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Abstract The paper reviewed the progress of flocculation dynamics applications in the field of water treatment. On
the analysis of flocculation mechanism, perikinetic flocculation, orthokinetic flocculation and differential sedimentation
were respectively described in terms of theory development and modeling progress. Many of unresolved critical issues were
discussed when the models were applied in practice.

Key words flocculation dynamics laminar flow turbulent flow water treatment

1 nm, i ,

-

19 . [M].
1995, 162 163 : 2006-07-18

(1970-), ,1992 ,
: E-mail: shg198805312005@sina.com



Vol. 26 No. 3 2007

Han Spielman
Tchobanoglous : ,
1ym ,
10 ym , , ;
1 1000 um (4] , Valioulis
2 Han
; , Han
, 2002 b 10
, 2.2
, Smoluchowski ,
Greene
, M Krutzer
0 1 ,
[12)
1917 , Smoluchowski 6 , :

@-

dN,_1 ¥
= 7,2:8(' HNN-N ZB(Ik)N (D 991

|—l

i,j,kc , t ,
,a , B(i.)) i Smoluchowski
Ni, N; ,
i : !
-
21 (i) =1 & G @0 (3)
Smoluchowski Swift  Oles ( 3)
2. 1314 , Smoluchowski
Curtis and Hocking
0Z2KT (11
B(i.j)= 30 (Oli +dj)(d.+d,) (2)
, K Boltzmann , T )
M ,di, d i ,
B3 Batchelor  Green
(2) ,

’ ’ ( 2) [16] ,

Fuchs, Ho  Higuchi
1977 ,Van  Mason

i



Vol. 26 No. 3 2007

, 01 Adler
Higashitani Van  Mason
19 | awer
5 1
0]
2.2.2
1941 , Kolmogoroff e
1943 ,Camp  Stein
Camp ,
Camp =
Saffman  Turner Kolmogoroff
[23l-
.. T 3 [
B =\ 15 @)\ (4

Saffman
, Manley  Mason, Delichatsions, Brakalov

, P42 1962 , Levich

[27]

Delichatsions  Probstein

[28]

[29]

1939 , Findhensen

60

Davis, Melik  Fogler

Han Lawer
Bl
Wacholder  Sather
Stolzenbach Wacholder

l

(1)

(2)

(3)

(4)

[82:33]

Smoluchowski

),

Kolmogoroff

100

[30,31]

Mazzolani
Sather



Vol. 26 No. 3 2007

10

11

12

13

14

15

16

. [3]. ,
2000,20(3):2 9
Thomas D N, Judd SJ, Fawcett N. Flocculation modeling: a
review{J]. Water Research, 1999, 33:1579 1592

Han MY, Lawler D F.
Settling rates and collision efficiency [J].
Engineering, 1991,117(10):1269 1289
Burton F L, Stensel H D. Wastewater
Engineering: Treatment, and Reuse [M]. New York: 4th ed.
Metcalf and Eddy Inc., McGraw Hill Inc., 2003

Ho N F, Higuchi W 1. Pregerential aggregation and coalescence

Interactions of two settling spheres:
Journal of Hydraulic

Tchobanoglous G,

in heterodispersed systems [J].  Journal of Pharmaceutical
Sciences, 1968, 57(3):436 442

Spielman L A.Viscous interactions in Brownian coagulation [J].
Journal of Colloid and Interface Science, 1970, 33 (4):562 571.
Valioulis I A, List E J.
spherical particles: hydrodynamic, van der waals and electrostatic
forces[J].Advances in Colloid and Interface Science,1984, 20(1):
120

Han M Y. Mathematical Modeling of Heterogeneous Flocculant

Collision efficiencies of diffusing

Sedimentation [D]. Austin: University of Texas, 1989

Han MY, Lee H K, Lawler D F. Collision efficiency factor in
brownian coagulation including hydrodynamics and interparticle
forces[J]. Water Science and Technology, 1997, 36(4): 69 75

Han MY, Lee H K. Caollision efficiency factor in Brownian
coagulation: Calculation and experimental verification[J]. Colloids
and Surfaces, 2002, 202(1):23 31

Greene M R, Hammer P A, Olbricht W L. The Effect of
Hydrodynamic Flow Field on Colloidal Stability [J].
Colloid and Interface Science, 1994, 167(2): 232 246
Krutzer L L M, Folkersma R, Van Diemen AJ G, Stein H N.
Influence of density differences between disperse and continuous

Journal of

phases on coagulation [J]. Advances in Colloid and Interface
Science, 1993, 46(6):59 71

Swift D L, Friedlander S K. The coagulation of hydrosols by
Brownian motion and laminar shear flow[J]. J. Colloid Interface
Sci., 1964,19: 621 647

Oles V. Shear-induced aggregation and breakup of polystyrene
latex particles[J]. Journal of Colloid and Interface Science, 1992,
154(2):351 358

Curtis A'S G, Hocking L M.  Caollision efficiency of equal
spherical particles in a shear flow[J]. Trans. Faraday soc., 1970,
66(570):1381 1390

Batchelor G K, Green J T. Hydrodynamic interaction of two small

freely-moving spheres in a linear flow field [J]. J. Fluid Mech.,

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

1972, 56(2):375 400
Van de Ven TGM, Mason SG. The microrheology of colloidal
dispersions VII:  Orthokinetic doublet formation of spheres [J].
Colloid and Polymer Science, 1977, 255(5): 468 479
Adler P M. Heterocoagulation in shear flow[J]. Journal of Colloid
and Interface Science, 1981, 83(1):106 115
Higashitani K, Ogawa R, Hosokawa G, Matsuno Y. Kinetic
Theory of Shear Coagulation for Particle in a Viscous Fluid [J].
Journal of Chemical Engineering of Japan, 1982, 15(4):299 304
Lawler D F. Physical aspects of flocculation: from microscale to
macroscale [J]. Water Science and Technology, 1993, 27 (10),
165 180.
Batchelor G K. The Theory of Homogeneous Turbulence[M], New
York: Press Syndicate of the University of Cambridge. 1953:2

' ) . [3].

, 2003, 17(5):5 10

Saffman P G, Turner J S. On the collision of drops in turbulent
clouds[J]. J Fluid Mech, 1956, 1:16 30
Manley R J, Mason S G. Particle mations in sheared suspensions
I1l:  Future observations on collisions of spheres [J]. Canadian
Journal of Chemistry, 1955, 33(5):763 773.
Delichatsios M A. Particle coagulation in steady turbulence flows:
application to smoke aging[J]. J.Colloid Interface Sci, 1980, 78:
163 174
Brakalov L B, A connection between the orthokinetic coagulation
capture efficiency of aggregates and their maximum size[J]. Chem
Eng Sci, 1987, 42:2378 2383
Levich VV G. Physicochemical Hydrodynamics. Prentice Hall [J],
Englewood Cliffs, N.J. 1962:116 120
Delichatsios M A, Probstein R F. Coagulation in turbulent flow-
theory and experiment [J]. J.Colloid Interface Sci, 1975, 51:
394 345
Spielman L A, Hydrodynamic aspects of flocculation[M]. NATO
ASI Series E: 1985, 88:207 232
Davis R H. The rate of coagulation of a dilute polydisperse sys-
tem of sedimenting spheres[J]. Journal of Fluid Mechanics, 1984,
145:179 199
Melik D H, Fogler H S. Gravity-induced flocculation. Journal of
Colloid and Interface Science[J]. 1984, 101(1):72 83
Wacholder E, Sather N F. Hydrodynamic interaction of two un-
equal spheres moving under gravity through quiescent viscous
fluid[J].Journal of Fluid Mechanics, 1974, 5 (3):417 437
Mazzolani G, Stolzenbach K D, Elimelech M. Gravity-induced
coagulation of spherical particles of different size and density [J].
Journal of Colloid and Interface Science, 1998, 197(2):334 347

: 2006-12-21

(1982-),

.E-mail:tengjianbiao@163.com



