
Equations and Simulation

Decisions

Pipe 1 Pipe 2 Pipe 3

Diameter (in) 0.5 0.75 1

Cross section

(m2)

1.2668e-004 2.8502e-004 5.0671e-004

Length (m) 1 1 1

Volume(m3) 1.2668e-004 2.8502e-004 5.0671e-004

Flow rate(m3/s) 2.5335e-004 2.5335e-004 2.5335e-004

Reynolds

Number

2.5349e+004 1.6900e+004 1.2675e+004

Friction Factor 0.0422 0.0386 0.0373

Pressure Drop

(N/m2)

7.2559e+003 876.5994 183.6293

Turbulent Energy

Dissipation

14.5118 0.7792 0.0918

Experimental Setup and

Coagulant Dosage TSS Results

The tests will be run on a mixture of water and wet excavated clay which
is usually used for arts modeling. The mixture will have a 0.25%
concentration by mass.
Concerning the coagulant which will be used, we decided on Aluminum
Sulfate. A jar test is run to figure out the optimal amount of coagulant to
be added.

Setup Material
Concerning the experimental setup, it will be compiled out of the
following components:
•3 step pipes of galvanized steel with 1 m of length each
•Set of 3 pipe diameters: 0.5,0.75, and 1 (inch)
•Maximum input velocity of 2 m/s
For the setup, we will use a pump to transcend the mixture into the pipes.
Taps will be added between the pipes of different diameters to test the
results after each stage. A flow meter will also be added on the input pipe
and a 3 way valve to get and control the desired input velocity to the
pipes. Moreover, pressure gauges will be placed on the input and the
output of the pipes system to measure the pressure drop across the
setup. The pressure drop will be used to find out the exact friction factor
of the pipes experimentally.

Observation:
•Some clay remained precipitated at the bottom of the original 12L
container.
•Observed the floc formation periodically increasing during the 20
minutes stirring at 30rpm.
•At the end of the 30 minutes settling time beakers 3, 4 & 5 seem to show
great floc formations and have become clear.

coalescence

Modeling and Simulation
The model used for our project is the Scheutz and Piesche turbulent
population balance model. The original relevant assumptions in this
model are:

•Volume concentration should be less than 0.1% in which the flow is
considered single- phase liquid flow

•Newtonian viscosity of pure water is considered

•Only binary collisions lead to coalescence

•Floc breakage is reversible

(Scheutz and Piesche, 2002)

Other assumptions

1. Neglect convection terms: in the equations by assuming that all
flocs move at equal speed to simplify our problem and
simulation. The effect is minimal at high velocities. The range of
speed we have is between 0.1 and 2 m/s which are considered
high.

2. Collision efficiency factor is always equal to one: implying the
success of collisions. The effect of this assumption is also
minimal because the initial concentration of the colloid is low,
and the assumption of a successful coagulant dosage is put in
testing prior to the experiments.
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Introduction
Coagulation and flocculation are important unit processes in water
and wastewater treatment, mining, and the recovery of oil sand
bitumen, amongst others. The purpose of coagulation/flocculation
is to remove suspended matter by producing flocs of adequate size
that will settle under gravity (Sedimentation). Most
coagulation/flocculation operations are conducted in mechanically
agitated tanks (MAT), where the liquid circulates between regions of
high and low energy dissipation rates in an uncontrolled fashion.
Consequently, such considerable variation in shear rates lead to the
development of a broad residence time distribution and the
formation of floc with broad size distributions. However, there is
growing evidence that the use of in-line flocculation offers
significant technical and economic advantages over MAT. The
objective of this project is to determine the feasibility of using
controlled hydrodynamic conditions in order to generate large
compact flocs that are easy to separate in a subsequent
sedimentation/centrifugation stage. For this purpose, a population
balance model is being solved to simulate the size of the flocs and
to indicate possible design geometries. Furthermore, an
experimental setup is being built to test and assess the potential of
this new approach.

Conclusion
The in-line flocculation process is easily proved to be cost and time 
efficient. However, results concerning the quality of the flocs will be 
available at the end of the project.

In-line processing for the production of large compact flocs
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Fig. 1. MAT Fig. 2. In-line flocculation model

breakage

Equation’s Name Equation

Reynold’s Equation

Swamee and Jain Equation

Pressure headloss Equation

Energy dissipation

Fig. 3. TSS results vs. coagulant dosage

The test results as shown in the figure above show a good range of
percent TSS removal for all volumes of coagulant added above 5 ml, to
reach a maximum of 96.4% at 20 ml.
Our tests have shown that 5 ml of coagulant solution, 10g Al2 (SO4)3 per
liter of water, provides clear results and 93.7% TSS Removal at relatively
low coagulant mass added. The difference between 93.7% and 96.4% TSS
removal is relatively small with respect to the volume of coagulant added,
and does not affect the goal of our research, thus the optimal research
will be done based on the beaker 2.
Therefore we shall be testing our inline flocculation apparatus at a
coagulant input of 0.025g Al2(SO4)3 per liter of water - clay mixture.


