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4!t!r!4
Sntd) of the hldto4ttonis at pqt\?d cot@n it ol eit inpo,tah.c ii thp.. h ap ohd
u"d?Etdhdine oI tu.h .oluhh!. Th? ba,A hi,nE oppea^ aua"g he tuat )1,,.,_httndt,tdtc of th? pu^ed aturM- the,.Jon n 4e i;f !h. Jortoniug , *ati. in,*"but hinng, noneh, rapena, ohptLud?, ttipnwd iha!; vetocry ant aqueou\ D
otEonic phas.llaw Nt. mtio ercst ietL The certut co,tpostt.,oioroore aisigt Ms
uvd i, thh s!4d! to.onduct thp eteel of the ttudied eanables. Accodtlgtr, N.;U-Jiye
dpenh rs nep e.d?d *itl an exttu 5 6.d lot tzptielion. Morcqq Etuk" & je;ws
laten optinizotio, ,iahon was attopted to det.ththe the aptnun coa.titia s ith
ttspect to rhe sl*lied wiabter .-r cotuha ol 2A balfled s .n cohpa hekts ||ds uytt,
nit, dn insidc liahpkt o15,03 ,h 60, . oit - w \wtcd w \ u.ed u tt* binaa
.tndition. Ih? re\uh\ short th.t tht optin,un conditio$ dt n6inu ba.t niinE.;
lr.4ulnt.r tt-6 t ), tnplitd. tt.t rq),.lip+sed phai !.b.n! tA<A8 crr/, rt.t
uqkort to orya,ic phd:e|low ntte ratio (AS).
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various neih has prcled ro be ben.ficial
id saving ener8y rcquireBenh as
co$D:!rd \yirh cllssical cleclrical drilen
roratir! dhcconr&br {RDC] colunD rr).
iUaDy aul[os t: i hrve obseNed lhe
*istencc ot diferenl llo{ in pulscd
.olumn' Thoueh these Esions are iil
deliied, it k userul lo distins!isn benten
the princinles resions ol operudon Si.e
the pcrfoialed phtes us0ally permn rlrc
pR$age olJhcdispe^ed phase onlr dudng
hxllofthe Nls.d cJ'.1c, ir totlorvs dFr3! .. underlyins.rte usc otjlatisticol merhod ii

t\lRuDr-i'uo\: I tartence. dno ,t.1. Lo\ de, g ..rL'L .C r.,rbEkd id.(.otrn '. {ldi,i r. [,n!s.,,,," .""....
I y ,. l. d " ,li.",e d.Be oi .o,.dcmotr 0,.\ ,n:\i- " . ....,ri ri..i I'o.r.... .t:. , (nr rh.5 s..h.,F ,."" r".""., "..e.\ ', o,ho rn rr tojn oia..y...k- .brnmry.nE
tulrng mciioi, usuxlly sinusoidal, M$suremens ot floodiDS in a puLsed. o*.mor ed ol rl-e co'.r'or . Ecr' .reLep.drer.m.Io....o! ot t-c I.i, ,o olJ.e ne 3.r:o,
d:pr:e.,,..,.de.rq..!1ud.d.air tJ.T tneiorrL.!.otp,are.p". - r' lo c" lrc'.b\. r4l pr. n'J i r,'. re iniria' a.ct.ne na- rnri"n n h,-;.,
''\cl !-.20, a dJe. ro ds'DF. I'e .t-e.Leo'r1 

',ee-.ordo1.. \....-.
lh:r.. 

'r'que 
n iq'.d or ,tooo 1.q .,.\e, ,.,. ..oic. dno:..r., er.rd, rion .n -dd t1 irs

these cunes are presenied t/).

Th€ 1*o basic principles or experimcihL
desi$ a@ replica on and rand.hiarion.
Replication mems a 

'tpe*ion 
ol the baslc

exporiment.Il allows $e esrimalion ollho
expoimenlal emr and lhe deteminallon
of $hether obssed differn.s ln drx
are rcalLy stltkricaliy diliernt, T[us,
Eplicalion pemns $e expeiimenrer (o

obtxilr a nore pEctc enimdle ol rhis
elre* Randohiation is the cornere.ne

l.* asitation dre dops sill rend nor
ilxays ro !! nispe6.d aid ihe behaviorol
lhe coluind Nill nppbaihdte ro rhat ol a
mirer - sctlor. At low agitarion ime.sity,
holdut) is nisn and dec.eases !s lsnaron
intensity inoEass lnril a hininun is
rernen coiicspondjrig h lhe besinninsol
th. transnioi (or dhpdscd) regi.n. The
dislersen region. occu tusat internediatc
dlnaron lflek. h charide zed b] lo*
drcplor coaiescence bclween slcce$ive
rulses The dropJ m la.se.nd uniloim in
size n:ovine Dred.birerly in t)re venical
direorbn Moieowr, the holdup incre.sEs
slo*]1, !s lbe axitaiion i ensfly increrses.
En,ulsion - rlpe .psrarion @cu!s al hish
.snalion ielels, is characierizcd by
rc!&irely smaLl drcps otrd hieh dcxroc ol

experinenlal desier RaidonizoLion
means ihat both rhe lll.caii.ni .l rlie
e{periment material and the order in
which the lndlvidual experiDcnhl nn! r)
be t,eformed .re rmdo L] dele nine.l
Prcper tudonrizalioD will xss(t ii
ivernging out th. efecr of exrrancous
lacLors lhar ma, be pEseni.
Thee bsic typcs ols,tistically dcsisDed
eipe.inrenrs rre mo$ often used iD

chemical indusry Thcse are:

2- Iractionll laciorix! desisn, and
3- Centmi composne rorrhble design,

CCD, (Box wikon composire

Cenlral conposire orarlbLe dcsien s
opplicablc ro opfiniuarion arulysis.l( rhis
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rrtuia' . . e ot rpn. .i ,1d JqLeou. .o organ, floL .aa i] r -0._1-d 
"l\.. 

l.r1lq'.e r$ hed n rr )r,. t'- di.oeFcd phse hoto.f x.uor or ihe_rmnro.. p. Jrn.c^ ot .hrr1{o\me.str"3a"1drr..or
' 
-. .n .ijaiI.E ." b. rle opqdioD o or I ( p\a5s d rte; o n d po\ r.o,., ett.o J,rn, t. to. . orted o.rtr +_ . 

"^C.he krC.I o. .ot .r mdi,.?"J\
. ij€D /-d ap|or!I. or:d..he.o,(. o,-'-_..tr .mo'io; tun.e dek,, .;
":d J1J\!. olod I Liip,e.nar,.r,r rR{n.co.te{le.c o

Ihe ernerin,.nrxl
n$ris ofrhe* tens (hor sefte a; the b6h EXIERTMENIAL DfsIGNl: .:."nrg:.:np eJ mf,rnefr,.c! th(expe,Tr* p!g,Jr.\a .e"l.o..,r..r-1. ,{'lri a pol}Ton 1t. r..e.aJ, o. r poran. pdrr4e, or,.(
'..p ."d '.io ,5( Em.{q ir (' *r rn! -.*. o, o p, ri"a *. -.u* -or, nl ,i'
-kb..4d h....oorr:',,oJnin1 rr ,rc .on.iru. ohc. b.^ n\r,

aliab,. prediction ofde response dara in coefljcienr \vas sudied s the tonmn\;
areas rot iteclly covered by elpenfrenr-
tarioo Th. nudibs olLn!s (P) lariables
ir dre ft!$emaiical model is rheEtorc:
I(P-l)(P+2lr:l, Bnere P h the nuhber of
variables For r[e puoose ot rhe
erJ,erine.ts. 1Irc indepeDdem vdriables arc
spc.lficd lnlo fivc levch. th. snecjnc
vrlue oa rhe nle bvch depends ;rn thc
0unber ol- variables inclL ed lDd rh.
raise oler$hich th€y a. to bes.udled Gi

EX?ERIMEIYTAI VOTI{:
lhc .rFerifrcn*l sclup consiskd ola l.st
secood,f0.05 m iosidc di.nelerand I m
hirli, lccrioned i.ro 20 stlscs {1vith t0
sievrd til.ros dd t0 balnet. -r'he 

ltale
perlordior diameter dqud to 3 ntr virh
iNiional 6ee arca ol20%. The dispesed
fhx\. (sasoil) fed .t th. boftom !o move
uDwds counier curcnrlv to rhe
coniinrous plEse (\rare4 o.lhe physical
prupcrties ollhe contnNous a.d dilpc6ed
phascs aE sho$tr ii Table (l).

Thc erpdihenlal variahlos nudied \crci
pulsc ntqtrencY (0.,1 l6) sr, p(lsc
.htlnLrie (0.5 4.5) on, di:p.scd phase
n\rennrial lelocn! (018j 0.89,1) cm/s.

runction. The prelifrina.) ${ k r. senLp
th. relatioNhip bctweer rhe codcd l.'sL!
(xi wherer j=1. 2, 3.4) rnd lhe
coresponding real FocBss lariatjt.s
a.cordins lo thc rollowins equatiotr rrr:

!1
0.3

2- lD cseorlrnplirudq,A: rl
3Jn caseoldhpe.sed phase

luperrcialvelo! ry. !i x.= !-!j4

orBrnic loq raru.lt. 
^ -

Ihc exterimetrls need€d \acre !5 trms axi
an addnionsl 5 ued as a checku!. th.
desiSnofthesstulsissho[n inT.b].ll)
A fr.del of a secoid oder de-erc. $is
used to appmximaE lhc rcsponse becatrsc
.l ctrnatuE h rhe tue surflco. \hi.lr
pmved to bc.dequ.te appiornmrion T[c

l.l



n Ld \ la-t,,:: ,1f, ... lh. FqLrolheEdre
in Table (r) {iln , .oncta.or .oc.,rJe
o10.856 and an avenge absolure eF.r or
4 ra?d4ri voH/er oorinrm\ono jon_RL\Ur-Ts A\D Dtscl sstoN : - -' ;- m-ir; ;:;;, 1;1.,;; ;;;; -\ ,o ror pJ. q. c.. em..':n! bac" .i.d .loole rd J.p\.. pJrer'

, i,:rr,...ei.:at i| rhp Juo,,J de.11 od' rndiJn nerl.od. lhe op.i z', l
{ rr'.-i ptr' rrc rond'.'o1.,rg.\tr h lBbk,a'
"' 1 e.'po.cd rb-km\i.rirrn.., Th. efecr .i ra,1 \,1,be r Pe.er
"dlr.' Ai'J&..'d1s u\d.dlo he 1'hb.'., hoq in fC.. " ',..\'
e.ea,. hp .. I 'd o.h qr ra r rr h n leDineo'her'4.dt'e.crop..mrr\a.c
u{ii) '1- . 're.r. Jr ooem. lp in ea(h.a ..

rgrre Lloi. ii.^'Jrio ber.lecn r\.
.ori.' z-io. o.ihod 3nd ;-rni.. rPqu.l./nlpr'dio'ando...!'ndnh.
d; "e.( .ordr.Eo o qu,r .[ .t-e h n ! ea \ dem, r rd,ed 

'h '. o\
.fc.rive variabtes. 'thc cfeci ot lnc€sing thc fieqrcncy ol pulsarion,

lnlroducing balnes i. thc geomerry ofthe Peclel .ntrnbe. incrcases *liich resnl
.oturnn ;s atso undor concen, Tho incrcasing in back hiring (reiering b
.'Jnmetrr rn..cipale,l i1 rco,,irE oa l, equation I' sd .lr' oet,\." . hc

n,\,, r'l be .\oli.B.ed ; ar',bured Ih er'er'i.e ba.( ri''r"
mo."\eflcn oihecn: kn-vo,.urt,cJ o{tr-ed i he .o . ruo . phae !0, ..0

D:.r .o-Unn. (.nrinloA'ona* r.k oJ roe aodiriona. dmpleF or ".d.Fi''o;..a.*r"..., , pnJ.e rt,. {er -rr lored Lr*"rJ
n.creotheexen .rb-c^mr\in!.rL I '5'ore\ ie .olin- b\ n.re,rrg ,""
...,tc"t"r.oJ.(ordrn!ro. _ __ (.q,..,.\ nre iisnsDor or .le.eootr.i.

I. vil. rrm* rrr -r\. i" ,' ' -
le .- ---,, ' l. .orrilioL. p\o,e o- b' u'le' r"'

l. Y ',t,::.c 'he 'LrbuLen.e of .1.
The vatue otrire nrodined Peclet nunbcr oriruou s phase, lead ing ro th€ increment

"F orlorc.rled"E...o'br(h:\'rg 1r"_d'n rh. M.\-m\.'g <rJn 
"rCI Pc. , O I i.,nd.rcs.r {rcor-r...,| B.'g.r rgtdtr' ".or(3gaid l'rrrr...i"..h {orqno\ o.."ii c.d 'l.ri.ed I 6 r'eh-vror also.

Prk, nlr be' , Jor'. i'. fiC 2 I
' .lcarlv .rcu rha. b) ,n-.ea .1S I e

, ' , anDlirideolprl"or.on. r\ P..l .rn6c-

. '. , . - . , ta(( mirias. Iie e\phnJrioi pop. .e.l 1
. . : : . J'r".iFp +e "f'..' o- hq'.rj i..1"

. . : ' . i u,etu ,o cinl,n his hetuv.' A,I finrl

.;:;; ..;;:,., i,-",r,;:.,ri,;;" .otr.rL,ion. .n(f!,ins rhe -'r.iio.
'.,- ;d.:;"i;v,;:;, -;..;.- ' '''rsii,r?queo!! 31d snnr ne'



E lled in irroEases in back nixing decrease iD rhc rurbulanc] ol rhc
coemcienr- .onrinuous phase uhich *,ill finally cause
liig rc 3 rcpr.s.nt the effer of dGpersed a decrease inbacknixing. Thk (suh n in
phis. superficial relocily o. Pecld accordance wnh fiose lound by
trLr oerano i iclerr.) \noq.,n.nc.r -fhm,un 6\

ln Peclet num56 wilh incr€asing rhe
supeificial lelocity 10 a oenain poitrt thcn
nads 10 decrease wnh increasing velocity.
nhich re lts a deceasc in blck mixins
ryirh lhis continuous increasing. Thh
behavior c$ be attributcd to, by appl),ii18
a pulss lo lhe colrmn rhe pukarion tbEe
inside lhe cotumn will oause the incrcase
in h,ck mixingas dhcu$ed abole, snd by
increasnre lhe velocily ol the dispeNeJ
phase rhe back mixins ircreases lor rhc
snne eason up ro a Limit, dm rhe lo6e
eained b, rhe droplet tiom the velocity
incrcme.t is beins laryer tho. lhat sained
b! pulsation lhich lvill enfore re droplet
b now ipw&ds in ch.n.eh l*ding lo
decrelse in lhe lurbulency ol the
conrinuo s phde which will nnally cause

Morcoyer, a skthlical study was nade ro
denonsn'ale the inreracrion paD'nele^
effeol on rhe observed equation, and dre
resuhs show rhat only lhe Enns (x x:.
xrr, hls a sisnincant elIect on the
obsetued equation. Thh was also cLarified
in nss. (5 - 16). Table s shows the resulrs
ol thh srudy, therefore, lhe prcposed
equaiion cM be wdue. a in equalion 4,
*hich describes the efltcr ol fic $udicd
variables on $e bsck mixing coenicictrl.
y = 0.2122 + 0.03.18Xr +.0.0514Xr

0.0191& 0.057 rx4 + 0.0t:x xr
- 0 026xLx4 + 0.ut] x'' 0.0171
&': - o.o3l7
0.015&r.........4

a d-edre r -rc. n.. 
'e 

rtn rd al.o c 6, or ' Jr ol o '.riur cl
,ori.d o \a..p-rh, fl d "..lcr a equa.o'.oe.i.c'

noticed drd thil chlnnelins efaecl ryould
diininGh vilh increasing plaie spa.ing.
$hile ngue (4) shows .he elllct ol L
aqueus to oEanic flow drio on Pecler P
nLmber, dnd il.r. be seen cleady ihat by
ino.asins Ihe low ratio a d.crease ir
Peclei N'n6.r was resuhed as a fiial
rtsulr a decEase nr the back mixing V
.oefticient is obscfled Thn can be X

E back mixinscoefficicnt (cm1t)
I lftquency ofpukalion (t/,

Pc nodined Pecldnumber
R ooolinuousioorsanic phase ratio

o
supcrfr cial velocily (cm^)

explrnred N bt dccreasins dre o4anic
phase (dispexed ,hase) now rat
(isr.iasing lhe iado olaqueous lo orsanic
llo{ nrio) rhe rublency ofthecontiruous
pkse wiil decre6e. ln olhe. view ol
poinr, by incre6ing lhe conrinlous flow
rrie (i.ee,shg rhe dio) rhe 8ralitaljoml
tarc.s 1vill bc lager raD the floding
Iorces clujed b! th. dispcrsed lcdinBto a
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