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ln rhir ,(rr!r.h rn rnrlysh and cvrlu lon h n.d.lo ftve olthc tqlEtory
hod.l3, the& nv. Dodeh s.r. chorcn .aong lhe oiheru b.c k .h.y
rcpr4.trl tlrc n.sapprc,.h in nod.li.e ,i|..!iion pr(6s- Th. lirt tnjerory
modol! *iich *ere rnrlyzed .d .v.lul.d r..:
I r Oru.li..trd Ali bod.l (lYr8),
2 r TI.n .r d Dod.t I l97r)-
3 r Chi.nC ..d Ti.r Dodll ir98t,
4' M.cd..rdr hod.r GtA:4-
5 r Choo rld Ticn nod.l (1993),
CoDp*lotu b.scen .he pr.diccd vdus 16B th6. rrujelory mod.L wfth
thc .xp.rlmcnt l d.r, r q frem rht so* of chilhs (r$r, T.n.Lr (rff2),
and Mohrhmed (1939) heE n'!d.,

fi ltatiotr. TmnicnHaE. Depo.irion, Fihq cocil.i.nr,

rj,-r dJr.! ,r..., oL e!4
i..Y..l

d- i+-r 6b.:r.+ i,r.-r €rGi i,. i...l,J.at r.$.3 'rt F r4 6 
"trr .-+rI' u-ai L+) a>!r €iLi! d !. ct-x .ir Jl,iil F . .lL.r &!r eJ,re. l+y Jrii rnl qir CBr . C&.r' +r r.i-r!. iili a!$

1978 .1, sr on.lh dnd sli Ja a CJlrlr Eir.lt
1979 d, qi Tid dnr,L! 4 cJ.! cir.,l

t93s .1, el Chhig rnd rieD 4t s Crtrar 8j,.0
1987 & I Micld. .lrl 4i a C!.r ejrll'

1993 lt y' cle .trd rhtr d. d C!.! ei!'i,
o. iL?Jr el,E6E.er.l!ri. dr.iJ, ti l+!.!.i! ip aJlr. rrrr Fr!

Chi..a 1935, T.r.t€ t9a2 . Molrno.d r49.. O rk|i. ,xl Ali lgt, *t
q.r-ii,r e, (&r 6 o n.lir.d 

^li 
GiJir ri$.llt aila a/ Cr:n !. &!:

De.p lxd filbniion is s plr)sico-
.hcmt. pfoces ii, rlrich rhc
rcmolrl nl nspctrd.d ponicuLare i^d
d od.l ,ratr.r in x nuid nr. n ir
etIcded by pa$r€ fie rrcan
rhdu8ll poous neJh conpo{d ol
!E ul.r s(bsrc6. Th€ florY of i

sNpcnsion thFusn a pick.d b.d of
gEiis (sid, esm.i, rnlhr.cit ,
octivatd ctrbon, ee.)orfi b.asuhs
iR the dep.snion of .h. suspeid.d
p.niclcs onthcShii or fih.r!u ...s
ind trltinut ly th. s.prarion ol th*
paniclB 6'oh th. flunl k nrd.. Thr
p.niclB p*ha inb E po66

. e,', d'B! *I' a ca.fu6 h. ' Loa B{M{ro
n colklsorE clMns, uGnl6iry crBdnor

lt,
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mrdnL Mdd.posndliriousdepths
'lhh is the rcson iorlhlch his q?e
of filmrion i! $tld d..p b.d (or
d.plh) filhiior [Tid and Pry.btr6.

Ihis proce$ is Drinsiceli] r.ansi.nr
lDon{tead, {.rc). as rha d.p.rned
ntu rirl ch.ns.i bo$ rhc g€n.ty of
rhc a{t ditial Jp.c. of rlE filrcr ed
tlu nature dr e loll*t r (filrer
Erairr) $lfa.ss Th:s. .h!trg.s aft
rll.ded i,, rh. rari,ri.ns .l lhe
liru.rn :ilci.trc\ i fi. prss!tu
Jiop llplcall!. &r trrirbl ' cr.a* ol
rlr sfficiency h obxe .d rthen
lolloqcd b) I monoronic d.creu
lhyrld.B ., .r.. I93l; CN@ ad

thc Eaitr indic.ro^ of rhr dytr,nic
b.h.vior oi fic aprarioi !E rhe
iilrrulion qulity hisbr) .od rh.
pe$uE drop hisrory E{ui.cd b
mlifluin, Mifdm lrroughpur [ojhr

TrE arnda nei h I lquaiont d.$rib i g
rt pMr.le rctufl on or fih$ 6ed arc
t cqua(iois propo$d br lwrsrki

(1917).I*eli h!!ed his m.dcl upon
a dcbil.d md lrtlrious micos.opic
e$mimrion ol fte penclDlio and
disributior of icoor$nkn. and
fitr. pldiculare nFnd inamix.d b.d
of nounilom 3ir sdd. Ahh@gh hc
*ol(ql snh i tlotr s.nd filc( his

Tdi.{ory Mod.L.r Dep B.d r 6is

modei could b. apDlicabl. to Fpid
$nd filei!. Hh ba.i. 6odel otislt
or tn. follow,n* qullion lch.ds
lnd Ri.br( 1970; Adn rd

(r)

(2)

iniirl Mhron or

suspension conooiiEion. ns /

and th. macofopic fiicrial baloc.
ad n( susF€ndcd na(d .qu.lid

! : spec'fic d.poln vol. ol
dercqr,vol olbed,cm'/cmr

T : rineoffiltetio...c.
U. sue.rlici.l v.l@ity. cn / $c.

(3)

(4)
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lh. p.rcsily (or vold fnrdon) ol$.
b.d. . .hde.s \irh rim. 6 pdicl.
orumnlrtion im,ws lhhin rhc

(,

f, .lo.alfih.rpoDriry
f,. : inii.l poroliry (porosi!

'rhE inne vadlbl. is cdmcred b,
corccred ri'ne vniuhl., O, which i.

0-t iL.t
Tbe difliEncc bd{ecn. aid

e is usuill) sn,ll lfo c ignores ir.
ilrc mmbiir ig Equllions (l) and (2)

'rmilddn Modds orDED Bed Flrbrioi

.-c,.,:=D 0>a (3)

t:!!\ =,t. {7)

(r0)

1n)

Speciftc d{porir srn be dcredined
fron, lhe coniiuny Eq (1) whi.h wa
nodilied to diitcru loms .n. .f
ihes. loms wls given b, Chi.ry.nd

"=t+k,-,,,)d,

-:=-0,r,\o d)L\t o F,)

(ll)
.nd rhe orhd fom r.s aiven by ri.!

(r,r)

. : N umbs oi conc.nr6rion, uchl
L : togrh ot (UAEI uniL b.d
.|ftm, cm, d ir ce b€ 6lculd.d
from Payauk.s.ial, 1973. &.15.
c.: I',let conccnt{lion ofUBE No.i.

c : Ourler&nc.ito otrof UBENo.i,

Many orher loms L).\!.d oo pE$rre
Jmpuascned in  $ . r99?

pa6d.Er
cn4erizi.g lh. efet ol
p€dck d.posnio on fte filt..

i',irial fi ie.co.fici.nL cm'l

.hc nlld cedicidt dio or

"r=11c" a,al;a;

(9)
c": I'rl.r ronqcnhno[ mg] cmr
Si'rcedEqraliil ol ril.Brc obrri,cd i,
, fitB b.d in a dir.doscquee of
lhe .xtetrt oI p.nicl. remov,l
achieved in thc hcd h characterird
ht rlrc value olfi lter c@mcieni, r" rh.
ohane. in panicle movsl can be
.rpresed by rh. ch.n8c in $e filr.,
c@mde *irh B .xr.nt ol pinicL
d.oosition. !. lTld d rr.: 1979:
Amlnbf.j.ti re88) d.fi lcd os: (lt
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RrivlEw of TRAJf,cTonY
uqaEti
Tlr. idea of dcrgrmifin-! rhe rate ol
p.ni.l€ depdirioi fm odicl.
{rqjecror} wd li6r adlonccd nore
En 60 ).i6.N in c.nnoai.n wilh

ri. filrarion. Th. p.$ibiliry ol
cxkrdinE fin concepr ro liquid
lihrrion *,s r€o€nizld ry to'M.llr
dtrd SrumD, r967:Yo!. t963i Yd.r
at. l97l : and Rrj.sopai!! ad Ti.E
1976) as circd in ITi.r dd
P.vrr.k r. 1979: Anirrht j{h.
r9331.
Mrny oth.r rcse .iEn such a!
O }1.IA d Ali, 1973: fien .r rl,
1979: Chirng & 'ate4 T985!. bi
M.rli a rar 193?; .id C[m dd
Trrn. 1993 propused t ietor'
mdd.h All $cs arFctory mod.ls
s.rc ..nrehdl *nh fihcr
p.nnnnuls du.r! tlr. ripcn rg
ptriod .\pcct lhe mod.l ol Ti.. d4r.
(19791. Thcse Dodek do d addE$
tlt. !,oll.s of s.dii doBgine and

For .i .trriP cvcTc of fikrdio,
vhnq$rn! .nd C!.ry 1986 and
VlBn.$rdn lnd Td.chan 1988
frodifi.d O'Melh aod  li modcl
11973), and thesc r{o dddels !er.
rcied rirh .xprim.rul r.sulrs b,
Viatr.$rn! and Ch{n& 1939. Thc)
louid rlrar lhe tixr mod.l. bas.d otr
rt. d.kh,tunr .sumotio. c.n

An llgornhm sa5 derroped b, Cn@
ai'l Ti.n (1995t) for rimilatin!
pmti.le rlqrosirion frdn liquid
suspenslotrs flo*in8 rho!3h a

Sranul& nEdh Tn prcdiction of dr
errci! ol depdsnioi and chrtr!. ol
ntdi! p€mabiln} htd ben
coisideed (cdnc cr.rrolfi xrarion).
Ffir,ly. Aimrni aid Ripp.reet
1997 i.lrodued r mkrNopi. mod.l
or tu hy fodltior and thc cak!

T6ier@ M.d.b or Oc@ B.d fildid

gtunh ar irrc $o$ now mice'
nlhrio. Th. hodil trsidK lh.
hydrcdyMmic, .dhesiv. .nd iiction
f.rc6 di.8 cn siryl. prniclc during

INITTAL fILIf,{TION
COEFFIClaNI
TIE cld b.d lilb dffrciot L
w[ich k cooscnr for. g,.n nh.r b.d
ind .n unchanginB ilspensian, o0n b.
.rpr.s*J in My re i Ei€n b,y
m!,y rcso@heh vho hdv! ri.d b
callblish $. rcl. 6ship hd*6.1'.
inlrial fihrriion coeltdient d th.
!.nous p.6md.E 6 cn d in ri!

id,gop'rrtr ad Tl.n (19?6), for
usi sph.@in+ll Ddous m.di.
(!3pp.r model), 8!!e lhe nNt
imp.nad .qurti6 shorn b.low.

2.1x ]a t1,N!N;'' +t,tl rN;: t

Nr <013 aod lor inrcra.lio, i!
far@blc (i... wn.n poly ss i3u*d)
( r6)

(13)=!,

p=Q-,.y ' t22)
w=2-tP*lPt -2t, (2,



Trindo!.' Mod€t! ofD&f Brd Fitrarton

(t6). E .i.en in lTien er f,t, 1979;
Chiane amti.i. l03<, tietr. r.Bol:

n{ ,Es be*Lqn (: tur ro

',lr'.',';;.' " " r'\'!i'
), '-" 

a *" ' 
,.r'..,0 r/ .r ', v \;

v . Pe((' n.mDe. ^ r, .n .._ 
Ior ts , 0.r3.nd tor r,.racridn k

A. Pdopr '. 'Lmo!'.:. si,Ln o, f.r^r'hlc t24-
Hrple 9531. sd!d r, Iretro8a chirig sno r'en , t!350' -ompsmd

H F?-"tj... be.Been .-e c\pe,n'c-kt rnd
t0. ..- .or -ooL dnd n.s . rh(ore.i.atri.h.no..t.or24r.hcj
.o airor rr.r*","* p rLid d r,..t) sood ,sEe_enr

't st;h F\sl '\em (o lhtr m' o'. n -<ed
a, oln.J,., of Susplisiotr lnrhG rcerchro cal'ulati4 rlr

14a I HClraTtCAI IIODELS:
e Bl.n ,e l.TbpnodrloloYeliiandAtit.

o oor,l'.r,,,,.,. ". '.,.,,, t9]U
p .D" i or'n,.,";,, rm l.r'mod.rd elopeJb) o Meh,md

qri s,. bo(d o, ,.mc erpe,,mensr
D D,.. .on.o. fi-:<i ob.e ! on. rl'er .uscened har

h Solr,n,nna ..r,1.r€n,:\ p'r' e 
- r red IJflng the erl)

i- . tn",*-,r* lb' o"ni.k ch(h'Dg rle
ri- ,r . - . rr.d., td.c..imc! AnJ),r sl.oturon!

r AD,otLk kne,itrnc I s e gi.en b. .{'. o" tn ha
1 a .t ! r'e ,on.dc'ed i\

m rriion . hc rhr .LTtr.s
r.nc c ot ,re [o.verb rd Atr,

,o o.Rri,eonJ,atrsnol,cnE\" l:,:l ". 
.e._..d cq.a'io. \ a,

r! ro. 
'tr"o.r 

rh /
4i \i1...0r!.r."rm..4ter, en.J ii c-s€.nn;rck,edp,ni.e.
rl-r sinsle.oll.ddrremovatefncicnN tbr rhe (j,t) lime $ep

Lll. cm, olcletri tltr.r grain
, Jined Ll rcdtJ oi rhc fitr{

Padicre - grain co[hiotr efljci. cy Ji]ctor (ftactio! otlne
nkergni'r did suspended panictc l
lonko\ hd(\cn reLdnedprrtr(andsusp(ndedpzrt,.h
conb(!m.'en.) orreh ned p:ntrte
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t- t,,1,F,ia;

jr'-.tn' '

115)

OVelia MJ Ali qh.tr nnnprEJ *i$
.\pcrinrnkl drd roor r./n=
lrre ( n&le m hc@r dftrnr! d r
Ur€n im! $a! prcoord hr O M.tia
snd 11. N\. sd i,, ti,.n. iesgr i!n
aotio\ \

,!"
ll6)O'V.li. ed ati mod.t d6cnb.d

ahoE e.binr ldjusoblc ,umeEs\hi.h ft prcse in srcups rro.
1ntp0 o'Mcir Md At' rtcis)!trggeicd Dr rhe* pnBnde6
snouH b. (osideEd r .nnnEr
p€mmer6. ro br dcr.nri&d fmm
c\perimenrr dd.. Th. rmptrtr:l
c"pre$ionr (n nr,rr rg rher
pimnne6 \ek gnetr hr man)

.i,r,,nc't c\r:e$,e! ,; lnen -
rable ( ). tvilns\.nn i; che,e36, ri39. v arcswhn an;
lL l,![trn. e33. Ttrn roRot
\Yh.n ft. .mntricit expE;of,s !E
us.d in rh. pr.qr Rrrtq ontr
F,tuar otr r-17J ges rhe b., rsut;
!mong rhe chpi,tcat .xpre$ions
prcse ed in 'tablc 1t) Frri rhe
prdiced Esuhs *fr coffp.rd *nh

b,.'t, = t:' u "",,,,,,,. ",r,
virh Y-1. d N n.n,ndcd u!in!
R:!ia8"r.l.. ard licn (1976) Dod:

Thrator_v Mod.k orD..p B.d rilt ion

Eqcatiors (15) lnd (26), can be 6ed
in obki',ins the ret.rtotu[io berween
Fl=l?.u r: d rh. to[o*ins
miuer rh( uofts@dtr,r BtE oi
thc sFcii. d.Eir .rn b. found F.m
o\€Bll m!$ ial.nce ,s siv.D by Ti.n

-la,=)i)trb'"q,b!l;,

Ehnonnnp b.tr\ecn Ft-4rhro :nd

I- The Drdcl olrrcnel.t,.1979
lTien gr o/, t979rTi .rd
P') rlB. q?'r,Ti.., tot9l.

I]'a mod.l nas der.top.d b
pduhriiS rn oKE ,i{uE of dr
filrdrioi pMe$ trhrch \rB ii ,<
conln,ing olNo (.ns.cuhve *ces,
rs ha! bccn obsefreJ in rh. \i\ud
rork of P.hd$ .r 4t ( I 978) These

I The fid shg. is onc in etich
deponrioi ecur pnmsnty rhrouqtl
rhe d/ed !dr'cnotr .f indiv'd';r
pan.les ro fil*r €rains. Th.
con*qu.nca ot lllis ood. of
dcp.snion ii dE aomlriotr of a
rcrarively snborh Ialer ot dcposiB
ourde filLcr sra'ns lhr fiRl $icct'l r0 trtu. uril lr lo.rt !a..iir
deposit. !. fa.hcs a i6nsriotr rrtue,
.-,1.,- is lhr riru. oI speif{

:- Th. lecond (dse i\ donrinaled b!
th. fomaiotr of ,adicle ry!resft;
rlE re.rlinF.trr of paa of these
r$rciB dJ En rd.losirion inro

Th! erpr$'on, obt! r.d br
RrjsRop{ltrn ond Titi (tr76i
.orcliiss collcctiotr e.Jictenci€s torm
troj. or ar(utd'oB w6 d&.roEd
h Ti.r d 

'r, 
( t9r9t ro oEdicr dE

d!trlhic b.hr\,or oa de; h.i nr-
ovcr rhe .orire fih* c!.t.,s
rr$h(d b.."rr"r rnq ni;onr] ).\ cril8d b d,ffe^ ,i..m ,, - *".lun nitc b) $c in.@sed valu. of

dr ,id $e dcs.os rald. ot porosny.
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I r. .har,esr ii rhe* pa.srerc^ aie

.-L+)''[;l
{301

, =o,Li,-- " )' ' -.r r/ ., )(/ .r')

'i:*)l''o;o-;':" 
'

,l-"; l-,';.";,
where.

r,, .u 
i.,.,t',,.,,,,, ^-"t,. 

"

o2)
a. = 

3.1I:l! 
1t - "y' a,.u,,, n r,,,

E,=!1;E_
(1,

iryedory ModcrsoaD&p Brd F ltuiion

Ai : Trie vatoc of H.ppel l]ar@ere!
(A,) iniriattr, [i ne]y. =c"l

3- Tt. nodsl ot Cniarq &d Ti.n.

lChi.nE aM Tten. t935r. t9*5bt
ln iriis m.det. rhe ened :rr

nrnne dcpornon oL 're dlnami(
bdra'ior ol d.ep brd fihets $as
exannEd by cotrrde n€ nvo |njts

A rr rh€ fiEr lJr p,nick
!o kdlotr un lilr{EEms resutts rhe
lom ion of a rcsonablv smooill
deporn hytrouisidelhe fih;r s,tns
3- For $e seord timnin! si;arion.
ir n astrnql rhar rhc buitd trn or
pinrc e dcporrs atr r't deanh; bv
rhe hlporh*b adr .ed hv 1-. "',irl9r?) rnd \l,n! dd Tren 977,.rt" j^.*. .r rt. a.po"". o*"
rormed,s a$umedtubei'sdr", u. .r,,","uu",, i,nertr,
and nndom beh3vioi and shadow
effKr \en ujed ro e{ gepM,cte
dsposirion $r, i5 ttu{m'.d ri rrhsn

]_enher cEe compterety de$ri6es lho
deposnlon pheiomcDor httins place

'n 
! tual filrersjDce ph)sicltp6ces*s

(:n iften b. Jc_.flbeJ aDDro^imaeh
b! i \ombiis,ion or,i,i., r,mri"i
ni!di.n5. tn :dd ioi rtro hmrls do
io !Er.e qj'h lne e\pn,menbt d.@
shci ,o'npnrd q $ Chratu :nd
],en e\perincnkt w.rki lne
experimenrat dara talt 6*w,"en thoe
ol1,re h\o liairins ass, as srrosn ir

Consequc.ny, Chhn8 and lien
developed rn empnicat .o etarion
crpable of predidjq rhe cffect ot
panicle deposirion on co|cction
enicioncy (ic.. F t) based .n
rhenrn.al6 se ras.n e\perimeir!l

.o

(29)

o.,t (t:t\" '



lig & T.cridosy vo t.1. No o. 11005

rt.""j, -i\,b,,b ilr, L
135)

E'..!: lrp.nnurdlj d.rcmincJ
\{k,e b) nplimizdioi d|od

F' 6r r Th.or.tlc.l value based otr

l. dr Th..reri.il v.kE bNed ot

Sasti utr $. srGge v6lu. .l I .
fi. Uv. rum or Chiang snd
Tid,l985b\rt rG .onducred fo.
6 > 2 ! r0,4, s.ca!di4 ro (Chia(B
a{d Ti.tr. i935h) fn.yh. hto b

rlrA) atrd Fl{B) aE.ombitred ro
ohaio ll . is m apprornarion, rh.
lollowirs rro exne$ioi were siv.t
t,, =!- t,

(r7)

1,-a-t-
6 '"(rD 1.n,ta' N*+ t.t6*td t\,tl

(r3)
lqurior (ll3) Sn.s!.beG. .unc,
thd Equltion (r7) {Chiargard Ti.n,
l935bl 4- 1lr oo!.1 ol l(.cki. d rl.
1937 lMacki. d rl., 193?i Mi.ki.,
r989j
Ihe raNienr sriie modd olMrckiecr
rl wls dcvelopcd fom 3
snside..rion of ihe plt,:i.al
pr.ces., d,.r o(u. ir &.D bed
filrdid. As! csuk, tie rc.d b Ety
oo empnical parmoteN rh h.vc no
phytiqr moning is clininicd In.
modcl k b!*d on ih.ee 

'hrin

r1l.ft'r Modrls or Lp.p s.d Firrnioi

L D€posited r.nicl.s thdnslrB rcl
as colLdq' This n mr r ner
idea. butprcviotrs wodrc6 su.h .t
w.ig & Tier. (1c77) cal hicd
lhc elLx ol derosiled prnicl.s by
codsidtri,,g .rch p.nicl.
iMividhllr. shcd in this nodcl
$rhlel rh.ory E u&{.

2. llconsidea bolh the m.crosoopic
&d mi.ospic .faect of
depositioD on gr.i'r. lf fie e,ain
teld b€ vi.N.n from. dhhnc. n
Nould looli likc Fir (2!)(dome
sliap.), hd il. clos vicq of t
i.cti.n of the grdi', *ds uk.! it
vould r@k lik tld in Fig.(2b).

l. Reducrions in rcmovol .ficiency
Eslk prinfiib amE ift@qs in
i eErnial v.lo.ili.s !3 d.posits

nE otiE @lldrd us.d in isoDd.l
is th. ltappek spLeE ln.cellnodcl In
EatinA rh. c{lt of Mlcki .t ,l
,or the sinplo cse ol moiodiryc,sd
$sp.rsio, $e Eldionship of Fl vs.
6 on rh. b6is thar inlcrc.plid ud
sdinmuiion .c thc dodMt
oehmisnr of deposirio, rnd rhe
.ffd dG !o rh. pem. o, &posn
hy.R k in3i8nitc6nr, can be

l. wln E ship€ of rhe dsposir is
d.sdibed b! a do'ne shaDc (o<o<Aa)
rho rh. rrj.clory p3Bhcrer aor
caprur. p.dkl.! p.$ing d@ugh
(r+dp+NR, {) or rh6!3i (t+r NR,
0)Bai follors [Macli. d.1.. 1937)

rl9)
,N.\1t tNz)',7n 4

whe. a(O) ie lftjeroN rannd.r
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lb)= rthl-"t (s3)

a= p.a.*o- p)i"." (5,t)

D, : Pob.bility of m p6riiclB

(r,pJ : tub'hiriry of n rsn o!
p.. -lt -ny (55)

*.*f

(4 r)

?=lt ey ,

" - 
^,.,(/ ".1I wher fte shap..frhe 

'leposit 
i5

dc..rib. as dendritic and smoorh
!oa(i"3 dcPosirioi (k'l) 

^.<!< 
k

i.. k=2, ) then $e &ajeror,
pahD.td capiurc panicl.s p3sscs

(53)

'' ('*^/.l

i,..^t1,,t1.,11

(4])

(46)

(59)

t67)

r'r rum6er of padlcles d.posired,
whic[ acr rsiddiii.nal s]lecr.n

t!*c.6t.:@)t+\.a)

'.'i04It-;|
tr ot" -il *" "* - 

"i -i o *,,t),

-N"\r +..t60 - etrl t + 4 nn A

,={+J{,{*J}

n.-trin)
t',. =*u(L.,!"1

r : R.di.tco&dine_'y : So.@ functio of rLpp.l

. '! : 
^nsL 

ordcposn
.,=dp:R.dius of r rypial eBir

Thc 6llEioi eificiency u{n b.

t^=ilt -:ur "/ 2). !N,,(t - r,l
(5 t)

i"-- =Li 
:4,!1)da ls2)

iq..is me.n ulue of r(collection
em.icic] in presence of d.posic!
pr(icle sirulted ar 0 wirho<4 <I/2).

n.1t 
^'=Li)o,1 

dO $3)

n " p,,j.,,.,-*(t p")n".,,,,-
(64)
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Basud oD !hi5 mdt.t iicEe i,,,rcr kfli(i.nr ,!. tudior 6f tu.v.hi ur &p.!n,.o qn h.oehh[cJ To rsnhEre .i. u* or( r.(u[ urriisu.trrs 4 .nori6texpr$'of r.hrDs l,/ )n *i5 fi.er,srrr depdrn,otr rnd orh.r kt.Litr;
cshbl,$.d. Ih.R! .nsJ $etr5 ual rr obr,i! ,h.e,iitrtral r\pEjLotr cov., fi.

!h( lq tr pqnesbrhry ot dbmsir

Th .Dpi.tr.t.quriri !6 asuncd
ro h4r. rt'e to totriis ibhat

. Mlct i. a d. rrcd n,[rl]tr1\l^d un,l
srord oa dcrcribcLl std. i! nd

-+srca , -uDq\R'r t0- !r j 0 . hu atoorr rrl tqol gr\! E{160) r.rGEmnnrry to 6.<rr eni,iph) c.r,rPUr,!nG

!. =lt - 
",)(t 

_",)o^.,,
.lor ttt-' . zo.5,,1p t 166)

. L|hc prc{Dr (*atrh
rq,od) tr 4ttjs,l dd,, u\. r.{ , i
-r nr 

"ngc 't"n 
t"o rur* ,o r,"c'ttrir ro 0004The m.dct d6uihlrlmve ftn rldr b. r*Lj b sol( mr!(ctr,icr'4, i.ctio,i,iL

illt#i:: -l;"::tr ..it 
"t:r., Cr,- *u r"n 1r,io:r,ii,"

",.,terr nuaa ro. a"scnu,m irr-.dB \irh sen,lio d.ro!;, ;prmus okdra hhkh (o;,!len drprwk .i poEu5 d.lorr takr hs
'o**i.u u, .ooli,* rr,. j*.;,i\Iikie r{.1 mu,l€l Lrrtrle ;.|ruIour qsli ft. rhict*( ^;d.P.s hrq r ior sih.d h h;,, t",. -a ... _p*-,,r, ,r,",,cpo! raltr i@ . ij enrdeJ

rotud rnd pcmd) rhc noq otnud

"h4 (i/r"i ,md (,r,,1). ..
trc rtus or r, comlpond is r; rh.,wi h rtrBcMs:mmdr $. s DNntrh E d.rcir pee.htio 6 h
'r 

e non.pemcihte d(porr law ,id
me tuq \nh nfi kb t.rpadctu,,pcrulh'rit Y E 

' hdshr ms rsior

' ;,"{+), l-,'t)-l
'1;1.".r,-,,t,- (67)
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nunb.r of prlviols sudics. D.b
1re69) ldnd qp.inbhrly rh{ dE
ptroiily ot flocs rom.d frcs
paniculare maner .quals 075 A
dlsMiol erudy by lhr.tlls &d
Sulh.rllbd (1965) .onceming lle
fomdo of fln fim co*lhtio
indicded $.t porcsny of dcporil
equ.k 0.3., &scited ir lvit!.!*,r.n
a"d Tu.l.h.!, 1983i Tld, 19891.,
bur {hetr Vi8n$w.nn aM Ch.!g
(1939) nasurd $is vrlue
e\p.im.ne lly .h.y found lli.r ii is in
rhe htrgs oi 0.79 io 0,82. Jung
(leel), d Jus & Tr.. (199r)

cow i iimul0rio, ro c$imalc poroiity
of deposir, .i. thcy found il h h€
.qurl b 0.3. 6 cir.d in lci@ .nd
TieD. !99tu1. lhe.lDice d|0.7 ard
0.3 lh.Efoe, rcpElnri r ra$Mblc

earE Slgalq
Tt. .xp.rim&l data (6

dns) u$d in rhe plw sudyinclud.
do* ol Chlrng (1935)i
Visn6mh. (1930), Tt.L,
(1e32). ad Moharncd (1939) for
cctuir specifi. condilions whicL are
lincd in Tobld (2)..d (i).

To qu!{i8 $e fihcs or rmj.dory
modeh 10 rhe expliime .l dat a
shrisisl aprech *tich includ.s lh.
nEan squre $tu was us.d [Dapcr

,- c@llds or tloEll..r E.!t
*irh .rplnf,lihl d.& ob[in.d 6t

Chiug (1935) o.dued fithion
cxpe m.n6 usirg ftonosized n[.r

f.)

on,rtL -o,r)

,,.1t"

r=l o0)

^:" 
.]

1,t, *rf i,- l
o1)

\ rt.stnnded *.ordi.8 ro
rhc Cnh.r-Ko..ny Eqnatioi,
Eq (?2) belor, orr*icc thd valc

rJ = r.J ---:-l/ + r'(/ - d. J | /o '

{71)
Eq lrl) afrq FBik []e7sl

lrutI4r&!-qLMSaEEEIEI!!!
All fi. @jeror' nod.ls fi!1

!rc limn.d b !h. cosid.r.lioN of
siryh.mdium ,ilb tu rcmoval ol

'nonoditp.6.d 
pqnicle. .nd for

W,En alglyins rhe mdelr of
Tien ./ d,. (1e79), M.c&i. ., .1,
(1937), lnd Choo.nd Ti.! (1993).
dk ulN olrh. d.po3it FxsiO,. .., it
rcquircd. ln rhc ptorc nudJ rhi!
riltr. (cr) ii hl€n b 6e equol ro 0.7
r'd 08 Thn pini.uiar dr,i.c k
trrdr !lie' consld*l,rgrhe rcsuLlsol.

susp.Bions. Gh$ b.d hdi!"
y.opddium .trd rugwecd panidc
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\a! tr*- \nt fihr J.OrLr litEt r.

Conp.rituis ol'f, \t.. ar. slD\Yn in
rigs (4.nd 5) ior dilTerc[r mndirion(
runs Nc 1, and 4 Frperi!.!y.
Tabl. (4) sh.trs Lhe,ih.$oidEfivc
rhjcrory 6odcL w$ dr d0ri
.brdn.d irom ChiarB 1985 usi"s th.
inean squtre emr rs a snistic.l

Frcm Tablc (4). n Gn bo sern ihsr
lh€ is a gooJ agffirnr b.rv..i
Cl,ia.s drd TioD in el \eir[ rtr.
cveiRnril dda. This ..i b.
alriburcd (r rhe fmlldrhe) 6!d$.
sa c.\pgi'nenal tl a h tjr.heir
.mpnical cqua.ioDs ol$.'nod.l T1.
dmbinariotr facror. Ihe! used. Nrs

/{.15. there is $0. seflcNnr
b.N.en Ti.n d al frod.l \nh rlc
.xperimeuil dfla. AIL lhe dher
m.delr pBdid $l*r *hich arc .lo*
ro eaclt odu b(r rhele \llues dili.!
cdsidca6ly l6m $. erpdim.nLrl

b. Conpnll8or or th.oftiL,l cula!
*lrh.$eri0.nr.l d.t. obr'in.d by

I naLi ( 93t) p.dor'ned sn
e\i.nsile $utly on .Eer of
pollel..rofs ,ddilion on liher
p.dorunc.. Am'ls rhe resolc h.
obrainrd B.e leve.alruns I'r €cl, ol
\hich rh! rihd-dr?.ndcnr beh.rior ol
r,nueir qoli! ai rhft. deprhs ol
llx!: : - 10 r$. md 50.8 rNl tras
p(s.dr.d l'lE 

'najor 
dirliro@ i'r

eiperimeordl cotrdiriois ado.g fiesc
fln\ ii rh. 6in3 ol {ldrle(
(polyelectolyte) Th. rp. ol $c
p.ryrl*r6ryre n 3i!an irTrbrc (l).
Th. .onrparndns of lhe No T.trd!
experi'nenhl ruis with th. rBj.clory
mdels predi.iio, ol F, ys. 6 e
'lh. Esuis of tutin: rhe rod{k ro
erp.rifl.rial da0 u5irn llr En

].rrero,y Modek or D..p B.d Fildi

5qu!r. eror n.asurc @ lised in

lr catr b. loric.d frcn FiEs(6)
rh,ou8h (8) $d Tlblc (5) rhir
O M.lir and Ali mod.l, M&kic grd
nrrel, and Tid .r oi nod.l (using
ei=07) giYc good asrecmert whh
e{Erie.nlll dari *nil. Chi&g ..d
Ti.tr modd. and Choo dd Tiei
modcl do mr agG rith.xp.id.nrrl

c cmprri!.n ol rheodk l Brlr!
flnh.rperinenr.l drr. obr.i!.d by

Nloh.inhed 1989 .onduckd o
omplnei or p.dodane ol dr.
coive ionol aDd duilmcdia ailcu
usitr8 sind 'n.dia filrer as

Thc esd$ of conrplriions oa
r@venliorl tr?c *ftn lhe Fdictions
or the fivc tajcolory models @
sh.sn io ri$. (9, and I0) ror i'e
.p{rdive conditions of runs N6. (4.
.nd 6). The fi8uB givc Fr B. .
T$1. (6) gnls valuesofroln squrE
emr au Moh.mm.d .xp.dmcntll

h e be sn tnii O M€li, .!d  li
nodol. rlcn ,r,/ odel(wirh c"=0 7).
,nd lne mod.l 6lch@ .nd li.n .gre
wc I wirh expdrimcnhl dat6. chieS
aM r;cn nmd.l. lnd M&li. .r ,a
moi.l do nor 6g@ wnh.rp.rim..r.l

CONCLUSION AND VALIDII'Y
OT IEE TRA.'ECIONY
MODEI,S:'rh. v.lidirv of lh. toi4tory
models is rsi.d by .ompdirs thr
pedicl.d hinories ol fihr.E qurlity
whh ap.ridcnhl esults repon.d
.adicra lkred ioTab,us t2, and l).
lh. rilidi9 drbsis ,nd rcsulG.r.
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Chirng lnd lien nDd.l }rs
b.$d on srFrims.rl Esul$
.hain.d ,inm Cl isg rd'li.n \o . in co.pcsrid
trnh lh.orai€l :nrlysis.
'T'hu\. onc nE) arg& rhd rhc
liiiditr nl tu Dod.l i:\Gids
brtoid irccondnionri used i
ir cxo.'imenraL No.k Thir
chir catr bejunins(lhr- rhe
il.t rhar onlike cani.r

Imj!uoo vode s or Dep B.rF'tEii on

rhcmelv.s. Conktufltty,
onc m.y arBE rlar rl'e
conbimllon feb I ot
Ec (15), rhdtrld rrl b'I
coindrt bur ni ,n i4d,
d.p.ndenr ryoa rhe slrtac.
iircrnclion besft n paiicl.i
3trd fihlr md b.' s€.

2. O M.lia md Ati modet. anr
Ti.n c( at. mod.t stor *rr.

Lq.(18) d.ho.$Erer rhc
crPlicil Gfre or op..zrins
$riall6 lrh€uBh rh.
dqr..dcnc. of Ft nl
NR-dg/dp) a5 $elt I rE
rubi rirl
b.N..i predictioDf iid
.\pcr ncrr repo * lrnr
rr(s! ,dcpc e .ou ces.
I 1is .one atior ier.B rhe
.ttu( ol surla.. ifteracri.,.
.spci.lb $.r rBtrhiig f(4
.h..ddnion of pol)€lrht) .c
b€hrcan filrcr gnir ar 

'.1

ls, !, 4 da. dp. ., .nd th.
.fr4 of ch.nidr dditi6l.
S. rrn .t .l nhd.l r.t6
rhe mjo. Em@rl Mlpon
ft.hakms ind.r N& Nc,
:_L, aod NPcl mto .ccou!r.
Namdy mo oa $o
piroDeh6 rh{ m.trtiotr.d
c.rlie. *cre hk.n whon
buildin8 up rhis mod.l cuch
6 [d!. d$ !, u! p,, oo, .i .dj l!

L Th. eumy ol DEdictids
or Maclic ., ,/, Fod.l
dep.rrs upotr lh. r.lE oa Ao
which G usd in m*i.g O.

4. applicalioi olCnooondTi.!
nrcicl rcquiB th. lnowl.dgc
oncemina rhc srructurc ol
ihe deposit lay{ fo6cd, Is
porcsiry, aid p.m..bility.
Th. porcli9 of d.posit !.r.,
*c 6rid.d ftom DEioB
sudi.s ro b. 0.? n 0.8, Th.
p.mbili!_ nly b.
erimtsl b, Bi.E rh.
C,nu Koany .qu.lion,

Oic .d con.lude thd lntu 6odcl it
casy ro be applied bur it gi!.r poor
aSrem. r wirh *pe.in.nGl d.t!.
This cai be anributed ro lh.t it r.s
d.ived ,ccodins lo rhcoEriql
srllsis bur simplifi.d by Sivine
$itirisl cqudions. ln lddilion, ir
igi.,ts han! elletirc Drnmr.6 on

I Adin A, Rebhui M., 'A
rodcl ro pEd ici conc. nnri ion
nd head lo$ pofil.s in

intri.i' AWWA Vol69.
N..3, PP 444 . [ 1977]

: Ah@n J., Ripp.rScl, S.,
"kncrial d.pGiri.n ud hy..
lmltion a co$ 0@

of

.iD.ri6r d dah be.rusc
th., bor\ ralc mon ot th.
p4!na.s rhar affed I lrcr
clrl(icicy rno considerar oD

A. O'M.li. and Ali moJet
kk.s n{ i6uowi,r(
orBnrarcc iDro .onridd: I
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1"i,F =a2.7u 
Mc;r:dfl'

YpIcE = 2.06c1rru ad

vigmr$enn Jnd ch,r3ll93o)
Y,F=2s!5u ru

\ ign6h.m! ad Tulrctri 11938)
I,P = 1305 unrr

Itr,g * T(hnorogJ vo 14.Noc ?005 raj.cbl,y Monek orDep s.d Filhrioi

'l.bk (l): A summlr] or.Bpirlc.l .rpE$ion! of O'Melh.d All p.r.m.r.E

f.ited if lchlrnqd Ti.r. le35bl.
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Trbl.1.,: l,Idn squrft.rmr uils .s n {disri..t 06,B tor Chirns r9A5
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T,bl. {6): Mar 3quE .mr otthB .. i tinintd ao.nE for M.nuoed
r98C .rp.rta..t.t 6utu:
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