Motionless Mixers:
Can They Work
In Your Application?

Static mixers are low cost, simple devices, which can
provide a huge impact on mixing process results.

By Mughis R. Nagvi

obonless mixers {also known as the sapc mixer, inling

feiser and prpeline miver) allow for the mxing ol o

of more luids, and also enhance mass cransfer in con-
rinuous aperations. This ciminaces the need for a tank vessel
and a dymamic mixer [requinng @ motor, drive, shake and 1m
pellen), especally where residence time is not a lactor, The
miotionles mixer can also enhance and improve mixing
processes of existing dynamic mixing vessels, via the recyele
loap, with the introducrion of the chemicals prior w the mo-
rionless mixer, instead of having chemicals dumped direcely in-
48] rl‘lr 1-'|.'*~‘|l.'|:

The motionlexs mixer i an effective anewer o the end osers
mixing requirements, Operating inline and continuously the
unigque no moving parts mixer blends and disperses trearment
chemicals into Auid soreams. Consider chese advantages: zero
maincenance, low oost, enengy savings and the ease of msallaoon

Motionkess mixers, as compared o dynamic mising devices,
are maintenance free and have no external power sources to re
lv upon, except for the pump 1o overcome pressure losses in
the miser
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Arthur D, Licde back in 1965, and .||'li"|ll.'|_|‘ by Kenics. By

1988, the 'J':""i-:: was further :r|||1:||w|.| by TAH, tor -:i!'-'ll.h
able throw sway uses to handle two component high viscos
iy applicanions specihically for the adhesives and sealant in
dusery. TAH s baffle type Star-rube desipn was created in the
mid-70s far the low viscosity, warer-like applicarions, com-
monly ween (0 imany .1|1|I|JI..I!|-.:-I|'.. i||n_|u-.tLI|H¢ 1" and warer!
wastewiiter breatment industries,

Stanc mixers have been patenied as Far back as 1895, Even
today, you will find in some processes, our of desperanon, and
due o quick-fix situations, where pipe is filled with borle
cap openers, One engineer stated he still goes our and buys
dog chamns and throws them in his pipe lor muxing,

Chemical mdustrial comgpanies, such as Dow Chemical, came
up with their own designs o solve problems, such as efficem
ly dispersing titanium dioxide and silicares with a viscous
polymer, prior w spinning it into textile fbers. Dow called
156G}, Chher
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their mizer the Interfacial Surface Generaton
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manufaciuring of stacic mixers in Morth America,
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chined or injecrion molded Li'lﬂlu!.{h
180" rwists oo form helical elemens of
:I'I.Ellt'JIiI'ILI and befi-hand romtion. Aler-
nate |:'i|:|;hI:- and left-hand elements are
joined s thar their respecrive leading and
trailing edges are munually perpendicular.
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[hese sub-streams are progressively
recombined and re-divided berween
& r.||'l|1+.|1'|g baffles in an r,wcrlﬁppmng
mannet. | he number of fow divisions
becomes very large, producing a marth-
ematically predictable hlend.

The assembly of clements s inseried
into & tube, which has 3 bore diameter
nominally equal o rthe widdh of the el-
ETRIETIES

Two Muwids, respectively dr.tign.:u:-;l A
and B, are separavely injected into the
semicircular passage formed on either
side of the first element. Then, the rwa
streams rotate doe to the |'|]'|:|.'I|.i;u.| Lo -
sLraint 1.'l!|-lh-¢ hrli!l. as lill:l.- ﬂi:lw a|1:|r||_.:
rthe tuhe

In the first element, therefore, half
ol the woral channel cross section is
filled with fluid A. and the other with
fluid A On entering the second ele-
ment, each semicircular stream is split
due i the ptrp:ndir.ulur nrienation of
adjacent elements. So, two layers, one
af A and one of # fow in both pas-
sages of the second element. Also, nowe
how the low potates in the ﬂpFIIII'Ii.I:t'
dirL‘iliq'll't |'J.IJI|: o 1|!11: ||.'|r'l-|!|'.|.|:11.‘| ariefita-
tien of the second helix.

This process is repeated ar the inter-
face between adjacent elements, o
thar the number of lavers of both Au-
ids in each semicircular passage is dou-
bled by each element. Thercfore, a
mixer containing 10 clements would
produce 2 10 (1,024) alrermate layers of
fuds A and & in cach semicircular
passage at the mixer exit. These layers
I.Ij- ﬂl.'lill I:IfLL'lltll: l-ul'.lﬂ-“. I.El.'ltl'«' I:I:Iil'l -II'I
practice, to produce virrually perfect
plug How mixing,
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Where (4l is the stration thickness,
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aine (L0 & pip{ 1.0}, over ithe number
af i]"'ti.h in the seream, (2} wo the pow-
er of (#) = number of elements,
Motionless inline mixing applica-
fions are numerous, and are r|:1;|1|rr¢|;|
in all types of industrial applications.
The baffle type mixer consists of a se-
ries of semi-elliptical batfles over-
|.l|l|.|-|:|J in a ::Il:p-t' The |:|:|:|||:|;|.|:' genmeiry
ensures effective inline mixing, viroaal-
lv eliminaring density, temperatire
and concentration gradients,
Enhanced |1:|i:|:ir.||r1 |1:|.l the motionless
mixer suggests improvement in heat
and mass rransfer characrerisoics.
keeping in mind as vou increase Flow
rate, of decrease mixer diameter or 1n-
crease the pumber of elements in a
string, the pressure drop will increase,
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MoTionLESS vs. STIRRED TANK
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mixers, more commaonly seen in the process
indusrics, we can relate misedness 1w blend
timnes and eank curmover mies

In a stirred tank vessel, we can ke the
volume of the Huid (gallons) in the ank,
and divide by the fluid pumping capacity
IH;.J.ihrl'l.'l. per mimute], eximing the impeller to
calculate the time (minutes) required for
ane mnk mrmover. Tvpically, in 2 majority
af the cases, the dme required o achieve 12
I:H:ﬂ TaEfTveTs is i.'l1|'|'£i|:|i.‘|’l:"|.| d p'u1|:| Hl.'nn;E
rme.

Somie applicanions may reguire mide o
l=a turnover., depending on process, rex-
dence times and the rypes of impellers used.
In this mining system. random motion oc-
curs, @ well a5 hydraulic insabilice. The
mimiber of sraoons is dithicult 1o pm]in,
as 'n'cu ah 11|-|!|..:.L |-r.:|L\'.:|u|:| il ﬂ.l:ﬁ'.' l.-.l.Ertr.'LI. |."r|.
the impeller acrually goes imo, pumping
VEMsCS SHCAr COCTEY.

I the end degree of mimedness 1s qualma-
tive, and in recent vears with advances in
tech o mixing has arrived ar a sciennf-
ic approsch for both dwnamic and scane
nilxere.

Aak voursell these quicstiods, when using
a muxing device:

* Did you get o mixer o perform the

mixing requined in your process®

* How dis :r‘“ll ML n1i.1|.u|n|:'i:|.. nrr]:'
gree of mixing in vour particular
process!

*You may have wo much mixing o
hu:.hl: o Jirtle n1i'|.i||.1, — CAR YEM tell
by hiow much?

A static mier fire right inmo the pipeline,
and consists of (langed ends, a piece of e
and seme pwistod metal conbigurations in
side to direct fow for mixing, The sanc
mier requires no external powes, and has a
lower capital cost, kower maintenance cost,
as well as bower I'IFH'I'-“iI'IF CTHE, 3% rnmp.:l.m!
w0 che dymamic miser.

The theoretical HI of o satic mizer =
0,262 x pressure doop (psi) x fowrare (cfs).

Being a plug flow device i 2 continuous
operation with very liode remined volume,
the st mmer alse has 3 lower esidence
tirne than the oypical vessel dymamic miver
The static mixer has the potential o plug
up when mixing sludge, certain sharries and
most fibers. Then sgain, the impeller in
stirred tank vessels can abio wrap around
fibers and rag, causing considerable damage
i shafts and gmﬂ.mm. if muct property sied
1o handlie overlnading,

A static mixer has a uniform conmodled
degree of How and shear, where the dynam-
ic minker has sofe |.1:|r.k.|:|i'|.i:r|;'|:;. wath vara
tions of flow and shear dyroughout the ves-
sel, near o and far from the impeller.

When maxing low viscosary flusds (ourba-
lerit fliw) in a static mixer, the degree of
mixing is dependent on flow rae through
the mixer. In a dynamic mixer, you can al-
witys increase or decrease impeller RPM,
aid dungv impeller diamerers to adjuss for
dulllﬁ. i process conditions, @ kg @ the
existing motor allows for increased amp
chraw,




Mixer FunpamenTaLs

Sraric mixers work on the principles
of diffusion, convection and shear o
achicve homogeneous blends.
Blending as depicred by the follow-

ing... is a funcrion of...

F L
Bemidng = f{lll- polh Bl oLy e =, }
My Wy ¥, o ad

Where Be= Reynekls Nombos

= AbInlE viiia

#iag = Yinceaay ralhe of unmiced siresma

2oy = Denaity retla of anmised Wream

Fy¥p= Wolumetric ratia af unmiaed siresms

G S bzar rwic

= Kumbar af #lemesn

Lid= Elemest length ts diameier reilo

M= Iejeetioe @ekad ol wddisle wrean

The Reynolds number can be caleu-
lated by the following, ..

—q157 21
Re=1157 D

= Flow rate {us GPM)
g = Specific gravity
1= Viscosity (ops)
{1 = Pipe inside diameter (i
As a rule of thumb, at higher
ds number (rurbulene Row), we
will need less mixing elements than ar
lower Reynolds. Typically, for spiral
mixers, a majority of applications re-
quire two to six mixing elements for
Reynolds numbers greater than 5,000,
Anvwhere from 12 elements and high-
er will be needed for laminar Now with
1 Reyvnodds mumber a bor less than 5,006,

Userur GALCULATIONS

The mixing and shear rates are de-
rermined by calculating the pressure
drop across the static mixer

= R e
ap, = 1125510 ﬂ”E p

APy = pipe pressure drop (psi)
J=Darcy friclion factor

I' = Element bength {inch)
= Flow raie (gpm}

g = Specific gravity

D = Pipe inside diameter (inch) |

Knowing the pressure drop across an
empty pipe, and the coefficient of fric-
tion caused by the static mixer ele-
ments, we can determing the pressure
drop across the mizer.

AP sumvichiner = 3 pipe * Chiction

Velocity Gradient (6), i3 a common
value calculared vo compare mixer per-
formance in shear sensitive applica-
slons that involve polymer locculants,
eapecially in the warer treatment in-

dusrries.
S &
G-\

Where () is the average shear rare;
p is the viscosity: {is the miver lengeh;
(v is the velocity and A is the mixer
pressure loss,

THE Mixer INDUSTRY

The static miver industry is predice-
ed to be worth abour $100 million!
yvear worldwide, as compared o the one
killion U.5. dollar mrmwi;in dynamic
mixer marker. While the dynamic mix-
er marker is relatively stable and grow-
ing in a single digit percentage, seatic
mixer demand is growing in the seven
to 15 percent/vear range. One reason
could be accredited o the face thar
every day, new applications are being
found where the aric mizer has been
found to have some beneficial use.

As engineers become more and more
knowledgeable abour and comfortable
with the staric mixer, the usage of atar-
ic mixers in continuous applications
TESEE.

Static mixers are used widely in the
CPl industry, which includes polymer-
ization processes, followed by the use
in the warer/wastewater sector, pulp
and paper, petroleum, food, mining
and other relared industries.

Some typical applicarion uses in the
static mixer industry, along with mugh

saring guidelines, are shown in the table
o page 03,

Seatic mixing is partially based on

vebociey and pressure drop values,

Some application suggestions in-

clusde:

* Raw water blending: Two o four
mixing elements, ar a velocity of
one to three fps.

* Flash mixing: Two w0 four ele-
;nrn:s, ut a velocity of three 1o five
P

* pH control: Four to six elements,
at a velocity of three to five fps.

* Chemical premixing: Two to four
elements, at one to three fps,

Oither cormmon uses for static mixers

are in shell and wbe hear exchangers
for heating and or cooling viscous ma-
terials, Injection molding and the ex-
trusion industry also commonly use
sratic mivers for hear rransfer, as well

as uniform color dispersion.

Disposasie Stamc Mixer Marxer

Anaother growing indusrry where sra-
tic mixers are used, is the dispensing of
two component epoxy, adhesives and
sedlanies.

To avoid recycling costs of the sol-
vent used to clean the static mixers,
the mixers are thrown away after each
usage. Static mixers are used in the sol-
id surface counters industry,

The automotive industry is 3 heavy
user of disposable static mixers, with
the use of sealants and adhesives in the
assembly of auromobile components.
The same goes tor the aircraft industry,
and any industry that uses two compo-
nent glues during assembly.

The dental and hearing aid industries
ie Static mixers to mix impression ma-

Recammened
Minkmam Velociny Recommiended
Through the Seagic Minimum MNumber
Process Mizer® of Elemetits
Liguid-Liguid Dispersions'
Divop siie = 1,000 mbcrodns 2 fiisec L |
100 mbchohs 5 frlsec 4
10 ke T=H fuhec 4
Ligquis emulsions 10 fufsee 4
Mulviphase dispersbon 5—10 fefse 4
Dssolved air separation 10 ffsec 4
Flash mixing {waste water rreatment) 3 frfsec i
Chborine blesching of paper pulp 2-3 fuisec S
Simple blending applications 1-5 frfsec 2
"1 s revosmrmenaded thar o minimes foid wrbcivy o 1.0 hiloc b seginiassoed dor merbalent flew sppisaions




terials
']fl.']:liLJ.| applications;
* Revnolds number less than 500:
12 o 40 elemenes
* Adhesives and scalants: 16 o 40
clemenis

ConcLusion

Static mixers are an intelligent op-
(B [al5] |.|.|r CORLIMNWOWS ]“.I.I.I.H.E EI.IIII‘IIIJ”E.
I'hey are used commonly in conjunc-
tian with stirred tank mixers, to en-
hance mixing process resules, Chverall, the
staric mixer 4 a low cost, simple de-
vice, which can provide a huge impact
i |'|'H'I:i|'|‘!_r| I'Imﬂu l‘f‘”ll’!.
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