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Abstract

In this work the geometry of the sludge blanket clarifier was established based on Bansin Water

Treatment Plant, Taiwan. The meshes of the clarifier were constructed, and the boundary conditions

were set, then the velocity field of the clarifier was calculated. Two models were computed individually:

1. the fluid in the whole clarifier is pure water � a test for obtaining the flow pattern; 2. the flow field

contains a homogeneous blanket of permeability k and pure water � a test modeling the sludge blanket

as a homogeneous porous medium.

The results showed that when the inlet velocity decreased from �x = 0.3 m/s to 0.1 m/s, the

effect of channel flow or break-through of blanket decreased. Decreasing of the rotation velocity of the

impeller could decrease the effect of the reversed flow in the secondary reactor. In the case of a uniform

blanket on the bottom of the clarifier, the high permeability of the blanket indicates the similar velocity

field with those of pure water. While the clarifier with a low permeability blanket, the rebound of the

blanket becomes seriously.
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1. Introduction

Flocculation clarifier has been widely used for clean

water production since its first introduction in 1930’s.

Owing to the more efficient flocculation and better chance

to solid contacts, the flocculation clarifiers could have a

surface loading two to three times higher than the con-

ventional coagulation-sedimentation basins [1�4]. The

Taiwan Water Supply Corporation (TWSC) installed

flocculation clarifiers for drinking water production sin-

ce early 1990’s. Flocculation clarifiers supply over 50%

drinking water to the Taiwan’s public. The floc blanket

functions as a particle coagulator as well as a filter. The

existence of a floc blanket in clarifiers is thereby essen-

tial to produce quality drinking water. The settling veloc-

ity of the coagulated flocs and the upflow velocity con-

trol the stability of the blanket [5,6]. Stringent opera-

tional control is required for preventing sludge washout

from the clarifiers [7].

The Bansin Water Treatment Plant in Banchiao City,

Taipei County, Taiwan, takes raw water from Yuanshan-

yan (Yuanshan weir) and Shihmen Reservoir at a rate of

about 1,200,000 m3/day with polyaluminum chloride

(PACl) as the coagulant. The turbidity of raw water ex-

hibits a “two-state” characteristic. Under normal weather

condition the raw water turbidity is commonly less than

10 NTU, referred to as the “low-turbidity period”. In

summer, tropical storms frequently hit Taiwan, which

produce heavy showers and serious flooding. The turbid-

ity of raw water could increase to 10000 to 30000 NTU

in one day, and remain higher than 100 NTU over the

next 2�3 weeks. This is referred to the “high-turbidity

period”. The typhoons inflicting heavy losses on Taiwan

during 2000�2005 are listed in Table 1. Pre-sediment-

ation followed by conventional coagulation and floccu-

lation with filter aid is proposed for treating high turbid-

ity water [8�12].

The Works conventionally adopted 16 high-speed

solid contact clarifiers (referred to as the “single-stage

process”) to treat its raw water. The floc blanket is noted
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rather unstable [13]. As Figure 1 shows, about every 20

mins sludge blanket overturns somewhere and solid flux

of the effluent increases, making a large loading on the

following sand filtration. Moreover, when treating

high-turbidity raw water the coagulated solids would

rapidly accumulate in the clarifiers and the flocs exhibit

very poor settleability. Hence, the Works normally has to

reduce its water throughput, for instance, by 30% at the

raw water turbidity of 200 NTU, and by 50% at 1,500

NTU. The turbidity of the clarified water is generally too

high to produce quality clean water after sand filtering.

2. Simulation Method

2.1 Geometry and Meshes

Figure 2 indicates the geometry of the high speed

solid contact clarifier. The clarifier is of size 19 � 19 �

5.5 m3, with a 16 blades impeller of 3 m diameter in the

center and in top of the clarifier. The inlet pipe is of 0.9 m

diameter and usually with an inlet water velocity of 0.34

m/s. The inlet pipe is connected to a 2.4 m diameter draft

tube, which is the first reaction zone. The second reac-

tion well is 3.7 m high and has upper and lower diameters

as 8 and 13 m, respectively. Figure 3 is the corresponding

calculation meshes.

2.2 Governing Equations and Boundary Conditions

The governing equation for the fluid velocity
�

up

within the porous sludge blanket taking into account the

viscous effect is stated as follows:

(1)

Where Eu = Po/�V2 (Euler number), Re = df �V/2 (Rey-

nolds number), � = df/2k0.5, P* = p/Po and
� �

u u Vp p

* /� .

The two terms in the right-hand-side of eq. (1) is the

Darcy’s law. The left-hand-side is attributed to the mo-

mentum sink, a modification version of Darcy’s law.

For the surrounding Newtonian fluid field in the cla-

rifier, the governing equations are the steady-state Na-
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Table 1. The typhoons inflict heavy losses on Taiwan

during 2000�2005

2000.08.22 BILIS

2000.11.01 XANGSANE

2001.07.30 TORAJI

2001.09.10 NARI

2004.07.01 MINDULLE

2004.08.25 AERE

2004.09.12 HAIMA

2004.10.25 NOCK-TEN

2005.08.04 MATSA

2005.09.01 TALIM

Figure 2. Geometry of the clarifier.

Figure 1. Overturns of the blanket.



vier-Stokes equations, which can be stated as follows:

(2)

where
�

uf is the fluid velocity. The first and the second

terms of the left-hand-side of eq. (2) correspond to the

inertial and pressure effect, respectively; while the

right-hand-side, the viscous effect.

The boundary conditions are as follows:

(3a)

(3b)

(3c)

P = 0, @ water surface (3d)

Equation (3a) states that the inlet fluid is moving at a

constant speed. Equations (3b) and (3c) are the continu-

ation conditions of fluid velocity and shear stress across

the sludge blanket. Eq. (3d) describes the gauge pres-

sure at the water surface (top of the clarifier) is zero.

The computational fluid dynamics program FLUENT

6.1 (Fluent Inc., USA) solved the governing equations,

eqs. (1) and (2), together with the associated boundary

conditions eqs. (3a)�(3d), using hybrid mesh volumes.

The numbers of mesh volumes in the fluid side and within

the sludge blanket are about 2,000,000 and 500,000, re-

spectively. The calculations were carried out with maxi-

mum relative error of 10-4 in fluid velocity evaluation.

The maximum relative errors for velocity at elevation z =

2.2 m are less than 5% when compared with Water

Works.

3. Results and Disscussion

Figure 4 plots the velocity vector of clean water in

the clarifier. When inlet water is flowing into the draft

tube, it is sucked to the top of the clarifier, owing to the

rotating impeller. Then it goes down along the inside of

the well and separates into two streams. One of the st-

ream inside the well makes a strong cycling flow in the

reaction well, and the other stream goes up along the wall

of the clarifier, to the effluent surface, and goes down

along the outside of the reaction well, making another

weaker cycling flow. It is suggested if there is a dilute,

weak blanket in the bottom of the clarifier, the flocs may

be elutriated by the cycling flow outside the reaction

well, leading to an average 20 mins overturn as shown in

Figure 1. A naturally thinking is to treat the flocs into a
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Figure 3. Meshes of the clarifier.



strong and dense blanket.

Figure 5 depicts the velocity contour of the central

cross surface (x = 0, y = 0) of the clarifier, with sludge

blanket permeability of 4 � 10-2 m2. Figures 6, 7, and 8

are the velocity counters with permeability of 4 � 10-4, 4

� 10-6, 4 � 10-8 m2, respectively. The colors shown in

these figures indicate the velocities are all larger than 4.2

� 10-4 m/s, which is a break-through velocity offered by
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Figure 5. Velocity counter (k = 4 � 10-2 m2).

Figure 6. Velocity counter (k = 4 � 10-4 m2).

Figure 4. Velocity vector of water flows (inlet velocity = 0.1 m/s, impeller rotation speed � = 0.9 rad/s)



Water Works. The velocities are large in the reaction

well, owing to the cycling flow as mentioned in the abo-

ve paragraph.

Due to very low permeability in Figure 8, there is no

flow (less than 4.2 � 10-4 m/s) at the bottom of the well. It

is shown as Figure 5 that the velocity is larger than that at

the clarifier wall, indicating an up flow and finally a

complete cycle. Owing to vary large permeability of the

blanket at the bottom, the result is similar to Figure 4,

only clean water in the clarifier. Figure 6 and 7 indicate

the zones of backflow inside the reaction well is getting

smaller. This is because the permeability decreases, the

resistance increases and water flows less easily through

the blanket.

Somewhat different results from the above naturally

thinking are shown in Figure 7. Due to the increasing of

the resistance in sludge blanket, the fluid could not pass

through easily. While some fluid passes through the slu-

dge blanket, some fluid rebounds from the bottom of re-

action well, making a zone of large velocity outside the

reaction well and above the sludge blanket. On the con-

trary, dense blanket increases the turbidity of the effluent

flow. This may be the reason of the unstability of the

blanket in the Water Works.

4. Conclusion

The Bansin Water Works of Taiwan Water Supply

Corporation (TWSC) adopt sixteen solid contact type floc

blanket clarifiers to produce drinking water using poly-

aluminum chloride as a coagulant. The blankets in the

clarifiers experienced frequent overturn, which seriously

threatened the quality of drinking water. According to the

simulation results, the Works has to cut down its water

supply for dealing with high-turbidity storm water.

Nomenclature

�: dimensionless permeability, (-)

	: viscosity of fluid, (kg/m-s)

�: density of fluid, (kg/m3)

df : diameter of inlet pipe, (m)
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Figure 8. Velocity counter (k = 4 � 10-8 m2).

Figure 7. Velocity counter (k = 4 � 10-6 m2).



Eu: Euler number, (-)

k: permeability, (m2)

NTU: Nephelometric turbidity unit, (-)

Re: Reynolds number, (-)
�

uf : fluid velocity in clarifier, (m/s)
�

uf

*
: dimensionless fluid velocity in clarifier, (-)

�

up : fluid velocity in porous medium, (m/s)
�

up

*
: dimensionless fluid velocity in porous medium, (-)

V: inflow velocity, (m/s)
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