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TRLZBFEA2S, 7oy 7@ BEZRDTRE, $72, 7ry 7BEZRD 5751k
& LT X LT\ % Parker & O i ([ Floc Breakup in Turbulent Flocculation Processes |

Parker, D.S., Kaufman, W.]., Jenkins, D., pp.79-99, SA1 ASCE, 1972) & O %11\,
zay 7EE 7ay 7 OREEEDOBRENZFHEL T3 b DTH 5,

2.2 Parker %o 3o i B 72 48/

Parker 253, F5IAT 25X oR (D) ISR TRER T & KO EES R 255 1CHD
N DR & RO 2 BfR & KD | K I  BEBIC T 2 KD T3, ZoTiEoEn
7R, TR T ORI L RO R S R EEERD T b L 2 AICH D, Ll
IR T OB L AR DBEEDEI/NI (o T & EiTid, M ZEE AN & <
o TCLEHIRICH B,

KT L HREDBARED L) BAREHEOONICL Y., ZOHENREL 2 LAMEX
N, FEFHREEL LD ICETBOL AR X 2R OERBIICOWTHREIL T & 72, Z Db
B, NIV KR OHEE (LT | 0% I W»THERYESHTEICKE L 2Hlics»
<. B L R0 EEEBOMLTDEL L TCRMET 2 HEEZREL T 5,

AEIC BV TIE, Parker FOHEEZICEKT 200 (7)) EEFOLTICRKT 20
(r)toltige, Zuy 2N T~0#E&GEE2 70y 7R TICBEES N3 BEEDO K E X
TiHii T 2Bk EZR"T 2 LicT b, 7uy 7EE% 1L.lmg/cm’® & F 2HifHICEBWTIE, #F
B OERT 2ETEDITT O TR S 2 FHI 72 B6R D 77 2558 Y) 70 VibE B % 5- 2. 5 BAf%
b,

LI WTIE, 2D X9 BEBERICOWTHEI L TnL, EBRoFEA v iz, OME
BERNOWEZ Y b7 4 v LFGEEHCEESIE L, SLIREE & il 2l L T\wb C
E.Q7uy s BEEBFEBENTELCVWE 2L, @70y ZIEHT 2 oK% X 2EERD,
BEZHET 27 7r—F 2L TCnble, @WREOF—X—Z78vy 7 OUWRERED D
HEIN2MELHAT 2HBELFFO>Z L, D4RICH L, 70y 7 OBEXEERT 577
EERTEDAREL Ao T2 L ZRL TS,

¥ 72, TElc5IHT 2 3FEELED ASCE ICREL X205 LTw3, SEoD
e ICRE T ZGI L T3 0T, FRIConTld, KXz SH Ik n,
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Evaluation of Forces Based on Difference of Density
Model of Parker, Kaufman, and Jenkins.—Parker, Kaufman and Jenkins (14)

investigated forces caused by the relative motion of a particle in its surrounding
water. They modified and extended Techen’s description of particle motion
(19) and developed a relationship between the relative velocity of fluid with
respect to particle. The fundamental relationship is presented in Eq. 1 under
the basic assumption that the particle is small compared with the smallest
wavelength present in the turbulence

Lo et = (duk du, ) = o
[o] = K,pOdV + + = = 7 ol SREsR e e e T
*He " PTG | o SRTE

in which p, = particle density; p = fluid density; S = particle cross-sectional

. area; V = particle volume; u, = particle velocity; #, = fluid velocity in region
of particle, i.e., eddy velocity of scale \; v = u, — u,, relative velocity of
fluid with respect to particle; k, = turbulent friction factor; and Fe = external
force.

The first term on the right side of Eq. 1 is the fluid drag resistance, the
second term is equivalent to the buoyant force, the third term is the force
required to accelerate apparent mass, and the last term is the gravity force.

Using some simplifications introduced by Levich (12), they obtained the relative
velocity of fluid with respect to particle (Eq. 2):

(e, —P)V]1'?u,

= ; ti3d Isinemaball adi i batszogquosni. vitiailg 2)
[(pp + ?p> 4AE k,pS)\]

in which A = length corresponding to particle diameter.

Because these relationships are described with a Lagrangian coordinate system
based on the movement of a particle, they are very convenient for evaluating
the effects of density differences.

Formulas to Evaluate Forces Caused by Difference in Density.—The following
formulas were developed by Parker, et al. (14) for the fluid motion of homogeneous
and isotropic turbulence.

For the viscous subrange:

12

, d
e 12u7 = E(pp s1p)ygiidemrolob bos ¢isnsh vi zeoparalib adl puoy 3)

in which v, = [gpp — pY 18;1.)(1 u’ = relative velocity; p = viscosity coefficient;
d = diameter of particle; u, = Vs V (e/v)d = eddy velocity of scale d;
€ = turbulent energy dissipation; v = kinematic viscosity coefficient; 8 = constant
coefficient; and v/, = surface shear stress corresponding to the viscous effects
evaluated by difference of density. And, for the inertial convective subrange:

j el P ¢
Ty2 T KeP 7 = P \/—3_" Uy siriok yaasaahd sdi deiw bk ad 1aum izapnay e BIF (4)

in which v,,, = the peak relative velocity; u,,.., = VB (2de¢)'/? = eddy velocity
corresponding to the peak relative velocity; d = diameter of particle; € = turbulent
energy dissipation; 3 = constant coefficient;

11
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1/2

PsTep

and P=|-2
P
p,,-l-?

7,, = surface shear stress corresponding to the inertial effects evaluated by
difference of density.

If we rewrite k, in terms of the usual friction coefficient C, = f(R)), k,
should be equal to (1/2)C, and should be evaluated as a function of particle
Reynolds number determined by Eq. 5:

dv, dv
R,= OF L STt o s B (5)

14 14

For the various ranges of R »» the values of K and n are as follows: Newtonian
Range (R, > 10°, then K = 0.4 and n = 0), Allen Range (10’ > R, > |,
then K = 12.65 and n = 0.5), and Stokes Range (R, < I, then K = 24 and
n = 1). These results suggest that Eqs. 3 and 4 can be expressed in an unified
formula (Eq. 7) with the R, as a controlling parameter.

Inapplicability of Eqs. 3 and 4 for Evaluating Surface Stresses Acting on Almogt
Neutrally Buoyant Particles.—We can demonstrate from qualitative analyses the
insufficiency of Eqs. 3 and 4 for evaluating the forces acting on an almost
neutrally buoyant particle. If p, approaches p, the values of 7 should approach
to a value corresponding to (p, — p)’ or (p, — p) and eventually zero under
the assumed flow condition. Thus it would seem necessary to develop a methpd
to evaluate the forces which act on an almost or completely neutrally buoyant
particle.

2.3 ERoOMEN
2.3.1 FEERIEE O

7uy 7iEEERNICKD 37201, FIG. 1 X5 RERKERP O3 EEE# 2T,
BEROPFORNICL 2 NT%ZTIC, 70y 28X DBEICLEN> CTEFT 270y 78
DBIRE D EAGEL T %, BEERITH Db 2HITKEAD b K 72 EHENIC I W CTHRiE2 6
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B NEHTCL, 7oy VFOREIZHET I LT, 7y 7OBERHEEL L) & T
LEEBTH L, BEFEOBELEIT1.10cm, £ X131 122.5cm TH 3,
Constant

Voltage
Regulator

—0
Motor
o

|
L}

L]

Cylindrical Pipe

Dispersing
Flocculation Reactor and Sampling
(4% % 2] Vessel

FIG. 1.—Design of Equipment

2.3.2 FEEREAFOMEE GREA O8O 2 L fliliF o ngtr)
7 vy ZIEBEME (7 uy 7i8E) O EHERT % 720 ICEER OISR & #BhE D%
REWETT 572010, RRICRTFMEZHREL T b,

TABLE 5.—Conditions of Experiments

Number Amounts of

of alum dosage,
experiment in milligrams per liter Sodium alginate

m (2) (3)
A-1 2.0 none
A-2 4.5 none
A-3 10 none
A-4 22 none
A-5 50 none
A-6 10 05 mg/L

. BEIE ORI TR TOERSEACR—L LT3,

2.3.3 Parker %0 Fik & FEHF D STIEO HHK

FTTICHIHLTWw3 ASCEfmicndid R (3) (Parker FOMET 2 70 v ZiED
HER) LEEEPRET 2 7y 7o (Tl HERFOH(23) »26kD b5
7ay Z75REE, AL TABLE 15 IR Ed s X H ko b 5, Parker HFo U 5T,
K OEEEMETI2LERD P, & 2T, BiRAREICIER>TW32, p=1.1 £/
1Z 2.0g/cm® ZFE L TROTWE, Thix, 7uny 70iEEr KEwIicAfEb 32 L ek
P ERFRELATNIE RO,

—HHEELDITEIL. TCICHIE [IV] 2B WOR Lz, ZBIBo o2 ic i Ry
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BEEBEEZ 70y 2B SN RFHES 2 5k 2B, & Tl —RRETTEDELISE
N Ch ORIt & L Cix 28 2 E U 72 BTG ) & 5 3 2 :(23) i X o TE®
LB E 7wy 7 DIEEL LTRKDLHDTH S, #ikik. TABLE 15 TR E N,

Formulas to Evaluate Forces Caused by Differences in Deformability.—To obtain

formulas to evaluate the forces in terms of stress as expressed in Eqs. 3 and
4, we may divide the forces evaluated by Eqgs. 18, 19, 20, 21, and 22 by d
For homogeneous and isotropic turbulence:

2 oo
R,<@®,).: 7, =2p —IS— (7)

................... (23)
Al @ape:ofr the- g the, satiod auf.of Bhe pipe was, Bosigned o s (24)
For nonisotropic wall turbulence:
YR E T
R e (—) ................... (25)
I\
TN e -~ s B e e e B pfat B (26)
For laminar flow:
AU gy
I A R e TR 27)
ay ax

It should be noted that although Eqs. 23 and 24 are analogous to those of
Kolmogoroff (9) and Batchelor (2) the controlling parameter is R, rather than

scale of eddy or particle size.

1) Parker % D75k & FHEHFDIT ik L D HIEAERS] (TABLE 15)

TABLE 15.—The Correction of Table 4

: i o Ty AN
Diameter of |  5(d), in v, in centimeters Ty iN dyne_s per dynyes per
WoE ih Centim’eters per second square centimeter square
centimeters | per second | p, = 2.0 | p, = 1.1 | p, = 2.0 | p, = 1.1 | centimeter
(1) () (3) (4) (5) - (6) (7)
0.0333 0.365 0.0246 | 0.00246 | 0.0889 0.0089 0.219
0.0204 0.447 0.0226 | 0.00226 | 0.133 0.0133 0.438
0.0149 0.490 0.0199 | 0.00199 | 0.160 0.0160 0.657
0.0115 0.504 0.0162 | 0.00162 | 0.169 0.0169 0.876
0.0075 0.493 0.0101 0.00101 | 0.162 0.0162 1.34

73, TABLE 15 1R ¥ LT 2 455 B 210 Argaman 03 %E L2 7 v vy 7L GIE
DIERZSEICL TROTVWEZLDTH S, FERQHICIZEFEEZFDORD 7-8l25, L <
(3). (OHHic T Parker D HiEIC X 2 EMEPRINT WA, FERE LTix, (5). 6 & (7)
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M~ 2 21325, (DINICTR L2 EEZORD - 5ED 15451 % 210K & 2 lhfE 2R
TODLAb, FRICEIN T2 7y ZHEEORE I 2FE L. (O)MHOEE B
ECTRBEVC LEHALLTH S, KiC, WTIOBER XV HENTH 50 2R T 5720
T, 7wy ZIBERMNZ D B UMERE 2 KD, 2 OEEDOA — X —ic kb, XY BERNICHE
TELI BB R 20T 2 2 LM T REFEE 22, T2, BEPHIE LT L
FYBOTMIEmOT7 0y ZIBRICHERKRE W L2HL 2 TH Y, FHED KX <
o TWB T eBnh b,

2) Parker DL L EFFOEICL 27wy ZBERM A S 5 EEEE O %
TABLE 16 127397

TABLE 16.—The Assumed Settling Velocities Corresponding to Shearing Strength
of Flocs

Settling Settling
velocity velocity
from Settling from Settling
Ty N velocity Typ iN velocity
Table 14, from 7,4, Table 14, from T,
in centi- in centi- in centi- in centi-
G value | meters per | meters per G value | meters per | meters per
Experiment | (1/S) minute minute Experiment | (1/S) minute minute
(1) (2) (3) (4) (5) (6) (7) (8)
A-1 91 0.0242 2.89 A-2 93 0.0615 8197
120 0.0466 3.94 124 0.0569 4.26
154 0.0462 4.28 155 0.0611 6.08
186 0.0366 4.21 187 0.1096 6.08
219 0.0482 4.88 221 0.0289 4.12
A-3 69 0.0365 3.02 A-4 98 0.0254 301
121 0.0965 5.04 124 0.0235 307
153 0.1463 6.25 157 0.0225 3.38
182 0.1261 6:31; 187 0.0206 3.48
217 0.1911 7.69 222 0.0187 3:57
A-5 91 0.0270 2.99 A-6 88 1.24 10.6
117 0.0246 3.16 120 g 121
151 0.0134 2.81 152 0.924 TS
182 0.0174 3.26 184 1.62 14.9
217 0.0082 2.69 219 1.05 13.6

-

ML LTIZTABLE16 ®(3) & (DM, (7)Mo HEKEEZITS > CLickhd, 2T

REND XS, WEO T ey JRFORBEHEEISE D 0k, (4), @IcR S h 5k
HWETHY, ZOEERTIR, EEFZORWRTE 70y ZBEORD FTOHBZ LT C
BRI ND,

234 7oy 7BEORKNITIE~DRSE

G AR T 23 AR 22 5 52T B BT IC)E T & 2 AR 05 1, FEAR IR i@ <
JGHC & > CRHli E 415, 7272 L, EIRRL T 23 & ST/ S WRLTHRIC X o TREK 2 L B RRIC
X, Z ORI O, NS R TR T 2 R o SRR IC B S B — D v = L
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REPBEAZRET 2 AN R LPEEINDS, ZOY 2 VGRS 722 b KT D NI
& & FBAR R CAMINCTER S N B B0 D X 5 e fifE & L <. BRI T OsEEZHET 2
WiELR2eHEZDHTLIChs, 2OV 2 UGEDMBRIT, IS RIS L&y, K(@-
19iIcHE T, SELTHHlichs Z &tk b,

S=7,d (2-19)

S:7uvy7ofRERHES (dyne/cm)

Ty 2 70y 7 OFWIGT (dyne/cm?)

d : 7u vy 7 DERE (cm)

ZZickowz7uy 7 ofBRINN ZEERMF I LT e v b LZ#ERIE FIG. 7 10R
INd, COMDOBERICE Y BABE ORI X 2 WEEERORMEL 70y 7iEED
ROWEESRMF L R 2RNEB X R 2 e HEEI NS, 2O & iF, LREHEICEL T» 5
FEER ST L BE D R S O 7' a R L CIHA N 2D 7 v v 7 DRSS R
22T THIOTHY, RBEEESEZTED 2FEHEICONTOMBBRD THEL D
TERERENG, BEOHGT O Y 7 DI ZHNIICIZRERI OBRA DR AR
WEETH DL ZLIFTFHEINE L ZATH S,

E
O
b
9)
o
D> : g
) O s PSseudomSurface Tensihon | —
e 0.0150 16.0 =2
= e ® “Residuail fPurbidi ty }\
= ; 14.0 E
2 i
= 0T 5~k b 12.0 >
B \ -
@ A 10.0 i
O ' Q
1 peoiae Lot 8.0 =
~ ) &
pon 1
0 | 6.0 —
| ]
rg 0. 0D75 I‘ 4.0 5
= ; & . S
B 2 3
[¥ | = &
0.0050 - ;
243510 20 30 40 50
Alum Dosage (mg/2)
FIG. 7.—Changes of Average Pseudosurface Tension and Residual Turbidity as
Function of Alum Dosage

k. ZEOOIC, AR TldZe  TRESRFICHIET 5 v, 0fF (KEWHD 4
i D M) % i 12, BEERI DD 7w H 5 DA T, 1.24, 1.25, 1.23, 1.26, 1.22(dyne/cm)
Lo TH Y, BIIST) CRHMIi L 72 7 v v Z BRI EERSAAFIC X 5 FIIFHE L WiBE 2R
ThDlhoTwd, BEAOMENR7 vy 7BEICEANICED XS IEEE5 25 )
DT L DG TII ARV, KERE T & L CofHEiTE R+ E%Rod 2 70y 2
WEOFHE L wWx b EFEZLND,
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3. i

ARl jifa [V KB ORfE e LToFro=x}—27 20EF R 0FEL 7
oy 7 WK FIER T 2 1ot (RisJ1%E - KB o 3ERE (1) (2020.12.20)) ] 1<5]
fe x| WAE# OFRICE T 2 AV F —BEAOEREHEZRE T L L L dIC, ZOZALF
—{ERD, WARTICIRET 2R TICERT 2 1 RFHIT 2 b D TH L Z L ZRL T 5,
Z LT, TAAF BRI E R -CHRERE I3 W CRATIICIE R X 1 2 L) LD
B LCGiHficn s dboch by, X2-17)DXHic GEL LTEDOLNDE Z LIl b,
DXL TCGEREDONS LE, 7u vy ZEEIIARp 14 1R 35K (23)~(27)
IRIND LI O DFNDEMAITHIC L TED N D, T 7% DGR 7
RN e LCFMiT 22 Lick ), 7oy 720 EMRE LT 2 BEOHEEL L THE
M EDIEEL 2 b DTH2E L bh b

Tk, AfE23EI3EFEED ASCE ~Dii X COFHEARMMEZHBNTIDDER>T W13,
HERIC O W T ARG E S L CHE 202, ZOXICIE 2 4 OWRE 2 b Dt X
BHTEY, Thb OFHEERCA~DEEZIT O R A FR L T b, T 0D 2 D05
SO X N T, MIGRCTIEH L WHRED ST b, A TABLE 16 1278 L 72 EkE#E
FEDORETHIIER ST B VTR LD D TH %, slikam L DOEH D — AL, Parker KTH
V. O BETI IR L ZERATE 2 LIEH L w3, KEAEMIIRIE oA I
BRI R DDTHE 2D THERT 2D TH 5,

TR SR, 5IHSCHR
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