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A study of In-line static mixer for rapid mixing process

Department of Civil Engineering, Graduate school,

Fukyong National University

Abstract

The overall objective of this research are an understanding of contaminant
destabilization using AI(II) coagulants during the rapid mixing period using in line
static mixer. Four of specific objectives are (1} to investigate the performance of
static mixer (2) to mnvestigate the effect of rapid mixing conditions on the remaoval
of organic matters under several coagulation mechanisms, including
“adsorption/destabilization and sweep floc and (4} The coagulation experiments
were conducted to compare the static mixer to the traditional backmixer under
several coagulation mechanisms. Experiments were also performed to compare the
coagulation efficiency of different mixing type of static mixer which were made
using different flow rates and the number of elements equipped in a pipe.

The static mixer performed better than the backmixer for all coagulation and
mixing conditions tested. Especially, the static mixer was very effective in the
surface charge neutralization, as showing higher reduction of negative charge with
increasing mixing intensity. However, little difference was observed in the
performance of the static mixer equipped with 2, 3, and 5 elements. Also, the
experimental results showed that the static mixer works very well for both A/N
mechanism and sweep coagulation mechanisms. The results also indicate that the
static mixer is more efficient at producing Adsorption and Charge Neutralization
(A/D) mechanism conditions as a result of its fast and uniform dispersion of the

coagulant.
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Table 2.1 Comparison of alum cozulation dilute caly suspensions and humic

substances

Dilute clay suspension

. ;] ;{49_;1 DH 8.5-7.5

S A4 AR EEE pHe ofE4ge] F

- A% clay %9 Fvte SHA FUEe] s 7

-2 FdSe HAe¢ % pHE humic substances?t EAE ] mel ®1gch
Humic substances

- #4 &4 pH 5-6

- HAWNF TOCE pHY 2&4e 2t

- TOCSH ZF7le 2283 A FUd#Fe] 748 #¢

C$AA FUST HHSY pHE clayd EAF - Tol Aol @k

o

¥
Particle Destabilization
T ‘
Raw water Coagulation » Flocculation
l 7y
Transformation
ic |—»
Organic (organic P particle)

Fig. 2.3 Particle and Organic matters coagulation and removal.
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=

e
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Z humic acid?} fulvic acidEt} FF o] Leolslo}, f-7| 82 Aatel 217 o2 948
o] &3le] HARZIEE 2xld Ui AF2ZF Feto] Edgwald (199338 ohom 7
2 ABE 4dA

~Humic substance §F3e] & & (& SUVA b)) 50%9°]4Fe] DOC A A7}

7heote SUVA #3917 4~59 2% oF 70%2) DOC, 80~90%2] UVe2l A A7t

b5 sheh,

-Humic substance #3o) @& B (MF&SUVA 3 @ DOC =7 £3A
FdF mlal= Fgkol Hon 50%eidel DOCAAZ 7HE8tH SUVA<3 91 H 2

—

ek 30% |32l DOC, 30~60%9 UVze A A7 71535 o).

A7]M SUVAZLE(UVas absorvance, m /DOC, mg/L)2 e ol Ay, mata
UVea T2 EF S @o] 58 725 713 A $RE£E22

S % AA} WA §olEA dojuria ¥ & AT

dEe FEEY Y &3

- 15 -



2l

I

initial mixing ¢1& 1%
Agstozt ste Yl B2, 7o

[

T =

h mixing, 5%

£ A

=

=

o

o

Z (rapid mixing, flas

=
HAA A (floceulation) @} & o

2.5 % Z3(Rapid mixing)
FHED

2
=2l

oo

g

A 71E Ao® XA

A=IPN
Einngul

o]

)

—~
[i¢]
TR

o

of 2

=
=

AzZFE A o Amirtharajah, 1981; Montgomery, 1935). 28y ¥ 433}

.
il

1th. Amirtharjah(1982) < €] &}

Q

—~—
fIls)

ol
A

N
&

\wmo

Ho

]

Q
1o

=

=

!

—_~

=
i
—~
Ha

o

S 8A7 HA8

o

b 283, O'Melia(1982)x S5 &3}

o

X

2y

K

A
ok

SESEE

7ol

2ol

7‘.j

o} F o] A ]

Tt aggregation©]

L
T

£

(Destabilization)
[=]

A

Ho

(Benefield et al, 1982) &, F£& 3

flo
=)
il
4

o B
B

it

o] &

=N
—

o} (Moffett, 1968). Vrale and Jorder(1971)

A
_1_951

Azt &

s

&
._7.M0

!

P

o

i
phl
o

4

o

oy
K
4

4

.

i
T

¥
e

2] floc B2 & &

=
=

SR

] alumel t

5

T

=

=

o]

1=

A

5 FAN AARE

R e
7E w3 dejvta, o

Aot A

e A

b s

B3

Ar

B
A+

HA = 7}

otk (AWWA,

=]
R

Bed goiibr] o

[o]

-+

of

LSe

- 16 -~

L

e By

2

17 ol

=]

Rol&



1990).

B

W

B
ojy
Ul

—

o]
3

ol
o

Bo

o

Ho

ol
4r
o

o

o

i

Yo
v
N
&

4+

=9
=

A

—

SEE

| e ehagtch

jo)
it
o .

)

DESTABILIZED
COLLOIDS

»-

MIXINV

o

COLLOIDS e

WATER

COAGULANT ===

TIME

Fig. 2.5 Parameters influencing the outcome of the rapid mixing process.

)

BiH]

oF
G

i

A
(=
2
B

z
nk

Al ZHtime)= o} &

t7] HadME 2

5]

=
M

. FHEHTRY 2543 o

Kk

o]F o}z Sttt (Jorden,

¢l AFE aggregation

ol &

1968, Vrale and Jorden, 1971, Letterman et al, 1973).

ol

0P
Bo

o
=
N
=y
._O_x_

ol F&

kineticoll

77 2] of A

1—
L

T2 9 Amirtharajah and Mills(1982)

]

- 17 -



Bl

)

2
™

ch

3

faxy

3T
=9

o] clay suspension]

A2ET

ERW

alume] -$-

Are FHE

TEPYG. 159

=
=

Wl

o
[

j=3
o

o] oW pHe Al ¥

e

oy

IFE Yorh

ki3

R =

e

_
o

Clark et

don Aagn 292

27 = o A of

_LT_:__TL

kTt aL

.
o

o

$217}

o

]

gge A4

+

8]

of #
|
a9 Fig. 26049 Zo] Z+ sub-processe} I
Aok #59 SHAMN FFd FYHAA

g

A
olg

e o axe =

A

-
=2
sty Eokel o™ sub-process?t

& <tel

oF
L

N
B

—

0

4
o

3

=4
g B4

CRE

Q)
=

=
—

4
ra

B
o]

=
=

[e]
243,

_/;\_’
fol Uhe}

=

A3
A

sub-process & ¥

3} o)
} 1 monomer,

F &

A
e

1y
=2

)

i

—_

flo
A

o

ol

precipitate® 844 3o}

p
.

polymer =

HAsH7| =

=
=

714 22243 complex

HAl2] FhE3)

o
T

F<] gt

;o_a

£

F 3ol

Q.
]

s}

;;t___l

mh

AAE #

!

i}

8= o] ofqt

bl

>/

i

o

[u]
T

A#) ol

=
Ly

b $7bA &5 ElAbel o

3]
4

Bz oz

_18_



METAL SALT COAGULANT

COLLOIDS & ORGANIC

L DISPERSION 1

\

-

l CONTAMINANTS
WATER
MIXING
PRECIPITATION

[ HYDROLYSIS J4

h 4

/

DESTABILIZATION

ORGANIC MATTER

(POLYMERI ZAT] ON}—"

N

COLLOID
AND
COAGULANT

COMPLEX
FORMATION

\

J

Fig. 2.6 Sub-Processes in the rapid mixing process and their interaction.
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Aerd B8 ANE 2492 SAAZ oltsle] ARFHE FTo|SF B
A T4 A5FH FAUB QolAE 59 SRR $5o] SR
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253 Backmixerg ©o| &% g&E3 A

FHlFAAA AMEEA R e FE5E8 FAEE (1) backmixer reactor (2)
in-line blender, (3} hydraulic jumps, (4) diffuser and injecter device, {5) motionless
static mixer £°] vt FAIFHAA FE5EE FA s d¥tdd dHE
backmixer ¥H-&ZFolth. Fig. 2.7¢] Q¥tA ¢l backmixer 33 & =4 3519t}

&34 22 Camp$t Stein?l £E3AS G-valued] 7d2 23] Bag
mechanical powers AASIod AMEEl A stoh Galel 345 &3t Ao A A
of A Tha besr AAbeta ZAGE oA ARFasike] AT el o XA H

SR gEolEs 2719 shhRsl 44EFY FE 2P 9¥L Su

Uebg Aolth dReld &R, G 7 AP wE gol Wz AAAA o

oL

g2 dEEtr)le o]¥Wrh 2dA Camp and Stein(1943)& #HF G#FE A48 AL

N
.
et
9
1

fijn
Flo
Iy
k1

ol

Abgkel AAdy g §UHE enery inputT #FHHEo] elctm

o %5734 GB 03 2o AU

LA (AWWA, 1990) 4= back mixer reactori A9 H2 £EAA ¢t
Z G=T00~1000sec”’, HA HEAZL 10~3022 FANES dstn Y3, oA
HEAZF e FYste 29 ulEE2 0.9~1.2hp/med(million gallons per day)2
WYl gtk gk Letterman et al(1973)% AutA<l ST AHE A3 3r] 44
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Al Gemmell(1973)e] A28 £T73A19 547
AgHrk 1~2mine® EIAZHE FUAFE AL 9HEFHTAY BES AT
F7hA I vty b Fe] RAE FrHAIR fhgEd aFHoAlE el F7t
=7 wFolch FAIRE o)es 0 FHEFHALE sweep THAME FHIHE =9

- A
& T % ok

A.T. ANGLE GEAR ﬁ MOTOR
~. ™ -
CEMICAL FEED TYP, — 3 \ ’ s iy
ErAIES BS | s o 8 e
- &
[
{ 1y "l
| ik DOWN FLOW
{ } ' T PROPELLERS
AW
.
STATOR
TYP. (4)
—

Fig. 2.7 Propeller-type mechanical flash mixer.
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Backmixere| A o] &3l EAe] 713 & 9x€e& 82 dAETY(fully
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backmixed) 4 HAAN%E back mixerd &
elements) &Y 3 A F A residence time)S FRISFA ¥7) wFo FUA3 Fito
ALY Erbs sttt 28y in-line £37)¢] A

A wel 29y %94%6;3;91 FUY BBOR Aste] #A EF plug-flow

i

o
<)
=
o
u¥
i
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o=
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i
32
rir

Hol glen #elM fA9 &
oAl AHZgATE o
s Fig. 2.8¢) 2A3] v}

elements @9 FREZ OFA
element® #39 285 Egstn
A

elementoll 4] HAF= F49 2 g2

Fig. 2.8 Schematic of fluid stream at In-line Static mixer.
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3 elemente] Zolo] ule} R} F4YUd el (homogeneous)® T4 oAt
(Mutsakis and Rader, 1986). o]&idt X E3719 elements radial ETF-& 71584
2 wgh obyel W energy WSS BT an ddstA dogd  uhe}
micromixing Z# A7 € (Bourme and Marie, 1991). ©] 813 micromixing< &%
e EshAl AKINS 7b5 &3] ghgo] 2 43S o]k Al 7Hdsl o
Ak Al WS Hohe whe] dojvtth wekM 3 A backmixerel A 9] vt
£ “transport limitation”e] e ZhpEsl 95 BAASGun Az E o uela
wE E3 ALA micromixing #7%4 2 &Astedd e in-line 44 Es717F Al
b v o Ajsitu & 47k vk

A A 54E A 22 Fele] AAEHZY element’t AEHI Yow
HHA 22 element®] Fejo] mel fHEE B8 ZHgtol dtsiA veEldA €

Wee

o

oo

el

;. gt FHE AFE in-line £871E Fig. 299 =438l deldgie. aela
FEosty g dAZ At FHESI FAA A F=4E 7 EdA A
23 H7HE =] oy ole g AMgHE AAERY e ddd FHE Qsd 4
element®] A LA ALEE elementE e ARE T HAE 4T 7lol=2d e
A st AAE B A8E F U EFES AA Hold diF AF9 v
(length~to~diameter, L/D)7} Q7 =%}, A o2 AL dutzro]ln 3sehz )
-3 dREAd nE E57)e A dMME dFHA FAch FAHA AH
E38}719] scale-upe AT AFet AL A7 Ak AT AHANA in-line A E
#t719] scale-upel W@ Clark et al. (1994)9] dFNAE ¢ AAE et £
stdlen @xl HAANEse] AFe] FriEsrE v =rst A4S BoFdel A
HEEZNE o1 SHESE vlwsty] dstd wwmoA g du|dPe] AAHA
tHSchulgen, 1995; Burke, 1996). EUolES} %22 A&t Axd QdFAF
©] 8% bench-scale d3olA A4 FAoid A3 (direcr-filtration) F 7 )A]
AREHrls T FrEdeld {FFE AHT oHs Hed 2 AFE nAxA
239t (Schulgen, Amirtharajah, and Jones, 1996). 593l AgzxAA {72
dmg/L #H7beted AF A+ E o &3 Burke (1996)9] @Feld He4 o g
FEAY %2 A9 vehdA ek g §718 A2 9ldte A3 HygEg

1

uje

-i>
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HE FHA F=YEe F BHE7IAAM ] F12 AA
#9°] jar-testel]l Mgt oz uvueyth wEFTALS dolf (AWWA and

AWWARF, 1996)<] 213t 33 FHdAM 445208 9slo] 65/H49 Ag2or] &

X
U.?l_'.
fllo
L
+
38
a4
lo
)
H

AED7IVE HAsol 2dga glon o

of
0
X

1o 4L FHged g An, A
AEshsle] AARlal, AR Ear ol g ARE AFetm Udvk oS FANA
dEbel AHES7I = 1-4799 element2l £2 7|0 #@el 422 150mm

2.74m, #%éé%iS@mm—lBBmi T Qo) sA T oA A A EHIE AL

&8 We FHN 4P 2AARA AAs ] A W ek
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Fig. 2.9 Schematic of In-line Static mixer.
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A 37 A5 2 Y

AT E FHAYES Ao FE5FEE st RRA 0T ST o= oA
el 42] hackmixer®t In-Line A& 8715 Ap&aledct ol32] 349 Backmixer
2y wubsog tro] ALREE jar test® FElEYon ALdEss)e Ayl u
A5 At HEE Hrsden HAETU) oA FLHaNE
QL g backmixerel A AFESH 2L £ 2] jar test ol EEHon AAF HEHA
2 obefell AAs] YetSit B Ao AHER e FAA A9 MASFE A

THr=E ol&H 3 goun, A Yl AR HF FEA 22 AMEEHO
e

A dee A A FUlE B2 E UEdL 3o TOCE 2.0mg/1¢]
TEE AU glen T4 EHEILES A9 HTHEE 5 NTU <82
Bhua v 3e4dA A9 38 Table 3134 24

Table 3.1 Characteristics of raw water

. Hoidong
Item Unit .
reservoir
Temperature T 13~22
pH - 652~712
Turbidity NTU 3.4~51
UVasa cm'! 0.049~0.052
TOC mg/L 20~23
Alkalinity mg/L as CaCOs 25~30
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3.1 Backmixer %A

HA LA el AR AWk F2E2Ad w2E a8
A2 #ske] backmixer HE 9 jar testE TSGR o A ALEEH jar test=
=3 -2 Ads #E 6/89] Wk AlE 45 Phipps and Birds A2l jar tester&

ArgEledet, e paddle 840 w4 H7lE (75em)x(25em)t o9l o] A& R

jars (115cm)™ < (11oem) < (2lenn™Q) 4ere 2L 417 jarg AbEsrgdou] 2o
g F AlsAHE FEY obd 0em AFAA AMFE AAdHh £y wwxy

& WA E (pmldll WE HIEHEAA (G) e o83t dudF L St 2A
stdom oudy Z3 =2d HH G g2 55 9 gEHo wy
250rpm (G=550sec’ at 20T)3 30rpm (G=22 sec ' at 20C)ol2A . Fig. 3.1¢1 2L jar
o] #4a ddge AFE et

2lcm

10cm

Fig. 3.1 Schematic diagram of jar and paddle used for 2L reactor test.
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3.2 In-Line A& &3} & A
Aol AMRE AAHTIz|E U ES 2~5709 £33 45 (elements)E F&E

T oARE dASYed FHEHI) AAHE 2 HeAe raYALE o5

_'_.

dom elementd] AAE 304 AHRAgAA 2 mEHE AlAsicdch AT e WA
£ 091lcm, #2] #Hol= 10cm ol en, Fig. 34°% element? &4 A8 vehy
slon Fig. 350l b AR zstzie] dadl b
EHA FULE peristaltic YEF ol gstd B FYT TLA FUHAEE oA
Ao 5% &4L A9fA (differential pressure transducer)® o] £3lo] o= &4 (A
P)YE A adr. Agd Abgd AgAY HAARE Fig. 3690 AAME JERIIRI
A EH7E ARFE 32 (flocculation) S A8t jar-test oA A& 21L& 9

Y jarg AHEERon S&WHEY S backmixingol A9t HLg 2 (30rpmeol A
30 wyhelM HABIT AHESFANE ol BT HYAFXAE Fig. 3.7 AAE o}
1238 °ed=3

gk o SRMRrIY HAA FEFA, G B FEFAG REALE

LhEpRITE 4 4870l 5 o)

28 E GT#E 7I1F2=2 3 vl 2y wnka] SA9E dF EFEAS O

P Gt APEEhEd o] B2 o1 Fo] AlAlEe]l ke (Cleasby, 1984; Han and

Lawley, 1992) o}& 714 G2 diA & 4 Ae H2d 247 A7 7AdEHe] 91X
A

Wob 2 AfdlAE FHuwsE B A §F 2 G50 02 EAFEE FA

g 95t AH Rzl Ao Gt £ WHE v Zol A4 Y. F, back
mixerel A 2] GE,

A7) A, P=&8zZ e §9% (kg - mYsec’)
V=&3z9 §3(m’)

n=+3 2 3 -dkeg/m - sec)
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2eld, ARausle] B9 Aol dehd dFeluAst AR 2V
T g 7)1 o)

At sk AE-Hs W53 ol MY s backmixerst FATY &3

Gabe tehlle 48 WESAtd, IVt 58 98 F52 uR EH),
A (3-4)el A Vo= A(HA) x L(Ho]) o] B E|

A G99 I/ A= uwER) QHE) oluzg,

21 (3-6)lM P = Q Ap
Ap = yhp
o714, Q = volumetric flow rate
Ap = pressure drop across the mixer

¥ = specific weight of water

_ X Qb
G - Q L w o (3’4)

23 y= p(Ae)xg(7hER) o0 2|

1=

hy = head loss

oy
2

A @3- B2, BAe] 2de
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A 3-89 p/u(AAd) = Vo(EEA) o=z x4 G G532 o] Yed F

ATt

A71H, v= SHAHASE (m¥sec)

4 (3-90 vhehd vbsh 2ol AATuIIWY §5 Ex 42 oo wase 4

EAM)E AYAZ e FHAWo Y] EHAEE SEAHGE e

ATk 4 (3-00 olgstel R4, GE Z4a7] fse) dRT #9 w33t

W2l element Soll wet FA @R AN BAHE FFELE AAAS o) &aho]
B3t

R |

_|1N

1 5cm ———m

—

0.9¢m

1

Elements

Fig. 3.2 Schematics of in-line static mixer element.
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Differential
pressure cell

— = Waste
v
Static mixer
Raw water i 2-liter square jar used
Holding Tank for flocculation

Coagulant
tank

Fig. 3.3 Experimental setup of a static mixer for
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2 o AFoNAM ArRE 4 AN L standard method(1995)e] 2l&] s gl o

HACH, 2100P B =4 & ALg3led 0~4000 NTU® ZFg&dow AFAL 2435

AL 27 BEOIOE @9 § 9EE Z4sAY GEE celie] YA 2o

2) UV-254

Aol Frlga SHFEES] £F A lignin, tannin, humic E2 59 Jd2 EH§
ot ole gt frlva SHFEAL 200-400nme] AN GG H) FAES
it ojelg Ad2 WEHS 332 2 (aromatic substances), EX A WE 5§
&4 (unsaturated aliphatic compounds), ¥ 3}x%% 5 %L (saturated aliphatic
compounds)s &4 A7 o]F A o)l4E FIUL BHEEC WL FHE:=
RAell A, old @ ol Fa Tl UV-254nm7t UV FZEXE ZAs =0 7|8
deol MBS Ao SAs Y 2o] o] 8531 ¢th (Edwald et al, 1985).

A B Type A/E Glass Fiber Filter (Gelman Science)E Al£3te o33 %
lI-ecm A9 cell® AH8-3ted 33 254nmell A spectrophotometer® A}-&38ted =514 c),

3) TOC (Total Organic Carbon)
FFA EAGE R 5EE 4gner] A S4edn, YLy 24

S A3l TOC vial® ZE4 AAdoz HE §12 HB

o
uly
=
2
r
n]
iy}
o

TR AAdAS ] Agslgdn. 2o CeHsKOy(anhydrous  potassium
biphthalate)$} NazCOs(anhydrous sodium carbonate), NaHCOz(anhydrous sodium
bicarbonate}& X F &Aooz Al R3ale] 7h7 TCe ICe ABHL AWz

HE ¥ RAE A4 Ut s $4e 24 44 sen] a%A 2¢ A

R diZl mEF A $EE st 4T A 23 S
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4) Alkalinity

$HAT Asrd APl 2ust dBUEE APPHoz st 2B

-

Qe HA 00INE A&kl ARE pH 43704 atehul a8sE e 9

& CaCOum #abstel Ealsiit

5) Zeta Potential

Aol g9 dste welstz] flstel 47l dEw 547 Lazer Zee Meter (PEN
KEM Model 501)2 Abg3tglew, jar-test 2FA 1€ Fte d&uaw & ASE
AHsted EAstAd. &4 7] 3 NEsE ZE22dY S9sHy 22 BEA &
7l AgaAr 7125 H COt Fof &7t pH7E Wl AS 97] f6A "%
stod A shdh 13 wrEEol Fo| wAdE &Fo oste Wl wAs JF
S FHAsst7] HeiM Barw ok WEES sdth

SEM AT AR AREE 40 9 71718 Table 3.3 UeEhuioh

Table 3.2 Analytical method and instruments

Itemn Unit Analytical method and instruments
Jar-test - Jar-tester(Phipps & Bird, Model 7790-500)

pH - pH-Meter (METTLER DELTA 345)
Turbidity NTU Turbidity—Meter (HACH, 2100P)

Zeta potential mV

Laser Zee Meter (PEN KEM Model 501)

Combustion/non-dispersive infrared gas

TOCDOC) analysis method
ML 1 0C Analyzer Model TOC-5000, SHIMADZU)
Uv-254 em ! UV -Spectrophotometer(UV-1201, SHIMADZU)
Particle counter - Particle sizing system(Model 770 Accusizer)
Al mg/L ICPA 61E TRACE ANALYZER

(Thermo Jarrel Ash)
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of &AL Ge 4 2deAM $REAME SH-sd A3)S ol &3t ALY
b A(3)E ol&std S5 44 GE A3 $15] element?] 47} Olempty pipe)
X 5AAAZE ARg AXEs7 @ Aol 10em ol en (3+2) elements7t A
A wRkzle] # dole 30emE, YFF el 3709 element® M X1, |
2782] element®& 7ztz} 231l Table 4.17 Fig. 41104 AHRA FFo] =7t
Foll wel, =3 element®] F7t F7 gl welk $FEAR £THFAL Giol ALH
o2 7SS dEhla vk ole (3ol vEbdutel o] H#EF element 7t
F7hEel met gl el dRd el AA Lo wEl Rt FEF Alol
TEELY FUME P oRAM £EAANE AR TIPS & F AU 5
elements 2t (3+2) elements®] A% % element?] = 2oy #9 ZolxE QFy
(3+2) elements®] 7 $-o) FSF&Hdo] tha EA Jebgch ®=38 Fig 4119 98
I elements®| 7Rl ©E LEAAL Gate AFAAM & F Q%o AN Gakel
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+ AAEs7e B A FHEYSE A% 2A4FHA aubRA 2o AbRo] bk
Zl et dodd
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Table 4.1 Measurement of head loss and calculation of velocity gradient under

various flow rates and numbers of element

1L/min | 2L/min | 3L/min 4L/min

hi. G he (x he G he G
m) [(sec ™| (m) {(ec)| (m) |@GechH| (m) | (sech

empty 0.004 238 0.012 815 .02 1116 0.04 1822

2 elements 0.045 966 0055 | 1611 0.07 2087 0.13 3284

3 elements 0.05 1018 | 0.065 | 1642 011 2616 0.15 3528

5 elements 0.06 1116 | 0.085 | 1985 0.17 3253 0.21 4173

(3+2) element | 0.06 644 0095 | 1116 0.19 1985 0.23 2522

5000
——®—— empty (L=10cm)
Qo 2element (L=10cm)
4000 4 | —— ¥ —— 3elements (L=10cm) A
"o — —v-—-- Selements (L=10cm) P -
g— — - — 3+2elements (L=30cm) s P 4
&) .
w 3000
c
2
o
©
|
Q2000
=
Q
S
]
2 1000 4
0 - . |
0 1 2 3 4 5

Flow rate (L/min)

Fig. 4.1.1 Comparison of velocity gradient with flow rate.
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42 In-Line X &35 7|2 E3F % & 289 vl
Figs. 4213 4228 AAE379 4AFZFA element 5ol }E 22588

wstzl flske] okM AAHH A AES HA SHA TAES 0075mM (as ADE

59

nAste gro §712 AAERES UeiD Ao A4E9 gade 2 5

o £ dAS wslAZy] 3t AA 2] element?] M5S0 (empty pipe), 2, 3

? ’

SME 44 HAske 4 elementd theted f#E 1 2 3 4 L/ming Waa7n A
A& FHEGAG. Fig. 421604 debd vhep Zol ¥ AbgE HA &8 7)o 9%
HEAAE HAE elemente] o} f3o Adaglel BE EftxddA fA &3
TS RBoli ok =@ HEAAM uAE element w9 AHAEINNE T 7%
of d&Fe % ERAZOAA Ao ey okm gk ojeld YL element’t A

ol A &2 Wl #S 5 EEAE 7} elementE AA T E37)9 fALS AL
ot & 4 ART Khute(1990)e] A7 A= E3le] Fae 2+ AHEH7|
of dRYAL F5d7] At FHe] T £ E(pipeline expansion, baffle, etc)e] o &&
e 27 gegn stE 2y 31 EFH ERAERH GE F71E
AN TES Ve Fig. 4228 A9 ddsoz 439 elementdol 43glo)
el A FEel LA debwoh F, fFge] T BE EIFEGI) S5

)
2

AN

718 AAZEo 2t dwyoz $ATYF FEEHTHA EFPEsL
EeTE EHEE] Frletr old wiel §3E o) TGN Bage gou} B

dgAAAME o AgudrdA FEHeE FF Frlel @E BHRLI F71E
5 FHEE A AY FAE FEE 24t ol ¥l dL/min®] ¢ B
ol sl AR AL 024 secdmR 7] wEe] SPAe mE BAlo] &itA

02 olFelnz @b WEEY AR SusAY, BT 2 Ag

+

micromixing ©. 2 <13te] 43
shef wFUEL spEEas
() AA5Rage] 4Ade Aol usel B2
wol W4T #7128 4o anHes Hgsa okrl dEold BRAt o=
Clark(1987)8] 1 ¢ 2ol Al Waglvls} 2o AAY wUAE ol4e] F8 EFEL
AT AW Feel Al Bol BHEhe dast fAEG R adg. 2 o

_39_



TANE FRNRA AR TV F§ AALAZeRZE Gakel 1500~-2500
sec 07 §AT F A AU elements®] A5 A Aoz AgHr) =
H xS ERFEGE FA87] Hside o & FE3% o B2 elements] 57}
t71 el A &5
oF AFHel Rk ol & % (head)’t SFHAY o2 Qlsle AR EEIE 3}
ol of & +5F&A (headlosslel #2Eo] FAFez 5" =71 ot

olitel EaZwel i QBB AAE MRl Ysted A FYw
0075mM (as ADRE 14T F 7 THZE d AMedAs F459 Fig. 4.2.390
HYEr itk Fig. 42391 Weduie} o] G, § TSR FME4E Agdy)
A S7hs Ao Gaol 3000 sec ol e Ao $AE AN E noltii) o
Aot JAEE RAFE ok wmEs 938 EFEAAE ERPEs Z}
TrE AN A7 dstTErt ol §&H 02 dojutirt YR 5L Eg oA
T AllOH)y9® B2 fldto] AstFsty T80 AstdS & + A =8 59
T S3A FAFAN G=550 sec”, WHrAlZF Imin?l backmixer®] A EFH Izl

-17mvel vmald MelEs FWAHE AHEAssL 9 AeH
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QEEG HA S A RAAAE ] 2 EAFEE 4

o

ok
o)

2 e

g 7 U ole AHEHIE 58 589 E40] backmixerRtE 3 Ae £9)
Ao 7ot A& £ d fdsr] gioladt dadd. 94 a3z
2 EIAEr FAYSE )9 Ae A #2dE AL Yt Hs ZF3el

A4 Al polymerZel ©f weol 44597 WEel¢t A} Patterson and
Zipp(1991)2 competitive-consecutive B¥r-3-(A+B—R; R+B—S)dlA &35 74 <7} 50rpm
ol 600rpme.2 Frieel web F7F v A Eo] Rol f Ho] AMEHYUGD w1
FRed AIDE Z$ RS 2 %ol25 W AN polymer Fol &2aic}
Amirtharajah and Tambo(1991)¢] AFZAFo} o3} HiF 473 3me YAE 434
old SHAE A §4E A F AgAdY AR §Y AT 198 @
G A3 Ggkol 1000sec ‘el A 3000sec ' Abolol Al HEFE Bt A Zrhstd
7} 3000sec 'ol4bel GatelAle dalFs mAst FA8 Basd. 15 A
WA Z s d8Aold, mixert backmixerg A& @ttE Hol B o Wy o
St Espd et dstEshe]l Huka Age FAREHA delheg A& mulr] o
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clement 2ol i3t SHELL HAR dLAnd ofstd FRAA EFE AsiM=

element57F 257171 A#std 2 A A4t (Clark et al, 1994, Bourne and Marie,
1991; Taweel and Walker, 1983), gF# kiute(1990)+ A3 in-line AA E &7 E A}

23 A¥ANRE o]&dd in-line AAETrlel gt E3e] & mixing
units(pipeline expansion, baffle, etc.)¢t & F 22 dare Hon g3lr|o 7]3 38

A g A Ul wE gl g st
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Fig. 4.2.1 Turbidity removal efficiency for different mixing conditions under varied

flowrates and element numbers (alum dose: 0.075mM as Al).
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Fig. 422 UV removal efficiency for different mixing conditions under varied

flowrates and element numbers (alum dose: 0.075mM as Al).
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Z.P (mV)

-30 T T T T
0 1000 2000 3000 4000 5000

G (Velocity gradient, sec")

Fig. 4.2.3 Comparison of Zeta Potential for each G value (alum dose! 0.075mM as
Al). (Zeta potential for backmixer at G=550 sec’: -17mV)
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43 In-Line B AE37] clement2] AT ylo] & SHE&] v
BoAdge 4 AxEsirie] AAdAe 2&8 % AHEEIM element]

Ay we FE el nAs 9FS AHvl fetd AH T Zejs

element®l 914 WaAA 4YS WAlstuch dH 4¥AARE BUR 43 YHE
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£ 5709 elementsell H¢ R {U1E AALES WdEUAW 28 vERd
ulo}l Zo] gBiol f71E AAEE 2BF (3+2) elements E£3712 FFE S|
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om fuol FEY e g#: 9 fUE AZEEY FAaE Holn Utk o&
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o
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9 A& EFe] Yolvbn

7Z+sl R ul A floce #HAE FE3F
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712 AAAY Tt 29 AAEHRVE HAst 19 2~3709 elements?] 43
9 GZE 1000sec 'AE A8 29 M= 23719 elements® A A FIb &
st 2 % flocculation® FAZE £38 0jA floeg FAY F YR dlojop & A
olvh HEFF 7 ol Egrl Aleldle @ o BEF AAGAHE KA F e
AAZ 7R w9 (3+2) elements A HE87)9 A Table 410 Yelgd F5&
Ay AT GaolA 4 4 259 5 clement$t FYE elementrt A A = S1A R

wel Zolo] et +FEAE BT GRS 7wl vletd SAl Urhdn e
A 2 elemente} A3 g dEbich dHAEE 2 element$} Selementel] ] &}ed
g@Ae] eAFs5e Holm 9=d ol oA MWaulg Zol 2 elementd

Selement® #ol Zolzt 10cm ol o (3

QW]

) elementd] 4§ #e Helrt 30cm=
7ol weEl A FAre E=r2 st gAY BEate] aHd oz gojuia 33
Ggol FAEHUGy FdEoAn

- 44 -



94

—&— 2elements
(o3 Selements
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Turbidity Removal Efficiency (%)

84 T T
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Fig. 431 UVz removal efficiency for different mixing conditions under varied
flow rates , pipe length, and element numbers (alum dose: 0.075mM as Al).
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—@— 2¢lements
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Fig. 43.2 UVasg removal efficiency for different mixing conditions under varied

flow rates, pipe length, and element numbers (alum dose’ 0.075mM as Al).
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el uie} go] BE FEAE Z7elA (3+2) elemenet in-line &27]17F back
mixer2.Th B E o] AWET7 dAstA SF3tdrt. 28y 28 AHgE FFe 9
F& AAdExze dAT vy F Aozt YEGA G eH HAGEHE AR

Sop ARNEHI)E E@ £22 2957} o) Aol
4

ofi

o adzd Uz AHNY §F Ax
of w2 FFa g W3t (3+2) elementse] A 7ol d@do] HA YEIEE & o+
Atk

_46_



6 | Q —@— back-mixing
I D 2elements

=) —w— {3+2)elements
[ 1
E ]
=~
b=
g 44
0
=
e
— 3 7
]
o]
=
8 27
[+4

1 -

O T T T T T T

0 5 10 15 20 25 30 35

Settling time (min)

Fig. 433 Comnarigon of (3+2) elements static mixer with other mixers for settled

10000

—®— raw water
- back mixing

= 8000 —v— 2 elements

E - (3+2) elements

= —

a

5

o 6000 -

L

8

c

E]

8 4000

2

2

5

a 2000 o

1=2um  2~3m 3~5/m  5~Fumm F~10um 10-45um 15~25/m 25/m<

Particle diameter (/)

Fig. 4.3.4 Comparison of (3+2) elements static mixer with other mixers for
particles size distribution (Dose’ 0.076mM as Al, Q! ZL/min).
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Fig. 44.19 4425 ¢34 FAZo) hs AHE 879 backmixerd] °lg g x¢}
SN2 AAELES Jepdglen A pit =A L kA gk AAE s o3 H

et oL/mine.® mAale] 2zt 379 Gztel 2 elements = 1511sec’’, 3 elements

= 1642sec ' 5 clements = 1985sec 'Z A8 1 backmixer® 4% HAFT:alzz
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Fig. 4.4.1 Effects of coagulant dose on turbidity removal for the selected rapid

mixers (Q = 2L/min).
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Fig. 44.2 Effects of coagulant dose on organic matter removal for the selected

rapid mixers (Q = ZL/min).
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Fig. 4.4.3 Effects of coagulant dose on turbidity removal for the selected rapid
mixers (Q = 3L/min).
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Fig. 4.4.4 Effects of coagulant dose on organic matter removat for the selected

rapid mixers (Q = 3L/min).
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Fig. 45.1 Effect of the rapid mixing condition on Turbidity removal efficiency

(A/D condition vs. sweep coagulation).
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Fig. 452 Effect of the rapid mixing condition on UVass removal efficiency (A/D

condition vs. sweep coagulation).
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Table 42 Computed Kolmogoroff's microsacle on backmixing and in-line static

mixer
waal -y D?WT e turbul
Ssip: s urbulence
power issipa 1.on velocity - n
mixer L per unit - | GXT |microscalen,
dissipation gradient G,
», 3| mass g, om
kg—-m sgc m2/S€C3 sec!
100 rpm 0.045 0.023 150 5000 81.77
250 mm 0.605 0.303 550 33000 4270
back mixing -
376 rpm 1.28 0.642 800 48000 35.41
500 mm 2.00 1.003 1000 60000 31.67
empty 0.000653 0.083 288 270.72 5901
Zelements| 0.007347 0936 966 908.04 3222
1L/min|selements| 0.000796 | 1.248 1116  1104904| 2998
(3+2)
0.009796 0.416 644 1816.08 39.46
elements
empty 0.005226 0.666 815 383.05 35.09
Zelements| 0.017965 2.289 1511 710.17 25.77
static 91./min
mixer Selements| 0.03103 3.953 1985 932.95 22.48
(3+2) 0.03103 1.318 1146 1615.86 29.58
elements
empty 0.0038 1.248 1116 3906 29.98
Zelements| 0.0343 4.369 2087 730.45 21.92
SL/minl e e ments|  0.0833 10611 3253 |113855] 1756
3+2)
0.0931 3.953 1985 2084.25 22.48
elements
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