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Fig.1 The equipment consists of the couette device with a
rotating outer cylinder, a high-speed camera, and back-
ground lighting. A simple shear flow field is generated in
the gap between the inner and outer cylinders. Structural
changes in the floc can be photographed from the outside of
the cylinder.
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Fig. 2 Particle size distribution measurement result of kaolinite
sample. The average particle size is 5 um.
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Fig.3 Gradation distribution of captured image (Graph-R) and analysis area (ROI). Image size is 1024 pixels X 1024 pixels.

This ROI is the range of the black frame.
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Photo.2 Photographed images of flocs from 2 to 600 seconds after
the start of the test. Due to the background lighting, flocs
appear as black shadows.
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Fig.4 (a) Changes in floc diameter and number of particles
over time (number of particles basis)
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Fig.4 (b) Changes in floc diameter and number of particles
over time (volume basis)

FL7:X% Fig.4 (a), FHEEONEETELNA
O % Fig. 4 (b) 2R T o &t % AL MEH
720 Ok FE (f/cm?), B Mtz 79y 78 (um),
FEh & £ EE R time (s) & L7z, Fig. 4 (a) 2B W
T, WBEZ2 S 80 M2, Dl 400 um 20 5
2290 um & 5AELL EICEBHIZKE L2 —H T Dok

Dsold, #EEFIZxE L TR 2 2B e = 7R L,

B0 LD T DMEANIIZED S % 225720 Dk Da®
FEREN2ELUEERENZ LD, REBRIHFET S
Ty 7 ORPFIE300um BETH Y, 2000 um %
ZAHAREOT70y 71 3TL I DIHFLET H 2 LAVR
7z, EHEEEORFIEFIC L 25X, ZHOM
N7y T X BREPREVEEZ R, RIS, R
HORFEFIZ L DM 24T > 720 Fig.4 (b) 2BV,
SERBAME A 5 80 FPI1Z Dootd 400 wm 2 5 1500 pm,

Dsold 270 um 705 1000 um &, 4 fEREEICHRE L 72,
ZOERTRUE, 34 8/cm® 5 T3l /cm?E, 2 f5IC
BN 720 BASRIE A SR FEUIHEFNCEEM L Tw iz
B, 80 B a s, KT EUE g & A 2ER U7,
R I21E 46.5 um LU ORI I3 E T n
B, BAIASE D S 2RI L B 7 0y RIS
R HBUT A Ll TwWb e 80 Tl DaaclZ 1T 133
BRICBITAHRABEECITRELTBY, BERMGEED
Lt 78 v 7 OWMBUIE S KA HoBEIns% B A
T2l EZ NS, OWIZBWT 7Oy 7 IZBRR



45 [EICA] #27% #4% (2023) 87
PREZBR YA AL THRELT, BRI AT S ORESAA BRI — 2585, BN I25E

HOWAD G ENT27280, ISR FHANEA L 72,
80 F~300 Frizid, K TFHDNRA L TWBIZHEDLS
F Doae AY 2000~2600 pm O L THERL L, Do H®
1500~1700 um OFFHIZHEFF SN TV L Z EH 5, 80
B FE TOMBER OBERS T, DRI E & %
BB L > THRELBMA THALZ T A5 —DOHDY A
A XD HEHIE, FRYOBEYELICEE 70y 2
BOPWEISRE Tz EZONL, T2, K%k
RIZBNWT, TANEENED S 70y 7 ORKEL,
2000~2600 um Td - 722 & b AN S, 300 FLL
FElX, Duwld, 79 v 27 1KOUEMETH L7-0%4
X5 E RSN LA, BIMEIZ 7 <, 2000 4m fif
FIZEE o> Twize Do, FTHIZ—EMTHEERLT
BY, BELHE HERIOFEREICH 72, 20
L2, THIEFHE 2 ZH A TIC—EDORIFIRE & KbF
Bk 22 LT, 70y ZREHEIZZILL TWwiz,
Photo.2 IZ/R L7-BE2 L it AN 5 2%, BRI
LB TIX, 7y bFNA AR EREIT S 7
Oy 7%, Ebohtn) b, mnhFmIcEBR L
TWAHEIHICRZ B, 20T EIFHORRZHVW-2
TOEEIIBOWTHERINTWEY, EXY, Fig.
4 (a) & Fig.4 (b) OREROENFERZ LS 5 &,
Do, DsplZEWH R SNz, fAEREE R IEHE &
T5E, 70y s OERNREERIEETCELL00,

UL DR O B 2 2T, 71y 7 EOZEALH

AL L o Tz, HEEETCRERELERT 2 L,
Ty 7HBPHEBR L TRKRICET LI TOTU Y 7%
DIEALR, FDWk, 70y Z RV SN LT 28
WTE, BETOEZAXER LT VE#TDH - 72,

RL72BR 22 LA I IENE I L 2 RFED
WL TWh, RO L) RIFRIITKLENDEH %
HEgE 7 5RBRATIE, WA EEESEOKOE)
DIFE L OREMESEEH SN, AEEEOREEY
HW BRI 2R T W EHIITE 5,

4. % as

4.1 70v7#@EE 70y 77, RTFHROBR
Fig.5 12, —EDOHTAWRNIGIIBIT A 70y 7k
BoA ETEREND 70y 7 OEEITILL T A
A=V ERT, Mo nF) >4 MERERIE (a) 1R
END LD BLHEREETH ) PACI DSTEA S, it
HBrEEsns L b)) IRT LX) BEo 70y 7 [H
TAENIGOERIZ X D B @ze LR K& 270 v
I ANBET A BT CIX, IERICE->TETS
borRkEsPloray 7PREHRINLOT, KR
ENTWE L) LEO/NERFFIIA T P E3NHv,
LrL, 7897 0PBEL—EDOREID LIRS &,
—MEOHFAEL L TRl SN, HELI-70y 707
FAY =L, HELE) 720, ko7 F—
R EMOEED 7Oy Z IR E NS, ERIZ
Lo THMENET A REELZ70y 7 ORT Y
YhLTWB D, ISR TEIEEINL L) IC”
DLW, FEEOKTFHIE, 79y 7 OmEE—I2XY),
ARERFIGTE A D IRBEEMIZHA LT EEZ S
NbL, EHICHANEEERZL 2 HTHE, 70y 7[H
T OHEEE—DPEASHICREZ 7Oy I NERET
o 70y 7 ELOMBEHEEN—ETHIUL, 7O

® . s 0" o . ] . -
- a s A OD -,n._.V:S o e ® OD "y ° -V..D
@ te o @ -, .. 2., @ - e =, o 0.
2ot i Sl ¢ o - @ L w "5*0 -
g A O‘B. s, @ T - _%_#_Ozb - @ oy
S A P = R ) -
LepelS ] LI e et sl (TR e g
ce e un".:.Oo_ 0._4"0&_-0 N oy "t e . & PR
s . e . N . -
i e tre L @'t T a0 P w Yo e LD e,
et e Y QG’G-d . . e ‘Oq._:e'cg
<@ <. . ez © - catet . o s .
2@ % Qq &4._-”. < 'Oa,‘a [ 20 - QQ @ °F ﬂ.“O < Ve
- . o a. (P ° < Te e~ L',
cad. @& s @ BTN L e . s @€ O “5@ < e
N o o L] .

. 0 ° 6 Ny g e L <t =2 % LN S =
cheps e e .‘Q' A v e =3 “Q« N .= ..
ce e 1. -®e s 1. -®g Lo et C_ @ s 1 <@g

G .= . oo . §
(c) (d)
t & 1 - ‘. d o
. e 0/,.’ ~o WY % . e RN
. Ve e g \ A . 2 v
. SO & ‘ ] S e On. Pt du‘
° S ° >, =5 O
o . L ”°’ v NELS o - &
. LAY B . ’ .,
Tes s, . Q0 ‘2® “““3 W T,
° ety it ° _a. . . o4
N hes 2 s e gl
Do L geT Sl s PR
a ke g% ' = T Yo e @"b 2 . wi-
So Nl § e e 8 Sl
~-27ee L 0e g e ), K S
o Ty S ) -1 e
o e S e Sem® 8~ ° %
K T o N -3
.« ® e . = - L™
L

(a) Before coagulation. Kaolinite particles are dispersed.

(b) Immediately after the initiation of coagulation.

(c) Appearance of flocs reaching maximum diameter.
(d) Densification by incorporating small flocs into large flocks.

Fig.5 Schematic image of kaolinite flocs growing in a constant shear flow.
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Abstract

A floc structure with excellent solid-liquid separation is important for the design of water
treatment equipment. Over the years, various combinations of agitation and coagulant dosing have
been investigated. However, since mechanical agitators such as impeller agitators create complex
turbulent conditions, there are few reports of phenomena in which the shear rate generated from the
flow field affects coagulation and breakage. Therefore, in this study, we discuss effects of simple
laminar shear flow on floc structure using the Couette device. This device has a concentric
cylindrical structure with a rotating outer cylinder, and generates a uniform laminar shear flow in the
gap between the outer cylinder and the inner cylinder. Using this device, we photographed changes in
floc structure due to shear rate. As a result, the applicability of the device was confirmed, and a
gradual increase in the density of bulky flocs formed in the flow field was observed.

Key words : coagulation, floc structure, poly-aluminum chloride, shear flow, image analysis




