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Performance of Pulsator Clarifier (Low Turbidity)
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Abstract
Lxpui ental and lrcarctical inrestigations ar,e presented on./locculatian prccess in putsotot ctariler. Experinentd!

s!'te.t ||as .lesigned to sntdv the trclorc that affectins the perlomance of itrsdtu ct;irer. rhese fa4ors were warer
Ieuet^in 

^va"cu,um 
chan ber wh ich rMse ton 6a b t 5A cn , ris ine t ime af \9arer in vacuui chan ber which hai, ing tit el

o/ tu JU.k 4u secondt . anJ sr 'lge blonkpr heighwhich ha')ing heights of2aja & t0 cn.The turbi(rt! an.t piafftM
woat lsed werc 200 NTU anrl 8 13 rcspectivetv. According lo the jar tesi, the arutn .rose requiredfot this ruruaiiy,,as
2A hg/l .The petfonnance paruneters aJp sator.ta,,net n as, hnbirtilr,totat soti;s TS, sheot n e,whune
cdrc,cntrution ol sluJge b.lanAc! and thL laccllation oiteia were stuclied. It was abserted that by decreashE the itater
lcvtt in vacuunl lube and hr incrcoe g lhe rising th e and shtdge blanket height , tori turbidiry ;foutput.i)aler d aine(l
' Moreorer' .fiocculatiol ctitetia vahrc GCt \r.ts ttithin rhe optitttun range vitues (ra0-5aq .A lheo;ekat motiets vas
applied for tokrl sotids TS o/ autput wakr .The dilference between etpeimental and rieoreticat .tata vas rangetl
bettreen (1 I-24)% afnean de|iatian at v,ater te'et runge of (t2rt 5l)an an(t studle btanket heisht 20 cnl.

ffeJprrftr water lreatment, flocculation, pulsator clarifier, low turbidiry.

Introduction
Coagulation, flocculation and seiiling processes in the

field ofwatef keatmen! have received extensive afiennon
d!ring the past century. Theor€tical and experimental
studies of these ptocesses became increasjngly imporrant
because of lheir widespread appljcations in industry.
Waier treatment involves physical, chemical and
biological proccsses drat transform raw water into
drinking water. Clarificalion is one of these proccsses,
which includes the removal of excessive color or
turbidity of raw water to produce clear uncolorcd water,
Generally, clarification of turbid water includes
coagulation, flocculation and settliDg processes I l].

Clarification process is achieved in settling oasxrs.
These settling basins can be classified accordrng ro rne
di.ection olflow lhrough ihe basin into three Inajn rypes;
horizontal now basins, upward flow basins and spkal
flow basins [2]. Each ryp€ of rhes€ basins may be

classified into several categories.cenerally, coagulation
is the first step in complete clarification process rhat
includes the neulralization ofrhe electrostatic charges on
colloidal particles. It is achieved in a rapid mixing tank
with adding inorganic or organic coagulants. The secorrd
step in clarjfication is floccularion , which is the
agglomeralion ofneutralized suspended solids as a resuit
of paticle-pafticle collisions. The rhird step in
clarjfication process is the sedimentation of flocs foflncd
in second step. These steps are achieved in all basjn
types except that at upward flow basins the
sedimentationis replaced by fluidization process.

Pulsator clarifie. is a simple t}?€ of upward flow lank
which its effectiveness depends on a slLrdge blanket. It is
the most widely used clarifier in rhe world because of it is
higlly reliable md flexible . lr also combines the merir of
having a llat bottom widl d)e opemting simplicity of he
hopper-bottomed tank [3].ln pulsator clarifier, t|e water
flows upward iirough rhe sludge blanket in a cycrng or
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Dubrina tloq. Durint sLrsirrg now fie bed e\prd'

I"ii"*ir,. o*i.s *b''di"g now rle bed senle" r-rifornll'

a" i r  '^outa in,  iqu;a a,;sL Ai d resulr  ofpulq0t ins f lo$'

dre bLrrkcr ren)air'c ho-nogereout throughoLt wUl no

sl-r l i f icxLion, laci l ; la lrng conlrnuou' elTect i \e conlact

belween wai€r and sludge [2].
'Flocculation rate is one of the most lmponanl

"1" 'u.rct ' . l ic.  
i r  tne opetar ion oi  pulsalor clar i f ier 'This

'" ' .  i ,  l "nr". . .a ut,  *mber ol  phv' ic ' l  paramereri  a. ld

"". ," ' i " .  
.*ai* i '  Sludge blrnker heighr '  Lpno$

i i . i i" 
'" i 

.""",r".a *rrerl vot'me concentrarior of

tr"ir. ' ftf-r" "ia 
pf,lt i .3l propenica of f locs All these

facro'rs are Lirhl l  in lcrrcl i \e and corr l rol  lhe pulsalor

.iriin* p.tror-,tn'"* t'l"*erous invesligation show lhar '

nocculal :on cnler ia CCr ( lhe product ol  shear rale

volume concentration of sludge blankei and resrdence

Lrrne) givcs Jn rndicat ion for l Ie.-ber l  , l l^ccJLatron
condiLions in sludAc blanke'  c lar i f ier 14-?l  Also'

ei"""uruiion 
"rit"riui' 

u uasic factor in the design of anv

sludae blankel c lar i f lers rype [1. 6.  8]

s;adv flrrid;r,{ion is onc of lhe mosl rrrpodatrt

"f'"-"niritC"t 
of Pulsator clarifier , which represent the^

#;; ;"iw";" tlre varving upwara flow velocirv of

;;;;;l;,.; *",.' and 'he 
'hindered 

setrlins velo'iry or tlte

nuiiizea Uca varv aurnors sugge'red empiri'a' (orelatron

'""ir.,i" 'r," upward relociq qrLh^rhe individual sefllrrs

velo- irv a1d \  olul)e .oncenrdt lon ol  l loc9 lw_ r I

6".iii. ilt" pur.uto, 
"rurifier 

is th€ most widelv used in

'r ,"-"JiJ 
"  

- ' . , ' "  
"u '*  

t  earmenr srar ions no Lheore ical

"" i  
. ' " . ' , ' . "" i r i  r"r 'v" is h 'rve been retorred )eI in. the

i i , "r ' " i .  i l  a. ' . t 'u.  ihe operar ion of pJlsrror clar i f ier '

r . l r ." i "r .  in ' ." ig",o ' ,  des(r ibe experimenrdl ly and

i. . i i " ' rJry 'n.  oierarron in horizonra' f iow and spir ' l

f low clar i f ier I l2- l6l
; .  ,  ; .  ;  . ' " '  t . " , ' . " 'a l  a ' ld r \eo e( i 'a l  intesr is ir io ' t '

, '  ' t  
"" t .  

U..  t  
" i """a 

o.1 f loc'uratron p ocess in up\\ard

i , ."  . '  i ""  uc-e for hopper-borLomed ' ludge bl ' jnLel

.f"rii"t 
""a "*a*"- 

typi soliA contact clarifier ll7'

i;1. iil"""r. the infomation about the factors tbat

ri'l'e.r the ope-ation ol p|.lsaLor clanfier is nol adequale'

i , ' . ; ; i ; ; . i ;  ; ; . ;  ' ;  
" t rair  

a generar p'edictr \e model

" ' ' ' " . ' "" '1"r .- . .  " f  
pt lsaror clar iner '  l l  ere is a reed

r",  u. , 'J i r , ."  t*ai"g 
" frhe 

roleofLhr plv 'Lal  des;gn

;;d-;;;;"ii"g parameiers rhus, the aim of the present

sludv can be reported as follo$
l .- i ; ' : i ; )  , i .  efrecL o imponanr fdclors on rhe

oerformance of pulsatof c lrrrrref
,  i l ' . ; ; ; - ih." ; ." ' ' l  mode $hich are capable of
-  

-"aiJr l"c roLar sol ids of outpul \udte- i r  pulsaLor

i ia ' rr i " , .?"a 
""  

*"  
"ppt ied 

model experinel tal l )

Experimental Work

Experimental rig
The laboratory apparalus that was constrlLdeo anq

,riii"i io p".r""" ii''i' studv was shown in Fig l rt

composed from a tank of 10 liter capacity used as sromge

i-i ' i .  -r ' ; .r ' ,  r le prepared Lu bid oarer *as 1t3"6 1n

order  lo  Lecp l te  column conlenL a l  a uni lo f in  sule a

frigf, tp""J Lnniiug"t pump was used to circuiate the

_'6oo.r1ul,qn 
pto..r .  

"us 
achreved in I  l i rer be'Ler by

mixinu- the preparea lurbid qaler ! \ i lh rcqurred alunr

al . i  
' r t ' l  

" i i " i ig 
speed was 70 rpm and rhe derenrion

t ime ! \a '  I  min Preparcd lurbid $aLer and alum solulron

were fed to the beaker by two stage dosrng pumn'
" pir"ir""'rrt,.rn cotisist. ot i vacuun pump' on-off

*i* u"J n^it.t t;.*. rhe pulsation system enables the

"a.ir.i"" "f 
coagulated waier into the vac um tube

i"termirrenrlv.  f le 
"acr,rnr 

rube $as connected from lhe

tnuo* ro i t .  f locculal ion basin by a L_shape lJbe

Lh oueh one way check vahe and connected lrom tol Io

i i t .  iu. .* .  prnip tna o"of l  \ r lvc ' lhccoagulred$rtef

.nr., +. *'.uu. tube (from lhe coagulalion unit) in a

Doint 0.5 m below the top of vacuum tube A vacuum

i"." *". ,tJ t" **" 
" 

vacuum in the vacuunr tube lf

il; ,-tt"h ;n the vent valve (open vent valve) the

water enler the vacuum tube and rise to level ranges

belween (0.0-1 5 m) above t le level ol  $aler rn

n"l""f"ti"" O*ln. When the timer switches o1T the vent

' ; l* ; ; ' . ;  ' ; . ,  ta lve) rhe a.curulared $arer;n lhe

vacJum lube drain, rapidly inro Lhc di tr ib lLr0n sls lem

""J 
orss.t  t i , to. ,gh rhe i ludge blanler in noL(ulatror

basrn. ARer eacn dmin clLlc.  lhe \enl  \alve I '  ope.]eo'

^ff"*f"",f," 
""ti- "t*";acuum 

pump to refill tbe tube
" 

i"r" i r" i "a w.Ler qas inrrodLrced inro f loc"ulat ion

U"i"- i l t "reh a periordred plas- ic lube of 127 cr

air ." . ' .  i  r i .  01p..""" 'n '  ro;r  hole'  s iLh a diamerer of

2 mm for al l  e\Periments
fhe f locculal ion basin rs a reclargular l : r l l  Iank $hich

*";;;;;;i;J rrom flat grass sheet con'ccted rrom

frouurn to , to per 'ora'cd ur< rr t  oorrorr "  t rr  L" in

-"" , ;n 
" f  ""  

intened lr iarguldr 'ecr ion \ t  rh d Ir ianglc

ansle bJ".  This l f 'dngurar bol(om geonelry $a'  used lo

t '  i " i '1.  *nr '"g r* i ;"  f l  o" undef rne ef lec'  ol  high rare

"r*",* .  nom tt i  lo les ofdi ' t r iouror pipe This gconretry

uas desicned ro mlninr ize rne occJf ience of deJd spaces

,' 'r." f',oi o.' of the basin l'lo(culal:on Das'r Lonrarr' a

I tanker of sfuage fo-med previoJsl)  f loccural ion oc(urs

" ir '1" i i i ' i r* i "  
*r ' . .  .oasJldred ! \arcr pJ'req r l ' rough

;;i: ;;iie; ihe pas<'rg oi co"g'rrated \udLer throush

'i,i* ui""r..i ,."i '" ""ip'n'ior 
oi rt'is bl')lter' As the

;;;i;,-..;;;;. ir'e .*..* 'tuag' no$" into 3 srudee

""" . ."rr" 'Jt  
*r*t  

"  " . i '  
ofdi l ierenr heighls()0 10and

40 cm)

PreParation of solutions
The river qarer clav tas been bro-Jghl hom rhe

ua,". ." i  t .s i""  ot  l ig ' i i  ' i \er al  Al-sarala lo(al ion The

", j ' ' "" .  
i*"a i r  order ro Iemove anv unde"i t"ble

pui i . t . "  t .  g *"a'  t  t te treared clav dnd r ive- waler we-e

l i iea ' \ i th-rap r{arer Io obrain r  c 'av cuspencron r\rrn

: !
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Fig. I Schematic diagram ofthe experimental apparatus

cel1ain concenlration. To oblain a ceftin turbidity level,
a cetain quantiiy of clay suspension was added to
cifculalion cohmr which was filled wirh l0 liter of

A I wt% Alum solution was prepared by dissolving (10
g) of Alun into 990 ml of distilled water and with
st i rr ing. Each I  ml ofsoiut ion was equivalent to (10 mg)
ofalum per l i ter or (  l0 ppm).

Measurements and testing
Turbidity meter type (Hach 2001A turbidmeter), with

measure[]ent units NTU, was used to measufe the
turbidity ofthe water.

Jar test was used also to determine the optimal dose of
coagulant and flocculant aid. It consists of six beakers
lvhich are sinrultaneously stirred by a paddle agitator in
each so that conditions in each beaker are ideniical. (0.8)
liter of turbid watef was placed in each beaker (1 liter
Lapac;t)) .  f loc re5ter wit} |  s ix mixe6 and l ight ing source
tnanufactured by HLIC company England) was used to
ach;ev€ jar tes! . The agitalion speed was controlled by
speed conrol lcf  * ; l l  l0 di fTererrr  nr ix ing \peed.

Experimental procedure
The experimenial steps lhat were conducted in the

pulsator clarifier systent were as follows:
I.The vacuun pump was tumed on, and the flasher trmer

was adjusted to provide dre desired water level in

vacuum tube and rising lime. The nnge of the water
Ievelwas from 0.6 to 1.5m.therangeoftheris ingt i  e
was fiom 20 to 40 sec.

2.When the system reached a stable pulse flow, the
sludge blanket was formed by operating the syslem
with very high turbidity raw water. Aft€r certain time,
the sludge blanket reaches the weir level. Then, the
system was operaled wilh raw wat€r of(200 NTU, pl.{
oi  8.13) as turbidi ty using 20 ppm as alLrm dose. The
ranSe of the sludge blanket height was from 20 to 40

3.After one hour, more than one sample ofoutput water
was taken to measur€ rhe lurbidity and total solids of
water produced.

4, When the system tumed off, the volume concentranon
ofsludge blanket was measured,

Mathematical Model
Removal of prinrary particlcs is the main output

variable that describes the model ofpulsator clarifier. The
basic priociple thal followed to derive the model of
pulsator clarifier is drat, the total solid of incoming water
be equal to the excess sludge tha! is removed. Assuming
panicles entering the basin in the dosed watcr s!.canr is
primary floc pariicles. Th€ removal of diese flocs by
flocculation in sludge blanket can be simulated as
conlinuous stirred tank reactor csTR l8l. The mass

IJCPE Vol.8 No.1 ( l \ ,4arch 2007) 1 1



I

Pulsator Ctatiret (La\r Tulbi

balance for single CSTR is given bY:

, fi-o-,-0,-l-,,,.),I
For a first order reaction of the rale of disappearance of

flocs within blanket:

| ,,,,,)= c ,

Subsri tute Eq.2 in Eq. I  Thereforel

fi=f,c,-'t-o'!' '

( r )

(3)

(4)

Ior'r, ,or., o,.
(acr1" ,="  o  - - "  , ' ,p

(6)

(?)

Fq. I  mav be simpl i f ied by t 's ing average l ime vr lue of

,p n"* * i" . 'O and she.rr  raLe Byassumingnead) shre

c;nditions ofoutput water, Eq 3 becomesl

u,, , ,x,  (10)

Results and discussion

Performance study of pulsator clarifier

Factors that affecting lhe perfornrance of pulsator

clarifier afe the sludge blanket height, average nme raw

. i i""-l"i. l  "n" 
p^,es rhrough sludge blankcr and

t  
" f  ""?."*"*t . i i " l r  " i  

t ludge blrnkeL Perfo'rrrnce of

"" i i " i "r . r" ' in* "^ 
u'died bv neasuring rhe turb'di tv

i i . i r i l .J",n '  
" , 'pn 

rrom t ie rop of I l 'e f locculat ion

basin."'i" 
"'a" 

,o eet a bencr urdersranding of lhe cffecl ol

'n" 
"t"". 

fui.i'* * *. petformance of puLalor cld ificr'

i ' ' ; . - i "  t i " , . i  ro," toie t t 'e oper"Lirrs condir ions i r

-,r.""r !i",lf* to the avemge sbear rarc or velocity

;;;;;i ia,. ;"1"",. ,*cenrrai'on of rhe s udse brarkel

ialr"J ." . t r" .  l ime f lo(c 'r l r t io l  cr iLer ia (GCtr '  lhere

"r" 
oor i .um *tr . ,  for shear ralc.  \o 'ume concentral lol l

" . '  
. i rae. uf*k. ,  and f lo 'culat ion (r i ler id These

oori*u,n 'otres are shear rale less lhan 5 S'  l lp iccl

; : i ; ; ' ;  . " ; . ; ; ' ' ; ; r""  r0 rsr and f locc'rrat ion ' r i rer i '

ranges between 100 - 500'

Effect af average time rate

The average time rate of coagulat€d. water through

slJee blarkJt depends on the water level in the vaculm

;"ff A,;;-]."i" level of water in vacuum tube' the

i i"*  ' " i "  
" i f " .g"r" .a 

'aIer a(hie\es a rnu\ inrLr valLre

""4 
i ,"a"r ' ry iecrease'  unr i l  rhe level o '$aLer rn

'""" i r-1"U"' t" .""-  at  Ihe same level as lhar of Lhe

0occulat ion basrn
Fic.  2-4. "hoqs 

l lar lhe rurbidi ty of ourptr l  wdrer

i ; ' ; " ; ; t  '1" letel  ofcoagulated \  arer in vacJum tube

i'i"*""r.i. it'x u"t'*;"r ;an be due to the decrease in

::i';,j;;;; 
"' 

tt; now rate or coasuraled water is

increased.'  
i i l .  s l ,  t r"* '  lhal  rhe aver 'rge I i re s\eor rare

a..r !us.,  as t t te t . ' . r  or toaSulaled v arer in vdcuun lube

Ji""r**a. eu*"g" tinle shear rate in pulstor clarifier

**'""ri"l""Jrti.g eq o and ? lt is clear from Eq' 6'

;;-;;;- ';;;ddar d;rectry to the Product or

(e)

(2)

\lt

The mean velocity gradient is calculated fron the

"";;; 
i;;;i;,,.; 

". 
;,"; par the nocs il srrdse brankeL

lt  
" . rav 

nl ' ia lz. l , io" t t ' i ;  drJg force equal to lhe weicrt

ofsludg€ blanket [8].

drcg force 'weiqhl

Weisht=8@, - P)C't Hb

Paverdissipated = drag farce \retocuv

P = 8@,- ?JCAHt,u

finally

Fa.  o . loss lh .L !e lo. i ly  gradienL depend on Ine

".i,1;,"".";.."; ' ; i ;;" 
or rne ,tuag. branker and up!'{ard

i'" ' l  ' . i l i ,  "r 
*rg,t 'red $dref sirce upwird fio!\

, . toci '1 ."a.ges . ,Lh t ime olso ve'oci ty gradre.] l

" i , """ .  .  l ' ' ' i . . .  lherelore, \elociry gradiert  and

,p"^iJn"* * '* ; ' l  wrLh musL be cYpfcs'ed a5 arerocc

k o , S o , o , ,
a  = ! - = -

Juar ,11.L|
., ,:2- =!=L

Jo t

(8)

!-
vt1
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lolume concentration of sludge blanket and rbe velocity
of coagulated water through shldge blanket Volum€
conceniration of sludge blanker d€pends on averag€ rim€
water fiow rate through the siudge blanlet and time
available to sludge blanker to be in senling state. Fig. 8-
l0 ind;cates that low average time water flow rate gives

a volume concentration of sludge blanket higher than
volume concentration at high average time water flow
mte. Therefore, the decreasing in average time sheaf rate
as a result ofthe increasing in average time water flow
rat€ attributed to the decreasing in volume concentmlion
ofsludge blanket in a degree more than the jncreasing in
average time water velocity through sludge blanket. In
all experirnents the av€rag€ time shear rare values lie
rvilhjn optimum range of shear rate in sludge blanket
clarifier.

Fig. l l -13 shows that rhe f locculat ion cr j ter ja GCt
decreases as the water level in vacuLrm tube is increased.
It can be seen that all values of flocculation criteria ai
high value ofwater level in vacuum tube arc less man me
optimum value range (CC! ranges from I00 to 500).
These values can be improved eilher by adding a
flocculants aid such as polyelectrolyte which alrcr the
characteristics of sllrdge blanket or by €xtend lhe arca of
lhe basin.

Effect of Rising Tine

In pracUce, rising time is the time r€quired to fill the
vacuum chamber but in our experimental scheme , rising
time was laken to be the time inierval between the end of
pulse flow and stating ofpulse flow.

Fig. 2 a d 3 show that the effect of rising rjme on the
p€rfomrance of pulsarof clarifier. Turbidity of output
water at minimum I inr i t  of  r is ing t ime was higher than
that at maxintum limit of risirrg time. Thjs can be oue ro
the increasing in volume concenrration of sludge blanket
wher€ the sludge blanket was leaved to settle for
additional period of time. Fig. 6 and 9 indicare the
increasing in volume concentration ofsludge blanket as a
result of the increasing in rising time. The increasing in
volume concentration of sludge blanke! improves the
emciency of flocculaiion process wbich happens wirhin
slLrdge blanket, This was attributed to the increasing in
probability of collision between primary flocs present in
coagulated waler and secondary flocs preseDt in sludge
blanket.

The increasing in volume concentration of sludge
bhnl 'er af fccr lhe averagc l ime drear r ,rre ! , r lues. f ig.5
and 6 show that lhe average time shear rale at minimum
rising t ime is lower than rhat at  maximum r is ing t ime.
The dkect efTect of volume concenrrarion of sludge
blanket on the shear rate a(ributed to that shear rare or
mean velocily gradient is provided by the porver

dissipated in fluid drag past the fluidized flocs. if the
flocs ar€ in equilibrium suspension, rhe upward drag
force is just balanced by the downward force (weight of
flocs minus iis buoyancy force) which depend mainly on
lhe volume concentration offlocs in sludge blanket.

Fig. I I and l2 show rhai the average tirne floccutation
criteria (CCt) at maxinrum limit of rising time is gfeater
Ihdn that ar minimum I imit  of  " is ing t ime. Ttr is increasing
rn average time flocculation criteria gives a better
flocculation conditions in some poinis. This is clearly due
to the increasing in volume concentmtion and av€rage
time shear mte.

Effect af Sludge Blanket Height

Fig. 2-4 demonstrates ;he effect of slLrdge btanket
heigh! on lhe performance ofpulsator clarifier. In Fig. 4,
the turbidity of output water is low in comparison wirh
turbidity atlained in Fig. 2 at 20 sec rising tjm€ curve.
This means that th€ floccularion conditions wcr€
improved when sludge blanket height was increased. This
behavior can be due to the following rwo reasons. Firstly
lhe incre.r ing:1 sludSe bhnker Ic:ght lerd to increi . inS
irr rcsidence time of coagllated watcr thfough sludge
blanker.  Con,equcnl ly.  l le probrbi t i ry ot pr.nr i ry
pafticles to be flocculated on secondary parlicles js
increased. The Secondly,  the incrcasing in volume
concenrdl ion ofSludge blanker as a re.utr  ofr ' rc increase
in sludge blanket heighr itsell This may be note in Fig. 8-
l0 by comparing lhe curves at 20 sec rising tirne in ih€se
figures.

Fig.5-7 slo$ lhdr rhe a\erage r ime shear mle increases
as the sludg€ blanket heigbt is increased. Again ihis is
due lo lhe increasing in volume concentrarion of sludge
blanket.  Fi8. l l -13 show that the average r ime
flocculation criteria incr€ase as the sludge blanket heighl
is increased. This can be due to the increase in the
average time shear ra!e, volume concentration and
residence time of coagulated water passing througb
sludge blanket.
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can be seen that all fesutts have the same bchaviof in bortr
experiment and theory, but the degree of agreemenr
differs from condition ro another

It can be concluded rlat tlte results of the theoretical
model afe in reasonabte agfeement with presenr
erp<nnen'al  d"rc fof  I 'e e Lire rrnge ol  j r ing t j r  e onl)
cr 20 cm sludge olanker heighr rnd h,gt,  ur ier ievet i r .
vacuum tube (125 150) cm. The difference between rhe
nathenatical dara and present erperimental data was
ranged between (11-24)o/6 af mean devialion. Ar low
llater level in vacuun tube and sludge btanket height
morc than 20 cn rlre malhematical moJet exfiibn a taige
deviation fiom present experimental dara.

Fig l l VeialionofrvcBgc lime fl@cut ion crilcia wid wllur ruvq rn
vncuum tubc at diilirenr risingltoe aid bts(ctheieh of2ocm

r ig
wdq [ !d (q],

l4 Conpdson of cxncdmcrrat Md $corodcat loralsoJi{h of oulpul
*arq.t ns ng tinrof20 s and btdrkd hcight ol.20cn1

wriq c1d kD)

l:lg. l5 Conrtshon of crncriDcnral ed djcorcticd rod solds of ortpul
walcr.r risinglime of30s md blmkdhct8ln oi20 on

iig l2 Vtulation ofavcmgc rinrc lt@cutalioD crirqia Bidr \yarcr lcvcljn
vacuuDl tubc at diillrcnrrisiig tjnrc drd bt.Dker hetgln ot30 cor

E " '
; " .
F ,,,,

; *
F ' 6
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I "".
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E .
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9 " , "
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irg ll Vriarioi ofrvcmecliDc ncculattoi crircriawilh lalcrtefctii
ucNnr lubc tr( risio8lirnoof20sccmd btajkdficiSh otaocm

l , , lathematical model results
The removal of prinary pa(icles was simurareo as a

:onlinuous stired iank reactor CSTR. The mass oarance
ar:  a single CSTR can be represenied by Eq.3. This
::,ration takes into account the rcrnoval of partjcles by'- . .u1-r ion i r)  thc brs Jl .  By,r) inj  lhc avcrdgc l  nc \J Uc' :  Jpno$ !elochy ind 5' ,ear r i tc . , Id by ",su. i . i rg rr:eady slale condiiions of ourput water, Eq. 3 may be
..luced to Eq. 10. The lotal sotid of output water was
:: .cu'arcd d( ing Eq l0 i r  di f lere r  s.r .er tcvct in vJcuLin- j :€,  r is ing r ime and studge blanket height.  Fig. t4-t9
.-r$s the compar;son b€tween rotal  sol ids alained in
: \ :?r iments and total  sol ids cnlculated from Eq. I0.  t t

wds rcErcn)

Fig l6Conrpffnon olc\pcrincnhl and Urorctical lolnt sojtds of oulpur
watcr al nsrSlrnrc ot,losdrd btrmkcr hoidx.f2O c
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decrc.. i '1g the r '  in;  I ' rne r Id 'LJre bl : ' r \Pr hc rnl

o" , i "  
" t i . ,  

, ' r ra n;c. '  aLro1 ' r i rcr ia ro'  e\pL rrnre.t t '

lies wiihiD oPtimu range
]. ,q 

"r . . ." i . r i .  
" . ree-reir  

h: 'b 'err  redcl 'ed l 'c '$cer

", ,al . ' .a l" i , " ; . -oer irenrar 
! i luet of  LorJl 'o l  ds of

ir,pu, 'uu,.. onlv at high upflow velocitv and row

shrdge blanket height.

Nomenclature
A Cross sect ionalarea ofthe basirr '  (cm'?)

i  v jun" *n"*oat ion ofsludge blanket '  G)

G Shear rate, (s )
C^, Avelage timeshear ra1e, (s_ )

CCt Flocculr t iorr  cr i tcr ia,  C)

(CCt), ,  Average t ime f loccLrlal ion cnterLir  (- l

g  C r r v i r n t i o n a l a c c e l e r a t i o n { ' m s  )

H. Sludge blankeiheight,  (cm)

L Depth ofwater in lhe basin (cm) 
. ,

n Poqer dr- iparcd per u' l rL lorLn'c '  I

Q Volumetr ic f low rato, (cm's')

t Flocculation time' (s)
i' *,"' Ji"ltt ir'roujt iloccutation lasin' icm s')

;,, ,q''"r"g" ii*l ,pn"i" *t"citv ofwater throug|

basin, (cm s- )
V v"r"i"'" "rir'l' 

n"cculation basin' (cmr)

v Volume of l iquid, (cm")

" '  
Total  sol ids ofwater leaving the basin'  (mg/l)

i ,  i" i" i ""i la, "r*atcr 
enterins the basin' (mg/l)

Greek lellcts

r ,  V i  .  i  o  r , e - ' r "  
' s  '

P ' P, lensity of wateL and floc respeclively' (gn cm-')

"'''' :",lli::,i:i'::ixl:.1|;i'3',fr1',fJ"1i::lJ:li;"J:::' 
**

''''".::i:Ij':l,::il;T:l':'jl"'*i:1:lJ;l:',T;':;:' *'-

E

wil{ 1.ElGr)

, r e  l 8 I  o ' p f l  o ro fe \pcnmenb 'd ' r h  dN_ ' l r o i n ,  o l i I  o ' o  bs
' ' '  -  

" " i [ r c , '  " - r - " " i ' o s d I b l d l e r f e d I o | u ' n

e
i

Conclusions
The following major corclusions can be drawn fron

f ie Present Stud):-' i ' i 'n" 
' . i r"  *r" .0 i rr  r l r r '  sork ' 'ear l  Doir  '  Io rhe' 

0i,."''i;"r b:'):.". l::'lT::"i'.:::;:"'f'"J;;
.€dor lnanLe of  Pulsator  (  !arLr lcr '  I  r rc  uP'  !

" i""".. :  
i i ' ""er f loc'uld(ion ba' in r^r 'g I ire

n"'*, 
"f  

t i"Oit blanleL and rhe ' .hara( - in:c' of

" ' " "g.  
Ur ' ' "1"  i "  t t ' "  t t ' i r  var iao 'e"  I '1dr  delFrr r  1e l . le

Derformance of  PUlsr tor  c l  Iner

. ,  i t ' ' i '  . " " . ' " i .4 ' ' r t ' '  lne l loccx l ' r ' ron (nrer  a decred(e
-  
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