Static Mixing Technology

Introduction

‘[N meenl  yeam, several  trade
names have appeared i static
mixing mren. Kenics, Sulzer, Koch,
Prematechnik, Komas, and Hi-
mixer are amongst the fifty-odd dif-
ferent types of muxers that are musr-
keted in the Western world, Most of
these were developed in the last
15-20 years. Static Mixing Techno-
logy s, hiowever, many vears old
Earfiest mention of it was in an
Amencan Patent issued in 1930,
where a twisted helical type was
used 1o improve the heat transfer,
Since then, stalic mixers ane uwsed for
several different types of operations
imvolving gases, hauids or solids and
often more than one phase Oper-
atons such s aemtion, blending,
mixing, hesl or mass transfer ane
successfully improved with static
mixers inserts. This article explains
the principle of working of these
mixers. Also some of the published
data that anc available on the satic
mixers commaon in the West, ane
alw analysed to elabormte thes: con-
CETHE

Principles O Static Mixing

Static mixing ks achieved by put-
ting o series of well-designed ab-
ructions in 4 flowing stream i
such a way that the stream & period-
ically divided; the parts obtained
thereby are displaced through a cer-
tin angle, usually %7, The gream
m1ltthushcdiw:dndinmqnumhcrlul'
smiall parts which are mingled with
each other. Fig. | describes how the
mixer is placed in a pipe.

Al extremely  low  Reynolds
numbers (38y = | in & pipe), when
the elfects of secondary mobion or
whiirls created by the mixing ele-
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ments are absent, static mixing may
be considensd 1o be purely distribu-
tive, It means that the llow division
and displacement through a certain
angle are the only opemting me-
chansms. A simple rule may then
be derived 10 predict the number of
lmyers at the exit ofa tube; it heing:

N=cixn)" ., i
Where N is the number of layers at
the exit, ¢” s the number of compo-
nents (or kayersh at the start, 's" is the
number of culting actions per ehe-
ment and ‘n° is the number of ele-
mients. For example, helical designs
havve *s” equal to | and when one li-
quid stream is flowing in a tebe with
“n’ such elements, we have

-

Often, equation (1) will assume a
oomplicated form when elements
themselves have a complex peo-
metry.

Al higher Reynolds number, the
contrbutson off madial Aows towards
the improvement of mixing becom-
es substantial, In such cases, even lor
simple geometnes, the above equa-
tion will not hold Forther, the
ahovie male does not take socount of
severa] melevant  physical pheno-
mena, such as Mow-ratio or viscosity
ratics of blending liquids. Any useful
muthematical analysis taking  all
such factors into consideration will
b deificult and have nol been tned

in the context of static mixers. How-
ever, enough experimental data arc
available o show the improved per-
formance with the use of satic
mixers even in the turbulence re-
gime of flow,
Hydrdynamics And RTI

As in the st complex contmucis
systems, the liquid-flow and the mo-
ton of solid pamicles in a static
mixer anre best analysed and under-
stood by doing resdence time disto-
bution (RTD) measurements. Fig 2
gives typical curves for Fle) function
which defines the volumetric pant of
the stream which had residence time
in the apparatus of less than o; o be-
ing  the dimensionless residence
time, vLm.'a[amumRTDM‘mchic
MIXErs | appooRimales
plug-flow, wl'gch 5 a definite im-
provement  over  pipe-flow  and
stirmed vessels. This is most desined
situation, especially in the designs of
continuous reactors. In solid pani-
cles flow, it appears that the pre-
sence of stathe mixer cin break ag-
glomerates and thus evens oul sz
distribution effects 1o oblain RTD
close 1o the phug Mow,

Pressure Dirops

Fire ction factor f, deflined as:
A
' Npv L

the symbaols having the usual mean-
ing given in the Nomenclature, wene

Frg 1. Btatie mes ing sonceg.
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found g be strongly dependant on
m:gmmun-nrlltnum Fig. 3 de-
monstrates this effect quarititatively,
In order to evaluate the relative effi-
ciency of different designs such data
could be usefil. Wilkinson and Chiff
have comelated the presure drop

«tata with equation similar to that of
packed bed, which is:

- 250,

- i

It is valid up to Re of 100, According
to the same authors, the equation
may &lso be used for visocous non-
Newtonn hquids as long as a gen-
eralised Reynolds number i substi-
mted Generalised Reynolds num-
beris delinedas

#pn"

v (=)

k" and ‘n'h:mg power law constants
obtained from shear stress vs shear
rale daia on a viscometer in a proper
range of shear rates and at appoo-
priate temperature, It appeared that
viscoelasticity, exhibited by 1%
polyacrylamide solution, did not in-
fluence the pressure drop i any
way. This conclusion, however,
should not be taken as applicable for
all the designs of static mixers. The
adverse effects of fluid elasticity in
converging lows on porous media
are well known, Such effects can also
be expected here if the velocity gra-
dients in the directions of flow are
large compared 1o the inverse of the

At g naratised =

Raynolds number, Fe
1 i i 1 A ]
o1 1 10 10 1ot 1wt 1o’
= Sulrer mixers (5MX Typel ¢ — Kenlcs mixer
b~ Japaneie design d = Pipa without ststic slemen ts
Fig 3. Pressure drops,
fhuid relaxation time: scale of scrutiny and segregation are
Pressure drops appear (o increase | determined by the purpose of mix-
mbmmnﬂyhmmeul’ﬂlﬂplm ing, wheneas one fixes the values for

of static elements. However, consi-
dering that a given job is done mone
cificiently and short length of pipe &5
often required, the enemzy costs in
thcfma]amhu&hnﬂnpmrwbe
wery high.

Mixing And Blending

In order o assess the performance
of static mixers properly, the cnitenia
and concepts used to quantify the
quality of mixtures should be well
undersiood. The requiremenis of
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d — Japaness
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Fig ?.-ﬂﬂlﬁﬂﬂﬁﬁd}udhlﬂm {ATD) funciion,

intensity of segregation depending
upon the quality one desines. Gen-
erally,

it = 107 or l0fE) =Ex10™?

appear (0 be accepled values,

Data on intensity of segregation
and degree of mixedness are sum-
marised in Fig. 4, 5 and 6. Hartung
and Hiby used the famous method
of Danckwents to measur: the inten-
sity of segregation; the scale of scru-
tiny being closer io the molecular
size. Their resulis are shown in
Figd. It is obvious from these data
that the presence of static mixers
brings about several times reduction
in the intensity of segregation and
causes consequently an impnove-
ment in the degree of mixing. It 5
noteworthy thal even the simple
shishkebab type of armngement also
helps to improve mixng. However,
one should choose judiciously, tak-
ing pressure drop also into acoount.

Pahl and Muschelknaniz have
done systematic work on the mixing
of static clements in laminar Mow,
They have wsed the electnical con-
ductivity method and have measur-
ed the mdial distribution of the con-
du-:lmo? at a given length. Their

intensity of segregation vs
the length to diameter miio ane re-
produced in Fig. 5. In the absence off
static mixers and thus without the
advantages of the distributive mix-
ing, the mixing in a pipe will be
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rww 10! A One has
Nu=386. ... SIEETEm

ﬁ:rmkmlutm Cnrmmm 1o thess
b are brought about by Sieder and
1wt g Tate and an experimentally verified
o euation: 1 5

u.--1.uﬂmnh.i_'?l= I._%'hT.._...Hl

1o E 15 proposed. These equations should
be compared with those given for
commercial static mixers. A clear
advantage in enhancement of heat
w0 1 L transfer by a factor 2 to 3 appears 10

o 5 0 15 be achieved by the static mixer in-

(Mote: 1= 0 f0,”; Re=8000)  Pipe length to dismeter ratio, [L/D) seris. Such improvement is compar-
& — Pips without siatic flemaents b — Kanics miner ¢ — Shishkebab arrangsment able with the interval fins or an ordi-

nary twisted tape inseris. However,
Fig. 4. Inseuity of ssgregation a1 high Reynolds number, with the mixing-elements onc also

caused by shearing (the so-called | For R pr, }mu‘l.{n-_h :ﬂi"ﬁhﬁﬁtﬂmmmﬂﬁ
ﬁ’fmﬁ Faor h].l;.r\hrlzzmqr li- 1 For turbulent flow, a three-fold

quids, molecular diffusion 3 increase over the heat transfer coefli-
::tmmdrluwwrlmwﬂn:nﬂﬁ: onm s Wu=1.62 (Re.fr. 21" - @ | cients in pipes (as given by Dittus
diffision will nol cause a great deal
of mixing unless Reynolds numbers 5 T T
are sufficiently lange. Further, since
laminar shear mixing is also ineffec- Irtensiy
tive, in pipeflow, al the small length ol

i diameter mtios, one does niol ex- tegregatian,

pect any mixing to occur. The plots 5
in Fig. 5 show the usefulness of the

aatic elements. Mixing of solid par-
ticles with static elemenis has been oE
“udied by Chen et al and Lai and
Fan. Their data are replotted in Fig.
6. Improvements in mixing is clearly
achieved by the static elements, even
for gases.

Heat And Mass Transfer 1w

Heat tmnsfer through the wall ofa
pipe or tube is commeon in chemical [T
and allied tﬁﬂmﬂmﬂﬂﬁm im-
provements are sought after. Several
ideas, such as the use of internal fins
or the addition of polvmer io the k-
e

arg c
mixers also offer this possibility of an 9 L] n 30
improved heat transfer, Together iNote: 1=8fE, costficient of variance;
with the enhancement in the heat T =0.1,Ae%1)
transfer, one also has an extm ad- 2 — Pipe withoul HEtc shemonts
vaniage of mixing, because of which ] b — Indine blender of lightning
one obtains flat radal temperatune € — Kormax mixor
profile. One thus has an exiremely e adalps
useful system.

deskgn
'} : ! — Sutrer mizar (S8 Typel
Laminar flow heat transfer in a Fia. B. lotensity of sogregetion &t low Rynolds numbens.
pipe is described by two equations s ol
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Fipe length to dismeter ratio, (L/D]
Fig. B, Degros af mikedness for wolid powses mixing,

B B 10 12

and Boelier squation) have been ne-
ported in the litermtune, Data on in-
termittent use of static elements fol-
lowed by an empty pipe are given by
van der Meerand Hoogendoom.

Published investigalions on mass
transfer in stafic mixers is mather
limited. Momis and Proctor have
measured the coefficient of mass
transfer from wall o the turbulent
flow of gas and found them 4 times
greater than those in an emply pipe,
Extremely revealing are the practical
investigations of Merchunk et al
where they have used different types
of static elements 10 recover copper
from agqueous solutions with Lix-
type of reactant in a tubular extrac-
tor, They have concluded that they
could extract the equal amount of
copper from a tubular extractor with
gatic elements as from a stirred tank
as long a5 the power inpul was the
mame. Extm advantages offered by
the static elements such as low cost
and case of operation help to make a
choice in their favour, Some patents
on hquid extraction process ako
note the use of static mixers for pro-
ces improvements. Russian interest
in this item is also notewarthy.

Emulsification And Coagulation

Middieman  has  conclusively
shown that Ihc presence of static

drop break-up phenomena in turbu-
lent flow (Re = 3500). Sauter mean
drop diameter is reduced by a factor
1.3, Data may be simply correlated

by
%-xw.‘”-am“" e |

in the mange 107 < We < 10% The
constanl "K" obviously takes much
higher values (0,07 wo 0.30) when the
pipes are fitted with static mixing
elements. It should be noted that the
data of Middleman, which are inthe
range 10 < We < 107 cannot be
described by the above equalion.
One will then need more in-depth
study 1o understand the mechanism.
The writer of this article in a review
dscusses varions mechanisms thit
control the emulsification and also
the coagulation process which may
throw some light on the physical
phenomena in the static mixing
equipment. Successful use of static
mixers for the coagulation operation
in the wasie water treatment has
been demonstrated by Aisin Sciki
Co Ltcl. in their recent patent
Comparison With Slirred Tanks
For a proper companson, the cn-
tenon should be the money spent for
a given job. Therefore, factors such
as capital cost and operating costs,
which should include enengy expen-
diture, costs of maintenance and
cleaning, wastage of proces mate-
rials when chamging batches, ete.,
should be aken into actount. Com-
parson only on the basis of energy
expenditure for pumping or driving
has been done by Streifl, whene he
moles the oty of gatic mixers.
When all the other factors are taken
into account, how the static mixers
compare with the stimed tanks will
very much depend on the particular
provess. But in most processes of
chemicals, food or polymer industni-
&5, one can expect static mixers, if

properly chosen and designed, to do
substantially better.

Choice And Design Of Static Mixer

Processes such as emulsification,
deemulsification (coalescence), coa-
gulation, flocculation, deagglomera-
tion and acration are common o
several industries, It is known that
local hydrodynamics and flow field
has tremendous influence on such
therefore, will accept that a given
static mixer design can do all the job
with equal efficiency. Monc of the
static mixers i the worldwide mar-
ket are versatile encugh 1o do all the
jobs. The choice then very much de-
pends upon the process for which
the mixing unit i being bought. The
concepd of a special design for a
given job has only necently entered
in the static mixing. We should in-
deed be very selective, Remember,
no one type of clements can effi-
ciently do all the jobs. a
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