ﬁ[éea]l’?eerlea nlqe(')]ﬁsl iwgn&egat’?@g {h(gq)(ﬂ?fgl ‘F‘lso%rhder,
the oblique ptanessof theatln®dad & typidhily midboPsHdAt 213 ileisedindiceReba€ 33 Whih t 0
I ntersect the oblique planes of the other pair along |lines which are

general ly are inclined at an angle of approximately 45° relative to axis 16. The axial length of each

element is typically about 0.25 times the pipe diameter. Thus, a structure 60 which
15 includes four elements 10 will have an axial length which is approximately equal to the
diameter of the pipe. The support ring 12 preferentially has the same axial length as the
height of the w-shape structure 52, but it might also be longer at one or both ends in order

to leave empty spaces when the saddles are stacked in a structure.
In accordance with the invention, a static mixer is provided which
20 comprises a stack of individual ning-shaped support structures 12, each of which ring-
shaped support structures 12 supports a saddle 14 of SMX structure, as shown 1n the
drawings. The individual elements can be produced using inexpensive precision casting
in a simple mold. A stack of such pieces may be disassembled for cleaning and visual
inspection. Because the ring-shaped support structure and the SMX saddle may be
25 formed as a single integral piece, no expensive. machined pieces are needed. The
strength is increased at least four-fold in comparison to conventional construction. This
allows for the use of thinner materials with resulting reduction in pressure drop. Use of
these elements in polymer mixers facilitates the employment of standard pipes that can
be fully inspected. The elements can be removed and cleaned. The simple construction
30 of elements of the invention enables the manufacture of the same out of plastic using
conventional injection molding. The plastic static mixer elements may be used in

applications where disposable parts are desirable.



per pendicul ar to said axis, wherein said conponents conprise crosq?pr 0
" arranged in an elongated, generally w shaped array having a pair o g@%&g%
ends, said array being disposed to extend laterally across said flow path

- Wi th each end thereof being attached to said inner surface. 6. A saddle

el enent as WEx00f78440h in claimb5, wherein at |east two of sai dPEFHS8YHEII4 axe
arranged in each of said intersecting oblique planes, and wherein the
‘crossbars of each oblique plane are dispQ%ﬁﬂ in generally parall el

| aterally spaced relationship. ?. A saddle elenent as set forth in claim§6,
wherein two of said oblique planes intersect at a |ine disposed essentially
in the transverse plane of said first edge and whi ch extends through said
axis, the first ends of THhRaGkQSTIR SreSint HiefhidiVRcHftarsai d obl i que pl anes
bei ng connected together near said Iine. 8 A saddle elenment as set forth
in claim7, wherein thel)irstheapriolin arangementeithesehySonasaddles having she wiie que
plane is attached.to said,inner.surface.at a,location ad] .acent said first
dge. the secotiosg B ael L el boRE oty fe SRR TnE buff enfhste e
attached t0 theneeoandrdesicd of°:t he sel ected crossbar of the first oblique

pl ane, the first end of said selected crossbar of said second oblique plane
is connected to the firZt endeate af acirenigetennassdnriwofsaddiehhiving e e

pl ane, the second end of said selected crossbar of said third oblique plane
is attached tYeNHEIOBSEOHFKERH dfirsheuppaiollayed pyhanashsr typ sadgle grauR W Hige

pl ane, and thﬁﬁ%ﬁﬁﬁ%i?ﬂﬁa@ﬁ9éhe sel ected crossbar of the fourth oblique
plane is attached to saic} i nner surface at a |ocation adjacent said first

edge, said sel ected cro3¥sbartheexstiapdringcliat moldingof asthasddis as akifiglastdudthrew

pat h and resenting sai d w shaped array. 0 7 JUN 2002 -13 9. A saddle
el enent &9 seVth FPROYTHing AngrSiAPC ARPOTSIRISIUEE: | nt er secti ng obl i que pl anes

i ndersect at an angle of, 00U oo cHdr e RAAEA o RLERBH, 135036 pbRED"

claim7, wherein said oblique planes are posed at an e 45
, relative to sabdoawthsr rekistrafos addhe irethe gt shagedsaippbarstriictures cndionsdddles,

wherein about 4 to 8 crossbars are 12. A static m xer struciure conprising
- two saddl e el BhERPYthesHRHUES MpyDedagdarly errdapticalyereated gt Wéﬁ?gener ally

ri ng- shaped support strygcturg %%W?%f‘ﬁé%i@g%’?ﬁm&p gglgg@hw?ﬁn&nd

outer, radially spaced, C|rcuﬁp I'ng surfaces, an st and
second axbal | e spaeent, stgenee apirticyan yltd grovady fos ek firmples altemnpuing pagems wf f ace

defining a fl éjriogsb];rls%\{)vd %gstsggégh ain%r %ﬁ}e(afgrgtsmc%lngtri]&s or shapes of crossbars;

6) the use of saddles which are made up of individual cast or welded
bars, or which are made by crimping of perforated plates, with or without a ring-shaped
support structure;

20 7) the use of ring-shaped support structures which are welded, brazed

or glued to a rod of mixer components.



said axis, said edge surfaces being |ocated in respective generallﬁ
- parall el transverse planes which are essentially perpendicul ar rel ﬂLum;mp
said axis; and a plurality of mxer conponents |ocated in said flow path,
satd conponents having a first end which is closer to the transverse pl ane
of said first edge than to the transverse plane of the second edge and a
sacond end which is closer to the tragmsverse plane of said second edge than
to the transverse plane of the first edge, said m xer conponents being
arranged in at |least two separate intersecting oblique planes, each of
whi ch intersecting oblique planes is disposed at an angle relative to said
axis, there being a plurality of said conponents in each said plane, which
componditAIMS each pl ane are spaced apart to provide openings for fluid
flow, said saddle el enents being arranged with the second edge surfaces
t hereof disposed in mated, contacting relationship. 0 7 JUN ?0D2 -14 13.
A static m Xxer styruct s Qadddd1¥leinshtYar A stafit mifé&%ﬂﬁwisfn@@ rd and fourth saddle
el enents, each said saddle el enent conprising: a generally ring-shaped
support structure hayi a central ax] ongcentric inner. and out.er,
radi al |y spaced, a&"’}‘%’iﬂﬂ? gigﬁﬁ?paefiﬁi}p%g{t %ﬂﬁﬁﬁ& ﬁ%‘ﬂ% a Genural gxis, coppeninic pipeg apdng
axially spaced, generally parallel edge surfaces, said inner surface
def i ni Quter radiaily spaceds pizdumtausntialbegitenting surdiess, sud firskand sesendiapigp spaced,
surfaces being located in respective generally parallel transverse planes
whi ch gereraiysparailellelye pefaoes)daiduihser sudactdefiaidga Swiddloaxpsh whikh ExtOddsrabng Y
of m xer conponents |located in said flow path, said conponents having a
first gngdawich is closer to the transverse plane of said first edge than
to the transverse plane of the second edge and a second end which is closer
to the transverse_.nl an b e tr verse plane of
tha first edge SHORE saaaEbERIGRR SRRt i B RTIAE R piane
separate, intersecti obl i,qu |.anes, each. of ich intersecting oblique
pl aneswsg,clhd’t"% Bﬁ?ﬁ’é‘éﬂ&?p%”gﬂ@‘raée‘?l@“&t PFBIGFISANY axis, there being a
plurality of said conponents in each said plane, which conponents of each
pl ane are spacedaphaelitytod nyxendomponpeta iorgtediin saifl Iflowipath.eaid comipbneatsdiaging
el enents being arranged with the second edge surfaces of said first and

a first end which is closer to the transverse plane of said first edge than to the transverse plane of the

second edge and a second end which is closer to the transverse plane of said second edge than to the
transverse plane of the first edge,

said mixer components being arranged in at least two separate intersecting oblique
planes, each of which intersecting oblique planes is disposed at an angle relative to said axis, there
being a plurality of said components in each said plane, which components of each plane are spaced
apart to provide openings for fluid flow.

2. A saddle element as set forth in claim 1, wherein said components comprise
crossbars, and wherein the respective crossbars of each plane are disposed in a generally parallel
relationship relative to one another.

3. A saddle element as set forth in claim 1, wherein said components are
arranged in four separate oblique planes, said oblique planes being arranged in two separate pairs

of oblique planes, the oblique planes of each pair being disposed in generally parallel, laterally



second el enents disposed in mated, contacting relationship, with the second
" edge surfaces of said third and fourth el ements di sposed in nated, (7 JUN 2002
contacting relationship, and with the first edge surfaces of said second
and third elenents disposed in mated, contacting relationship. arranged in
each of said oblique planes. 07 J UNZ2002 -1 ~ 14. A static m xer
structure conprising two ofthe saddldlel enents of claim8, said saddle
el enents being arranged with the second edge surfaces thereof disposed in
mat ed, contacting relationship. 15. A static m xer structure conprising a
first, a second, a third and a fourth of the saddle elenents of claimS8,
sai d saddle,el.ements bei.ng, arranged with the second edge, surfaces of said
Frrst ® amRcen EORPTEN B REALe 1 sRetier, i chlale pLBiE Gbedchdaieing Gmcene o i
t he second edge surfaces of said tlurd and fourth el enments disposed in
mat ed, ingersent theopliquk pldnes efithg othengainialongtlines whichtare dereeraliy papesliailasti did
second and third elenents disposed in mated, contacting relationship. 16. A
saddl e gtignent as set forth in claim1, wherein said el enent conprises
regi stration nmeans for aligning the elenment with an adjacent elenent in a
stack of elenents., 17. I set forth i.n claimil6, wherein
said registrati on4heané46\ 8%&“};%{63?@& irgﬁtgfb?%bl%aﬂaﬁﬂc?t’ éﬂ’%‘?‘&rﬁ?ﬁ gompgnenss are
saddl e el enent as set forth in claim 16, wherein said registration neans
conpr i seessbars angrat jeapt tvg S s¥d crnssharnare arrangeddp each piraiddnterseatingekliqugiplanes,
| ocated on the second edge surface, a first notch having a mating shape
rel at i vand wherainctht atesstacsafteach abligripthrkeiarsdispuiged irsguneadly ardlel 1aeediydpagddch
whi ch al so has a nating shape relative to said tabs | ocated at said second
edge suUffAfashipai d tabs and said notches being positioned so as to cause
th&del enent to adopt a preestablished position relative to an adj acent
saddl e el enent . 12. A%ﬁ&dl e el (imentt @s st forth in claim18, wherein said
tabs are di sposed i A 13RI eGP AFAUTMINGE COBPUSINE'e to t he support
structur a at positions which are offset circunferentially essentially 90
relative to a pl aA&engiplbhringrehapad suppartstragiure having aceptrakadis conesntriq inper and
where said oblique planes intersect. 0 7 JUN 2002 -16

outer, radially spaced, circumferentially extending surfaces, and first and second axially spaced,

generally parallel edge surfaces, said inner surface defining a fluid flow path which extends along
said axis,

said edge surfaces being located in respective generally parallel transverse planes
which are essentially perpendicular relative to said axis; and

a plurality of mixer components located in said flow path, said components having
a first end which is closer to the transverse plane of said first edge than to the transverse plane of the
second edge and a second end which is closer to the transverse plane of said second edge than to the
transverse plane of the first edge,

said mixer components being arranged in at least four separate oblique planes, each
of which oblique planes is disposed at an angle relative to said axis, said oblique planes being
arranged in two separate pairs of oblique planes, the oblique planes of each pair being disposed in

generally parallel, laterally spaced relationship relative to one another, the oblique planes of each pair



20. A saddle elenent as set forth in claim 18, wherein said notches are

of fset 90 about said support structure relative to one anot her. 22]] A‘éN
saddl'e.el ement as set forth in claim 19, wherein said notches are 7f 10gb
~about said support structure relative to one another. 22. A saddle el enent
as set forth in claim21l, wherein the notch at the first edge surface is
positioned directly opposite the tabidn said first edge surface.
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crossbar of a fourth oblique plane, and the first end of the selected crossbar of the fourth oblique

plane is attached to said inner surface at a location adjacent said first edge, said selected crossbars

extending laterally across said fluid flow path and presenting said w-shaped array.
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10%<& ( outcr, ra?hally spaced, circumferentially extending surfaces, and first and second axially spaced,
generally parallel edge surfaces, said inner surface defining a fluid flow path which extends along
said axis,
said edge surfaces being located in respective generally parallel transverse planes
which are essentially perpendicular relative to said axis; and
a plurality of mixer components located in said flow path, said components having
a first end which is closer to the transverse plane of said first edge than to the transverse plane of the
) second edge and a second end which is closer to the transverse plane of said second edge than to the
transverse plane of the first edge,
said mixer components being arranged in at least two separate intersecting oblique
planes, each of which intersecting oblique planes is disposed at an angle relative to said axis, there
being a plurality of said components in each said plane, which components of each plane are spaced
apart to provide openings for fluid flow,

said saddle elements being arranged with the second edge surfaces thereof disposed

in mated, contacting relationship.
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outer, radially spaced, circumferentially extending surfaces, and first and second axially spaced,
generally parallel edge surfaces, said inner surface defining a fluid flow path which extends along
said axis,

said edge surfaces being located in respective generally parallel transverse planes

) which are essentially perpendicular relative to said axis; and

a plurality of mixer components located in said flow path, said components having
a first end which is closer to the transverse plane of said first edge than to the transverse plane of the
second edge and a second end which is closer to the transverse plane of said second edge than to the
transverse plane of the first edge,

said mixer components being arranged in at least two separate intersecting oblique
planes, each of which intersecting oblique planes is disposed at an angle relative to said axis, there
being a plurality of said components in each said plane, which components of each plane are spaced

) apart to provide openings for fluid flow,

said saddle elements being arranged with the second edge surfaces of said first and
second elements disposed in mated, contacting relationship, with the second edge surfaces of said
third and fourth elements disposed in mated, contacting relationship, and with the first edge surfaces

of said second and third elements disposed in mated, contacting relationship. arranged in each of said

oblique planes.
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the saddle elements of claim 8, said saddle elements being arranged with the second edge surfaces
of said first and second elements disposed in mated, contacting relationship, with the second edge
surfaces of said third and fourih elements disposed in mated, contacting relationship, and with the

) first edge surfaces of said second and third elements disposed in mated, contacting relationship.

16. A saddle element as set forth in claim 1, wherein said element comprises
registration means for aligning the element with an adjacent element in a stack of elements.

17. A saddle element as set forth in claim 16, wherein said registration means
comprises mating tab and notch elements.

18. A saddle element as set forth in claim 16, wherein said registration means
comprises a first tab located on the first edge surface, a second tab located on the second edge
surface, a first notch having a mating shape relative to said tabs located at said first edge surface and

) a second notch which also has a mating shape relative to said tabs located at said second edge
surface, said tabs and said notches being positioned so as to cause the element to adopt a
preestablished position relative to an adjacent saddle element.

19. A saddle element as set forth in claim 18, wherein said tabs are disposed in

longitudinal alignment relative to the support structure at positions which are offset circumferentially

essentially 90° relative to a plane which includes said axis and is parallel to a line where said oblique

planes intersect.
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about said support structure relative to one another.
22. A saddle element as set forth in claim 21, wherein the notch at the first edge

surface is positioned directly opposite the tab on said first edge surface.



