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Bimodal Flocculation of Cohesive Sediments in Turbulent Flow
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Abstract

The bimodal flocculation of cohesive sediments in water environments describes the aggregation and
breakage process developing a bimodal floc size distribution with dense flocculi and floppy flocs. A two
class population balance equation (TCPBE) was tested for simulating the bimodal flocculation by a model-
data fitting analysis with two sets of experimental data (low and high turbulent flows) from 1-D flocculation—
settling column tests. In contrast to the Single-Class PBE (SCPBE), the TCPBE could simulate interactions
between flocculi and flocs and the flocculation mechanism by differential settling in a low turbulent flow.
Also, the TCPBE could perform the same quality of simulation as the elaborate Multi-Class PBE (MCPBE),
with a small number of floc size classes and differential equations. Thus, the TCPBE was proven to be
the simplest model that is capable of simulating the bimodal flocculation of cohesive sediments in water
environments and water, wastewater treatment systems.
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Fig. 1. Flocculation Strategies of the MCPBE, SCPBE and TCPBE, Representing the Time-dependent
Change of the Floc Size Distributions (FSDs). NP=the number of flocculi, NF=the number of flocs,
and NC=the number of flocculi bound in a floc, used as the floc size index
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Table 1. Aggregation-Breakage Kinetic Kernels of the SCPBE, MCBE and TCPBE

PBE Aggregation Kernel Breakage Kernel
SCPBE ﬁ=é(2DF )G
ﬂu = ﬂER.u +ﬂsu.u + ﬁos.u
MCPBE b_p Y G Y
u4T(1 1 .- D, u
_ =EG
Pus =3, [D D](DJrD) Gt ( D, ] [F/Dzj
B, :7(D,+D )G
TCPBE e !
By =270, |
D; = Diameter of 7/—th size class D, q = Empirical parameters
Dp,Dr = Diameter of a flocculi / floc T = Absolute Temperature (K)
N¢ = No. of floculi in a floc (Dp=N™Dp) | 1 = Absolute viscosity of the fluid
nr = Fractal Dimension G = (&% = Shear rate (/s)
a = Collision efficiency factor & = Kinametic energy dissipation rate
Bij = Collision frequency function between v = Kinametic viscosity
size classes 7 and J w; = Settling velocity of /~th size class
Nomenclature | 5. - Collision frequency function by a= Breakage kinetic function
Brownian motion E)» = Efficiency for the breakage process
Bsyr = Collision frequency function by fluid | £,= Yield strength of flocs (10 Pa)
shear f = Fraction of fragmented flocculi
LBps = Collision frequency function by
discrete settling
k = Boltzmann’s constant
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Table 2. Model Constants for the Low and High Turbulent Conditions

Classification Symbol Value Description
Kinetic and Physicochemical Constants
a Varying Collision efficiency factor [-]
Ey 2.0e-4 Efficiency factor for breakage [s"/ml]
Agg/Brk F, 1.0e-10 Yield strength of flocs [Pa]
Kinetics Dc 450 Critical diameter for floc growth [pm]
(MCPBEITCPBE) f 0.02 1 0.05 Fraction of fremented microflocs [-]
D 1.0 Empirical parameter of breakage kinetics
q 3.0 - nr Empirical parameter of breakage kinetics
o 0.025 | 0.100 Frequency of the oscillating grid [/s]
Tufbltlllignce e 8.37e~7 | 5.36e-5 Kinametic energy dissipation rate [m%/s’]
(Low | High) “ D 2.67e-5 | 1.07e-4 Vertical dispersion coefficient [s*°/m]
G 091 | 731 Shear rate [/s]
c 101 1.1 Mass conc. of the tested sediment [g/L]
b Npr 2.05e+11 | 2.25e+11 No. conc. of the tested sediment [/m’]
%igggfg}t Ds 1800 Density of the tested sediment [kg/m”’]
(Low | High) Dp 18 Diameter of the tested sediment [pml]
1y 2.0 Fractal dimension of flocs [-]
a 4.0 Exponent of Richardson-Zaki eqn [Pal
a €=127-ayc’  D.=019-a)c G=velv b Nup=c/(0.167-7-D;)/ py
Where, ap = 0.075 = amplitude oscillating gnd[m] assuming that a flocculi is spherical.
v =1.10e-6 = kinematic viscosity [m%s],
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