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PATIKORN SAENSING: STUDY OF FLOCCULATION MIXING EFFICIENCY BY
USING GRIDS COMBINED WITH A DUAL RUSHTON TURBINE IMPELLER

THESIS ADVISOR: SUDJIT KARUCHIT, Ph.D., 110 PP. ISBN 974-533-220-8

The purposes of this study were to identify effect of velocity gradient (G), hydraulic
retention time (t), solidity ratio (d/M), and number of grids on the turbidity removal efficiency of
a mixing tank with grids; and compare its efficiency with a tank with no baffle and a tank with 4
baffles. The experiment set-up was a continuous flow system with a SL rapid mixing tank and a
100L flocculation tank. A dual Rushton turbine, diameter 12.5 cm., was used in the flocculation
tank. The optimum pH for flocculation was 6.9. Firstly, optimum hydraulic retention time
between 5-20 min was investigated using no baffle and 4 baffles tanks, then the optimum value
was used with a tank with 2-6 grids. Solidity ratio values of grids were 0.091-0.556. The synthetic
raw water of 50 NTU was used. Secondly, the synthetic raw water of 25 NTU, 100 NTU, and
natural water (9.85-17.53 NTU) were used in the study at optimum mixing parameters with the 3
tank types. Finally, a tracer responses test was performed to identify the mixing quality for each
tank type.

Results showed that the best hydraulic retention time, number of grids, and d/M value of

the tank with grids were 10 min, 4 grids, and 0.091, respectively. Turbidity removal efficiency for

50 NTU raw water was 94.3% at the speed of 54 rpm. The optimum velocity gradient values ( é )
were 34-69 sec . Efficiency of all tank types were lower when using with 25 NTU, 100 NTU,
and natural water. For natural water, the efficiency of no baffle tank decreased to 84.75% while

the others remained near 90%. The results of tracer responses test showed that the tank with grids

had the best mixing quality, i.e., the least mixing time (tm ). A narrower C; was found when the
mixing time increased. The advantage of using grids for flocculation mixing become more
apparent when hydraulic retention time is reduced. Benefit of using grids in flocculation mixing
was approximately 70% reduction of power requirement and reduction of hydraulic retention time

to less than 10 min, while maintaining high removal efficiency.
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ASCE = American Society of Civil Engineering
AWWA = American Water Works Association
C = impeller high from bottom of tank, L
D = impeller diameter, L
D, = central disc diameter, L
d = rod dimension, L
dl = diameter of particle 1, L
dz = diameter of particle 2, L
G = velocity gradient, T"
é = optimum velocity gradient values, T
= acceleration of gravity, LT
k = reaction rate constant, mole' "-L""-T (n is reaction order)
kB = Boltzmann’s constant, J-K '
kd = differential settling aggregate rate constant, LT
kd = dissipation rate constant, dimensionless
kO = othokinetic aggregate rate constant, LT
kp = perikinetic aggregate rate constant, LT
KT = impeller constant, dimensionless
kt = turbulent aggregate rate constant, LT
L = impeller blade length, L
M = mesh size, L
N = impeller speed, T
Nij = rate of collisions between particles | and J ,T'-L°
Np = power number, dimensionless
NRE = Reynold number, dimensionless
If = number concentration of particles type i, L~
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macro
micro

stagnant

VTIP
w
zZ

a
ar,n

= 3 ™M 8 C

o YY) 4 o
AmeBLnadaanyalaz Ao (¢19)

number concentration of particles type j, L’
number concentration of particles type k, L’
power, J-T"'

radius of particle type i, L

radius of particle type j, L

radius of particle type k, L

distant between impeller, L

particle density, M/L’

vessel dimeter, L

absolute temperature, 'K

hydraulic retention time, T

mixing time, T

average velocity, L/T
volume, L’
o e . 3
macromixing region, L
. .. . 3
micromixing region, L
. 3
stagnant region, L
impeller blade tip speed, L/T"
impeller blade width, L
water deep in vessel, L
collision efficiency function (0-1), dimensionless
collision frequency for class i and j particles, L’
kinematic viscosity, L’/T
power imparted to the water per unit volume, J T
unit mass energy dissipation rate, LT
Kolmogoroff microscale, L

absolute viscosity of water, M-L-T"
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density, M/L’
pie

angular velocity, T
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Y o = JY @ dgl (Y
asduamnsaihareaiesnwueseynianeaassaalena lnnan 2 Uszmsiuegiu

v 1
YSinavesasdusas pH voarh pH MMz audmsuasduae 4.5-8.0 (Reynolds, T. D. and

Richards, P. A., 1996) nalndinaae nalnuuugaaaruaziiaellszy (Adsorption-

1 v a @ L4
Destabilization) ttazna InuuureRueynIAR18KAN (Sweep coagulation) (UFU Anmal,
v Y
2538) aaudaaluzdi 2.3 luvwaumswaatinlszidhnalnnuuveiueymavzina léani na
Tnuvvugadaitaziiatelsziloinnszuiumsuuugaaartaziatelszgazdouna
d? -4 a = d! % o 1 FY a A 1 1 Y a
Jumoelunar 10— 1 i Fainwzi luldlumalfid dounalnuuuvedueyninazina

114919 6.0 — 8.5 (Dennett, K. E., Amirtharjah, A., Moran, T. F.

Y
=3

Y
VUAWANAT 1-7 119 uag pH

and Gould, J. P., 1996)

Fast (10“-1sec ) Fast (1-7sec)

(SO,);.14.3H,0 — 3 Al(O,H)>+S0,2+H,0 — Al(OH)*+AI(OH),**+Al,(OH),;* — Al(OH)y(s)

Pl

+ +H* s N

Alum Solution T .
{ AIOH),
1
ﬁoluble hydrolysis species 9 //
i (low alum dose) ~—-
Water Stream (Colloid) = ﬂHigh e ose)
___ E:_ _:E Colloid
Very fast 10* s N
Al(OH) ﬁ]h turbidity l Low turbidity
Al

1
@ o o)
/"-- ‘\\\ ’1’ \‘\
Al(OH) Al(OH) @ .’AI(OH) O’AI(OH)3:,
Z\ J

Al(OH),, 5 7 S N

Charge Neutralization \‘ Floc A (OH)3“.
Sweep Coagulation
| Al(OH :, - Lo
et ,AI (OH), Yaio

'\

AN VAN .
Seeno? Seoe

v v E4 9
517 2.3 nalnms Tavengraguiinaduninms deasduluszuunaminlszih
LY 910 “Coagulation: its effect on organic matter.”, 18 Dennett et al., 1996,

Journal of American Water Works Association. 88 (4): 130.




Y b4
2.4 n3zIUMIMIaviaen
¥ v S 0o 9.9 s o a v A
nszvaumImsasadasatiunmsmlieymanoasssaniaiaddosnniainaou
A v A @ v A Y 4 A I o =
nndudansensenuiy (ludy  duyanal, 2538) Insdoeyninneaaosaniialsanys
amwedanysaivziiszantamlumsadnduda (Collision efficiency function, ) 100%
9 1
pazdszaninmlumsadududalisdue 0-1 Famneanunmsdudanuueseyninnoa
N 1o & 9 v ~ < o v W A @
aved i ududesiuiwanell U0 24 \Wumsiaesmsdudanionsznuiuvesoynn
PR < 1 ~ 1 Y] o ~ Y a
avanosaluvewdIszriINoyMANIINaN 2 vnafiuananu aumsna ldildesue
sasimsaialdendeaunsi (2-6) (Clark, M. M., 1996)
dny _
e zan,r, (ri,r)ninj— Zan,rk (ri,noning (2-6)

I+j—k

Tagi —drtl fosanmaasuudasueseyma k @1-L) O Aersz@niammSennudise

D.

v

Tumsduda (0-1) K Aemnsiilgasn @udun 2) L) 0, N waz N Aeninduduvos
oo . e

auMAnoaaned |, | tay k L) T, I, waz Iy AvvATALIVDIBYNIANDARDYA |, | 1Az k)
9 4 o | Y ] =

na lnmsadaddenawnsodwuncendu 4 Uszanldun msunsuouusiudion

Y [

(Brownian diffusion) M5¥UalunszuatiNs 158y (Transport in laminar shear) N15IUAD
4 3 = 1 o . . . ] 3’ A Q) ]

A28ANUTINUANAINAY  (Differential settling) tazn1svuadlagnszumiiniuiliu

1 Y
(Turbulence transport ) (Letterman et al., 1999) Fana lnuaazaszaniianuuanaaiuaail

3

() (V)

{ o v @ J { a v o
sUn 2.4 () HUUABINTHAUATUDIDYNINADANDYA V) sEeNAMTaTURE

U

Collision sphere

Y181 910 Transport modeling for environmental engineering and scientist (94, 96),

Tag Clark, M. M., 1993, New York: John Wiley & Son.



2.4.1 MSUNSBUVVI1IHEY (Brownian diffusion)
9 9 [ dyd 1 9 9 a a . .

na'lnmsasadenludnuaziiGenin msadradeauuumes latudn  (Perikinetic

. a £ o s & 6 v
flocculation ) ztAAIUAUBYMARBARBIANLYLIAE@NA 1 Tuasou (10°m) aAnuieunelu

3’ o J 4 { 1 . a v o
nszuainghlioyninneaasesinaouuuDgy (Random motion) LAZINANIFUNTDTURE

1 s 9 v o 3 9 A ld? 1 Ao 9 Y

szrINeYNIAneaassataITINdInululdeantvinalgyu  masndamsainaon
uuumes lamanuaasluaumsi 2-7)

_2kaT (di+dy)°
kp_g%( 122)

[

asmsasedeauuumes lawdn (LT) Ky AvA1 Boltzmann’s constant

2-7

Taof k, Avsinh

A a o d o A J =) g} A Y 1 4
T ADYUUNNUANY TN (K) [,lﬂemmmwummm dl uae d2 ADUVUIALTUAIFUINANDYNIA

U U

[

{ o 4 (Y] Aa 4 oy

1 1ag 2 Mnaumsn (2-7) oamsadafonziuegnugurgiiduysaivenimazuinadu
1 4 I'4
HIEUENE 1990991 N1ANDAADYA (Letterman et al., 1999)

2.4.2 M3yuaalunszuatiN S8y (Transport in laminar shear)

ycﬁ { A a oA $ 09; o 09; 1 (]
msaidenlaonalniidundonl§iduiniga manuinihldihlusaazdud
3 A ' 1Y <3 ) 1 P A ~

anusuananuaNuizuls lawdwmiumzna symaneanssainaoui 1l

S 3 A < ) o v A s A
NTHANIZinNNGWANANAUAIY (GAA1 FITUMTUD, 2536) HODYNIAADAADIAINAD
cisl S AN 1 o = A wwwdgl dydl 9 9 o a
AdreaNnus N lumsudeaimsdudaduan nalntisenimsadandeauuuees 1 lawan
(Othokinetic flocculation) (Letterman et al., 1999) tazanansasimsasandenlaenalnns

, J & = <
vuaslunszuamimnuissuuaasluaunsy (2-3)

3
ko= |;ﬂdl + d2) dlzl) (2-8)

ua G= %% =Mean velocity gradient A911 qUNITN (2-8) wld

3

+(
=Bt »
{ 1 { o o a 1 J
Taoii ky AoArnsioasimsadialdenuuuess s lamaa L)1) 0, noz 0, Avviadurigud
= 1 < ~ 4 v A 1 9 9 dydi
naweyma 1 uaz 2 G AeAinnusunsdoun Jeseniinasemsasundonlaenalniife

1Y U 9 ] 4 4 dy a Iy 9

szaum G uazvinaduriquinaisveseynianeaassa nalnilvzina laadieyninnea
A= 1 1 v A [ 4 < ~ s Y
apsalvalugnil 1 luasou GIudu Ammansd, 2538) uenaINANUISNTIREUNLA)

3 o . . . 2 o Ao a P A '
YT IAUNUNN (Hydrauhc Retention time, t) fmJLm:1mJmmﬂaﬂumsmaﬂaaﬂmwmiwm

1 < [ o w J o a
1 G Llﬁzlﬂfﬂlﬂllﬂﬂﬁﬂ'l"lllﬁ?ﬂillu@i’)ﬂWiﬂi’]ﬂLLUU!Lﬁgﬂ?UﬂNﬂWi‘ﬂ”N”I‘L!GIJBQTiQQTL!Na@
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2’ 1 A vy = o @ A & [ v 7 = Y]
11lsz1h nanfedenvziivinaiidanal G wileg @aa 535umMSUE, 2536) vauziRedny
navesrldenvzulsmunaguuosar G uaz t @28 (Reynolds, T. D. and Richards, P. A.,
1996)

2.4.3 M3AUAINWAIMNSINA1NY (Differential settling)

Y a -4 09/ { y U [ Y4
msaiavdenlagnalnisznadulihndsaaananuiuiv @aan s550MSUS,
{ [ ] <

2536; Letterman et al., 1999) 8y 1aNTvuIa Inguazianumuinugezlianui lumsay
o 1 < o Y Aa v W v @ F 1 Ao 9
drganteymavnadnilfinansdudauazsaudaduiunden awmsiidasmsadi

Wdoadenalntiuaasluaunsn 2-10)

ko =788~ d;+ do)ids - ) @10)

{ 1 { o o < e ]
Taoh ky AoAnsiisasimsaiidenanuumsdadiennuiiiandu 1) 0, uay d, fe
1 J 1 1 ] o
ynaduIguinaeyma 1 uay 2 g AsAwsIdNga $ AeanunumLuuNIZYes

4 1 o 09; 9’3 L] a 1
pymaaoaaosanar U fedianunilasaivesih aumstiasegduuauuagiuiieynn
4 1 [ " W
ApaaRyAN U INaNIAsIANUUUILUUNIAY (Letterman et al., 1999)
, P
2.4.4 msvuadlunszuarifiduiln (Turbulence transport)
Y3, - Y a4 4 A D
lunseuariniluthuszinanszuaiuueainniGendn “Eddies” HaNULIALANAINAY
o 1 a1 <3 = o
fwaunn aelunszuaaumanzimanusunafeuiuls lawszeznal eynnanoa
P A ~ ] 3 == 3 A 1 v Y = v v w 1 ~
apgaNAdouNog lunszuauiuAlaNuSMuananudtazi Tomadudany A1nan

sarmsatandonluaangiiluraasluaumsi @-11)
a1
+
k= é@ﬂgi%)? (2-11)

[ v v v
Tawd k Aesrasisanimsasran@oauuumsvudslunszihiilulu @) d; vaz 0, fe
Y
ynadurIguinaveynIn 1 uaz 2 € ApdRTINMINTEINAIIUABHIITLIaYRII LIS
A A J g’ = Yy X

U aomanuvtasadueainl 1) 1956 Soffman, P. G. and Tuner, J. S. (mmﬂu Letterman et

vq ¥ a = o 4 Y

al., 1999, p. 6-47) @ 1Fauuaguluaumsi 2-11) neasinueynInnvaadERYUIAIGUHT

4 T 1w @ s

Auana1tioend1A1 Kolmogoroff microscale (/7) WUA19ATIMIFUNUYDIOYNIANDANDIRIY
1 4 1 v

MU OMUYLIAYDIDYNIALAZOATINITNTZ WA 1azl] 1975 Delichartsios and

Probstein (8199414 Letterman et al., 1999, p. 6-47) ladnpinmsaianaenneldannznilu

Ll 4 1 % + 1 1 1
w2 Qouly 1dun Saliveseyninaoanoss (d—lzﬁ) tosniwazmnnam 1 laanu

€

[

g { ! 4 s A 4 @
UAUTAITUNITN (2-12) uwag (2-13) Lla$WU31lﬁﬂﬂlu1ﬂ@Hﬂ’]ﬂﬂ@aa@ﬂﬂlwuﬁu@@lﬁ'lﬂ'ﬁ
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afraBenvzdludadiuium € oniiaa % Taila % mdouluaunisn 2-11) lumaasaiu

9 1 Ao 9 9y A d? [ 1 A 4 oy
Dumanoasimsasandenluagunisn (2-11) ILUYUNUMAMANUHUAIAUUDIUN

3
kn= é@%@%ﬁ (2-12)

71
ko =0427(cy +d)3€3 (2-13)

2.5 MINau

]
= 1

RS { Y A
ﬂ15Nﬁllﬁ’ﬂﬂi$U3uﬂ1§aﬂﬂ31ﬂqulﬂulﬁmaEJ’JﬂLl (Inhomogeneity) U935V TINDY

U
v

Tuszuneziimsnauedvauysaidiesndsznoniitmua o dumialan Sanumioudui
NNA MU Y0932 UD MInaue19zszyld 2 daulsAe vurrveIMsHaY (Scale of mixing)
HazAMUINYRIMINAY (Intensity of mixing) MIMaNAINTAUIEnTY 2 seRUAD M3
warnluszdu Tuanasonmsnanlussdugana (Micromixing) 1iumsnaniifannms
uwﬂuizﬁuimaQaﬁ%ﬂmmﬂ&iaﬂmmmﬂﬁyﬁuﬂmﬂ (Terminal eddies) Hazmawaulusean
ilngjnTwanaseniimsnanluszdunman (Macromixing) MAATINMITHITITUIIANS

@

v W A 1 1 @ v o Jd aa a &
msnieauTae luamnsounsluszauTuena Fosa Asisue, gaans  dszansism,

o

a a J
I lvegasTw, gaisa izislsnaduazifes ayia, 2542)

2.5.1 manaauuifuihuy
dal a % Ci = 1 y 1
wenvnisrevvzinsamseauludnyasiiendt mseavuuuiuilu
< { A ! 3| o
(Turbulence mixing) IJUMIHANNTUAUAIBNTUNINTZAY (Dispersion) LU lvideu
[ £ U Y a A A di‘ = [
vodlva (Lump) wenoondinfudenelwinanmsnaniiiadiuidwiiodeaduly
[ 4 A A o 2 Pl
JLAVNYNTTAU (Macroscopically uniform mixture) Lﬁmwuimummqmm‘lumswﬁmwﬁu
~ 1 9 <3 ~ ] Y =
dnvuiavesnguiouvesued Inanazaaasludnauluawnsoanvuiaacldon luvazi@en

] l ] o Y A Aa 9 =\ 3 dy ~ o
AumMsuns uszau Tuanavgin 19 luanannytianineadeslimanse el wiiomednulu

v ~

{ ' [ 4 v v d aa o

32AUNGENITLAUYANTIAU (Submicroscopic) (Fo3al ATHEULIAZANE, 2542)

2.5.2 nalumswan

Tagna ludamsanerlszdansammsnaulumal jiainteuldnarlumsmeawy

.. . A o ] o 1 £ <3| @ dyw

(Mixing time, ty) Adwmisladumisiiavesszuudludaiaguamuesmsneay a1l

ﬂ A v Y A Y a @ ﬂ Lﬂy = o o QBJ} @
msnauilunainaedlsie Ivimaszauanuiuie@einuvedvearalnaoniiiianalu

A ' 1 A = v o Jd aa o Y o
FEAUNUNMITNIUDLNABLILDY 1) 2542 ¥yIAU ﬂiW‘ﬁuzuazﬂmz“lﬂmmsvmaawu’mﬂumi

[ a, a s
Nﬁ'llcluﬂ\iNfﬁJTﬂEJ’J%ﬂ159]ﬂ@]111ﬂ"liG]’E)TJﬁ'uﬂﬂﬂ’ﬂill“i’lju{l}uﬂli’)ﬂl‘i/]i“])’ﬁﬁﬂi (Tracer response) 3
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o 1 [ Y v @ 4 4 < 9 1A =

g ludwwaunazldluRasynoumoas luianusiluie 5.833 souasIui Wams
1 9 ld' a =} d‘ 1%

NARDINUINTLOZIANFNS 08AL 95 (tm’%%) agNszinm 5 Jun naalugi 2.5 vazdany

1 { o o v @ 4 . . J

a1 Flumanaudosas 95 dmsuluiassneumes luiuag Pitch blade turbine Ua11nd

=2 o A < o A d?
L‘ﬂEJ\TﬂuLllf)ﬂ'ﬂll!i')“llﬂ\?ﬁlﬂwgﬂlwusllu

E [ .. l_."rlﬁll‘x_\-\\
= L. |I ——
2 . )
B oal| pl Z
= |
E ! | | I'.'._.-*'-,l___.-"-,f q
b | | W S
) |I .Ee’l'_.:"'ﬁ_:u-—.m- = o |
a7~ =1
-II‘ |I'||_‘||I M o
|:| - S — - -
o 2 F . n 0

Time (5]

{ o < 1A
51Jﬁ 2.5 ﬂ”li@]'f)ﬁﬁ‘hlﬂ\?ﬁ”lil‘ﬂﬁGBLGB?]{QJ@QGIJJW@] Rushtone turbine 7313157 5.83 iﬂﬂﬁﬂ’.ﬂﬂﬁ

G

o 4 o
UYL 91N ﬂ1i‘W@J‘L!153‘]J‘]Jﬂ"I’iﬁﬂTﬂﬂa?ﬁﬁ@]ﬁl’f}\i]}lﬂmmgﬂ”ﬁﬂizQﬂﬁi%}iuﬂﬁﬂﬂﬂlmﬁ

[ a J. ) o a v v Jd aa o
aqﬂgﬂim%’anwwamsuﬂﬁwamwuu‘ﬁu (5-39), Tae Fosail ATNTUSHSAUS,

o [ a @ v W 4
2542, ﬁ?uﬂ!lﬂﬂiuiaa’q@ﬁﬁlﬁﬂﬁillllag‘ﬂinnﬂﬁ UN1INYI[YIINHU.

1 1994 Pedesen, A. G., Neilsen, M. B., Neilsen, J. and Villadsen (é’NﬁﬂH W3 GI‘LI 3
¥ v
WhUzuazAUL, 2542, NN 5-36 ) laanyimsnauludanauving 15 ans saaaaaluia Flat
v v I
blade turbine Jwihlald¥anuduiusvesnarlumsnaundosar 632 swaasluaunsn

(2-14)

tmixga 20 = 0.042 + (Z—ZN(E) (2-14)

= 3 @ 1A ~ ~ .. ] v o o aa

N feausaluiia (seudeduni) uagd) 1993 Chiti, Y. and Moo-Young (8199411 Fosal 73

Wiuzavame, 2542, i 5-36) ladnuimsmanludwauuuuAsgIn (Standard tank)
Aa {a qu’ @ v o Y <

W19 25 aasNAadelUWALLY Flat blade turbine 1@ lanuduusyowa1iuaus 1oy

]
=~ o

WaniltiRansnauZesas 95 Faaumsi (2-15)
— —0.41
trix 9596 = 28.23N (2-15)
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A a3 % [N = [ 1 A o =~ =S [ ~ 9
N ﬂf]ﬂ’ﬂllli'lﬁlfUWﬂ (FoUN®IUN) LLa%ﬂWﬂﬁﬂJﬂTﬂ’NﬂaTJlilf]u’]iJ’]L‘]JﬁEJ‘ULﬂENﬂ‘UWﬁ‘WUlﬂﬂ']ﬂ
v o Jd aa o 1 Y Y 2 o
NITNAADIVOITYTAU ATNTULUATAUY (2542) Wmﬂwwaslﬂmﬂmnu
2.5.3 anusluiia
< o a v @ J v Y o a v o Jdo
uﬂﬂi]”lﬂﬂ'l"llllifc]el]@\iclﬁv\lﬂi]gllﬂ’ﬂilﬁll‘wu‘ﬁﬂ?JL'Jﬁ]WﬁlILLa']EN?Jﬂ')nJﬁﬂJWM‘ﬁﬂ']J
< = o @ Y o 9 4 A
ﬂ'ﬂll!iﬁllﬂimflu‘ﬂGl‘LlfNWﬁllﬂ'Jfl bluﬂi$1J3uﬂ1§1ﬂ!£@ﬂqta%ullﬂ$ﬂ1§E‘TiTﬂwa@ﬂﬂ15lﬂ@ﬂ
a3 @ o 1 < { o @
ﬂ?TNLi?iUWﬂ1Uﬂ1iﬂ’JUQﬂfﬂ‘Viuﬂ@9])')EJﬂTﬂ'JTﬂJLﬁjllﬂilaﬂu‘ﬁﬁlﬁiﬂgﬁi\l AINTUTSUUNITNTY

(4 '

' 3 o 1y o < o ! o
ﬂWﬂ’J”IiJLi’JLLﬂiLaEJLl‘ﬂ%$LL‘1J5Nu%iﬂﬂﬂﬂ’l”lmi’l"llﬂﬂlmﬂ g‘]_lﬁ 2.6 UAANANUTAUNUTIEHIN

Y 4
v =~

< @ J do 1 < 2 1< Y a A
anwsr luiames luinuanuE WTIReUR TuBIauuLIa 100 aas ATUALNULENINI
ad & o ¢ A o 1 < s
gavginduduinilsnildaanuiwnsdeunaldeuniaclbne
250
Vessel Volume (V) 100-L, Diameter (T) = 50 cm
200 | L A Dual Rushton Turbine Diameter (D) = 1/4T
¥
5 1
(] -
o
= 150 -
c
k5
e
Y
O
> 100
©
S
(O]
>
50
0 I I I I I I I I
15 30 45 60 75 90 105 120 135 150

Impeller Speed (rpm)

A v o 1 < v < = 4
qﬁ'ﬂ‘ﬂ 2.6 ﬂ’JmE’fﬁJW'L!‘ﬁi$1/i’JNﬂ311JL'§361°UWﬂﬂ°]Jﬂ’mJL‘§BLLﬂiLﬂ&lu‘ﬂ

2.5.4 MSHaN3
3 o q ¥ ' \ S e = < v

msnauis utumsi liasneazneuuns nszarelniedranidanazsiasi lasin
) Aaaa o = L g’ v A Y o Aaaa
Alfnsewaziaeaesnmveseynianeaases luth Jagiiutdenldaalgnsenuuniu

4 4 (% ] 4 4
AuY3el (Completely mixed) tazldinTosinsnagielumsnauiiosniniinnueno 14 1#alse
a aAa ] . 3 [
ansnmgauaziinamdangu (Reynolds, T. D. and Richards, P. A., 1996) uaniidorde laun i

aldnelumsquainyunIesdninanazdenoaienslfnseruuialvn) (Qasim et al., 2000)
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Tuwai Iuginsallumsniuamnsontisesn 1dilu 2 dszan 18ud luswafiiivnszue

1 Traluuuasedl (Radial flow impeller) ttag 111001 (Axial flow impeller) TumIHaNSE)

A

a @ 1 v w o A o
yiipvealuialinaneszeznalumsnaniiosnin (Fosai  AsWsuzuazame, 2542) lu

e

Y
Pagiiunszurums Tavenpadululssusdaainlszdhdnmaduanna lnuuuvedueynia
Y 4 4 Y
v A @ Y < 1 o
(Sweep coagulation) UNUNIAY il TIzIwaus1 liansoiaaadosnwuesoyna
9}3 9 ' a ~ o a @ 4 2 Y [
Apaaood lananuanielunaiesndn 1 3w @udu  dumanad, 2538) Fedeandodny
v
v o an o v @ 3 '
mInaaesvestosal  ATWsuzuazamy (2542) auinlumswauiatedesiinannnnii 1
a ~ A Y ~ o Y =\ v di’ = v W :’ o =
i e Idinannwenvzi InasalswaniluiioRerduiuiiasiaisadesnn
i 4 {
YDIDYNINADANDEA 1ADE AT (Qasim et al., 2000) TzozIAN 1FIUMTOOAULDMTHEN
a3 3 1 a .
(5984917 20 — 60 IU1T (Reynolds, T. D. and Richards, P. A.,1996) Laza13139v818' 1A 114229
o 1 a A R ~ . @ Ao o 3 A 1 ]
NAAIA 10 JU10 DI 5 U (Qasim et al., 2000) A)sndrAgy lumskeausIne ArNNUEI
2 I . . & 1A = Y Y <
UNSIAEUN (Velocity gradient, G) iflumnuendeszauanuduvesmsuay lumswauniinas
1 ' ' 1 a v A Y 4
fisn G 9324319 700-1,000 A0IT (udy Aaimad, 2538; Reynolds, T. D. and Richards,
Y A 9 Yy A o < = 7q 9 o
P. A., 1996) drlunsainnarlumskauiiosasszdouniuszauanuimnspounliaugany
1 1 1 < -4 I [ . . .
TagldAmaguszninamnnuswnsdous (G) uazaununn (Hydraulic Retention Time, )
1 1 Ao Y 1 ~ o o < 1 1
pglugnendmuall waguaznie G waz t G AmnzavdmSumsnausioglugas
30,000-60,000 (Qasim et al., 2000)
° U Y F4
2.5.5 MsWandmsumsasaviaen
S { o o o o g {
msadadeadunszuiumsiildeyninaeaacsadudauaz saiwiuidennd
& v Yy  a y A o A v A
vina gy mswaulunszuiummsaiaaenionldniesdninaiiesninlnanuie
I {1 o) @ @ {o o 1
dolduaz Iwailuinime v mswaudmsumsadialdentidshddy 2 Uszmsde
< =2 J 3 o A . Y XK
ANUTINTIATUNLAZIAUAVNN 1 1943 Camp, T. R. and Stein, P. C. (mmﬂu Imre Horvath,

]
= 9

C. Sc., 1994, p. 212) Tdraues G Minzandmsumsadie donogsznang 20-74 aeIui

a @ 4

naz Gt ogs21a19 23,000-210,000 sudy dmayansd (2538) uuziien G Ammnzaudmsy

9 9 1 1 1A = < [ 1 1 = 1 csy
msﬁanﬂaamgszmn 20-50 9IUMN uaznauﬂmﬂmmgiumq 20-30 ¥ DIWINNIY

a a3

1 a3 [ ) [ 31 Aa [ ] Y 1 =1
i]%lliJLﬂUﬂﬁ‘ﬂﬁzﬁﬂﬂ Gluﬂ15NZ‘Tllﬁ’”l“riiiJ‘L!”IﬂiJ‘1/]3Jﬂ’JﬁJ“‘IJuﬁQL’Ja”ILmJﬂﬂthﬂ’JiuﬂElﬂ’ﬂ 20 U

Q U

F ' '
o a Aaa 1o

1 ] 1 1A S W ] 1
agan G AITBYTTHIN 10-50 ﬂmmﬁ LLa31!1@1J1/]llﬂ']’liJﬂlu@nl'Jauﬂ‘UﬂﬂlliJﬂ'JﬁﬁﬂElﬂ'J'] 30

Q

Wil nazA1 G 72308581319 10-75 A9IUIT (Reynolds, T. D. and Richards, P. A., 1996)
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Six flat blade turbine
Tank Drivishaft

x| Notes:

- 1. Agitator is a six flat blade turbine impeller

2. Impeller diameter, D=T/3

3. First impeller high from bottom, C=2/3

4. Second impeller high from first impeller,
S=Z/3

5. Impeller blade width, W=D/5

6. Impeller blade length, L=D/4

7. Length of impeller blade mounted on the

N central disk =D/8

8. Liquid height, Z=T

9. Number of baffles =4

10. Baffle width, B=T/10

11. Central disk diameter, D =T/4

12. Baffle space from wall tank, BC=T/12

B C—»‘ ‘4—

Baffle

== — —F—

A 1 o o ) @ [ o 4
gﬂﬂ 2.8 ﬂWﬂWﬁUﬂﬂﬂulﬂﬁ']ﬁﬁ‘UﬂWi@@ﬂ!L‘U‘Uﬁl‘UWﬂﬁ“ﬁﬂﬂul‘ﬂﬂﬁll‘Uu

HUYL1H 91D Wastewater engineering: Treatment, disposal, reuse, (3rd ed.). (217),

Tag Metcalf & Eddy, 1991, New York: McGraw-Hill.
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— A D]O +0'8NRE )
Ny NRE+BH03+1.6NRE (2-18)
2
_ Pgc
Np=—r— (2-20)
TN

Taegd A, B, C Aer1nsd Np Aedasidiuszrinusimeusnaennumosvesveanad (¢ Ao
4 1
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mM3muansamuIn ldvinaumsi 2-21)

P=K,ND°p (2-21)
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111811¢ 910 Handbook of chemical processing equipment (451), Tag Cheremisinoff, N. P.,

2000, Boston: Butterworth Heinemann.
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NUYLYA 910 Unit operation of chemical engineering (245), Tag McCabe

et al., 1993, New York: McGraw-Hill.



21

Boffle S

urface of liquid
:?J é [(sStort

Vesse/
wal/

A < g’ A v @ J 1 ~
E‘ﬂ‘l/l 2.13 ﬂ’J'liJLiTU’E]\‘]ﬂi%LLﬁLl']‘V]ﬂ’JuIﬂElﬁl‘]JWﬂ'iG]S‘I/IE]um’ﬂiﬂlUu 200 59UADUIMN
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1993, New York: McGraw-Hill.

X Ruaxdlial ‘W boec iy
| £0 BPFM
1.8 4
= ]
=
E
= i
=
E L
08 + [y j M
'\ ] Wik
o o
3, § f
o o5 1 1.8 ] 2.5 3
Tima (5]

~ [ <3 oy o <3 [ =}
'g"‘lh/l 2.14 miumwmmmwwmmﬂmﬂuww AINLTI 60 TDUADUIN
UL 910 “Measurement of turbulent flow in standard jar test apparatus” ,

Tag Stanley, S. J. and Smith, D.W., 1995, Journal of Environmental

Engineering, 121 (12), 905.



22

=) a d‘d
29 ﬂﬁN]ﬂ‘iﬂ]’OQU‘i!?ﬂ!‘ﬂNﬂTﬁNﬁN
1 1987 Funahashi, H., Harada, H., Taguchi, H. and Yoshida, T. (f’fnﬁﬂu %ﬂ%@]ﬁ ATNT
ugazam, 2542, v 5-57) laanuwazdunagduuums lvaludwaudrmsomswanauau

1 a 3 [ ] Y I a 9 1 a PR [
UsU W'u:1Tﬂ'53J1mmwmmmmamgm‘lmﬂu 3 UINW "lmm vsnanimsnauluszay

. .. . | a A Yo o & o a A Y oA
lulns (Micromixing region, V_. ) duusnunlnanuluwasuiluusnaunimsnaunueded

micro

a A Y .. . 3 a A
AaoANA1 UINUNMSHANTEALNT AT (Macromixing region, V___) Wuvsnanims lvaiu

macro

1 o @ a { VA 1< a
%’nmmi"lﬁmumﬁqﬂumammzmnmﬁmmmmagm (Stagnant region, V ) Wuusnm

stagnant

[

~ (= A a a < o ~ 1 a Aa ~
mmmmaﬂmmimaauw CRERIT 2.15 mmgi’ﬂuwwummsmuuwamﬂimmmammmm

U

= us/' a [ Q‘ d? 1 1 d‘ a Y A = [
Imseauneauusnuludweay v %meuammmum%uﬂamm"lnammmammu

micro

< & ! o w 1 ¢ A
Ysmmsvesvoanmanluddluvme v wag v azasasswdwunazidhggudile v

macro stagnant micro

9
Y a v o v v Jd aa o
mnuYsinasvesvearad luninivua (FOTAU ATWTUSLASAUE, 2542)
A o & 9 = < o o ' 9 @ Y Y
ﬂimmummﬁmﬂummmummmsﬂuwmm FY MIHANTINTUMITI1INaon
a o o 4 A v o u’/‘
YUV ﬁ]3‘Vnﬁlﬁiﬂfnﬁcluﬂﬁ%uﬂusll’ﬁ)\‘lf)k!ﬂ']ﬂﬂﬂaaE)Elﬂaﬂﬂ\i manuluwadu 2 Fuee

stagnant

Mlnusm V iagnan 0O 1) 1984 Oosterhuis, N. M. G. and Kossen, N. W. F. (3909 luReuss,
v A

M., 1995, p. 231) latguenyusiaesdmsudawauinldluia 2 ¥4 vazuauSnunaueen

3 [l [ a o 1 a 1 v v

Wu s daw 1dun vsnavesluia 2 druazuSnavesveurad 3 drunieunudnyaems

A o Y a v [ ~
ll‘l/ia‘ll’éNGUfJ\ima’JVWl'lﬁlﬁLﬂﬂﬂTiWﬁiJGluﬂ\‘]NﬁiJ muﬁ@ﬂugﬂ‘n 2.16

—— Stagnant region

— Macromixing region

—— Micromixing region

319 2.15 uaaausnUNLMIHay UG INANVDI Funahashi et al. (1987)

@ = J (LA
HHIALFE 10 ﬂ13W@lu1§$UUﬂ1iﬁﬂH']ﬂaﬁ'lﬁﬁﬁmﬂqulﬁalla$ﬂ15ﬂ3$f}ﬂ@1%ﬁlu

[ a L o (% a
M300NUUVHILUYNIUFTINMNAHTUMIHAALTULTY (5-74), Tad
Fosond ATWsuzuavamy, 2542, dninmalulabgaavnssuay

NSNOINT UHIINaIRDENH L.



23

®
PN PN
ooss o)
A UL
( C=Eso)
L

31 2.16 nunSraeaiamswaueenilu 5 d2uves Oosterhuis et al. (1984)

VU816 910 Bioreactor system design (232), Tagy Reuss, M., 1995, New York:

Marcel Dekker.

v o d Aaa o
1) 1987 Knysh, M. R., Rasekoala, P. E. A. and Didari, M. (3190411 Fo5al 595Uy
o o 1 [

uazame, 2542, v 1-23) lauenvuirassms Inameludewauuiclaidugdms naiu

U [ A 1 A A U dyo Y a
a1 funToTsuns Madesqgniauiunms amaes TowmarfiilfinaniswayTae
. .. ] = Jd o A agq ¥ g I
A5 (Convective mixing) Iuuaas lyuazliraadosq1urvninfionvzanud lniusaah
a [ 1 y 1 1 J { 1 (%
aanunso laemsunsuuuilutlu (Turbulent diffusion) szvIradnodluTyudiufons

waadlugin 2.17

v v Ao 1
2.10 msaanaealuanzmslvaniuilu
[ d' [ ) (% 9 9y 1=
msnu TasodainsosdnsnadmsunszuIumsmsas aidoaunvay lutianizms
~ . a 421 @ = [ ) o 9 F =\
TvauuusuiGen (Laminar flow) Havy unmedsnmeludinaudvsumsasandonazil
y [ y ] <
an12ems mavuuilualiy (Turbulent flow) Aeldan1azns mavvuiluiliuanus)
~ o = o ] [ o qul P ~ 1 <
unspeunszulsnldeu i lunng dumisvesdmay aniudailumsenniisgszyannus,
= 1 Y 1 [} . . I~
UATIABUN 1F0E19TAIY (Montgomery, J. M. and Consulting engineers, Inc., 1985) 143l 1916
Smolushowski, M. N. (5’1@5@114 Stanley, S. J. and Smith, D.W., 1995, p. 903; Elimelech, M.,
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' Circulation zone == Turbulence diffusion
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> ri+rj
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- |

5UN 2.18 me"wammﬂuﬁusuaqﬂuﬂ"mﬂaaaﬂaﬁaawumﬁu@ﬂ@mﬁu

U 9

1UI8LYA 10 Particle deposition and aggregation: Measurment, modeling and

simulation (165), T@® Elimelech et al., 1995, Oxford: Butterworth-

Heinemann.
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Y= 9 % oy Y = a =
M., 1985, p. 749) ladnynszurumsmsaiudenvessatiludouma Tastiguuagiuid

y 1 09/’ ] 1y &Y {
anuiuthuludowuaniuuaz ldanuduiusaaaunsn (2-26)
=0.16n: N d.+d.3871g
Nij=0.16nin;(di +4d;) (U) (2-20)
A A o o ' 2 A A o 2 A a
Tagd € AvdasiManszatenasnuguIaveuiuag U deanuniiarativeail onvisan

~ 9 = 1 1 A A < 9 [ 3’ [ oa.z' =
AUNITN (2-25) UL (2-26) LAIILWUNUANUUANA NUDIATAINWSUANHBD YN UU AU

v o o 3 a N Yo A
mmsaaqﬂmmauwumm 8ﬂiJﬂ’J”IiJL'i’JLLﬂiLﬂﬂu‘ﬂllﬂﬂﬂﬁllﬂ”li‘ﬂ 2.27)



26

1
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Universal equilibrium range
where turbulence is isotropic and has
forgotten the large scale motions

»i »
>

Anisotropic
inertial Inertial subrange
transport locally isotropic but not

affected by viscosity
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Dissipation ( € )
K.E.Transport effected by

at !'ate by _inertial viscosity
Production interactions

311 2.19 nmluganaRuinavesnssuaIu (Eddies) inaluanizms lnafithutlu

HUYLYE 91D “ Measurement of turbulent flow in standard jar test apparatus”, Tag Stanley,
S.J. and Smith, D. W., 1995, Journal of Environmental Engineering, 121 (12):
903.
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1181116 910 Solving problems in fluid mechanics, Vol. 2 (136, 137), Tag Douglas, J.

F. and Mathews, R. D., 1996, London: Longman group.
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et al., 2000, Journal of Environmental Engineering,126 (2): 143.
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