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ABSTRACT

This paper presents mathematical modeling and numerical simulation of hydrodynamics
of a mixer used for wastewater treatment. The simulation is based on solving conservation
equations for mixer. Swirl flow is considered for flow behavior in the mixer. The geometry of mixer
was divided in to subdomains including fixed and mobile parts. Impeller was considered as mixing
device. The model equations are solved by using computational fluid dynamics (CFD) techniques.
Velocity distributions were obtained through solving the governing equations. The simulations
results showed that there are some dead zones which reduce the efficiency of the mixing process.
The modeling findings also revealed that velocity of impeller is a key parameter for increasing

mixing efficiency.
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INTRODUCTION

Nowadays, wastewater treatment is of vital
importance in all industries. It can be defined as the
process of removing contaminants from industrial
and municipal wastewater. Wastewater treatment
can be carried out using physical, chemical, and
biological processes to remove physical, chemical
and biological contaminants from water. Its
objective is to produce an environmentally-safe
fluid waste stream (or treated effluent) and a solid
waste (or treated sludge) suitable for disposal or
reuse. Using advanced technology it is now
possible to re-use sewage effluent for drinking
water.

Biological wastewater treatment is the
most important and applicable process for
wastewater treatment. It includes some processes
and operations. Mixer is the most important
equipment used in biological wastewater treatment.
Mixers play crucial role in optimizing and
improvement of whole treatment process. Modeling
and simulation of mixers is the best method for
designing and optimization of these devices.
Modeling can be carried out by solving conservation
equations including mass, momentum and energy
equations. The main purpose of this work is to
develop and solve a comprehensive mathematical
model for simulation of fluid flow in a mixer. The
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governing equations are solved numerically using
CFD based on finite element method (FEM). Velocity
and pressure distributions are obtained and
evaluated to find the optimum conditions .

Model equations

A 3D comprehensive mathematical model
is developed for simulation of flow in a mixer of
wastewater treatment unit. The model is built
considering following assumptions:
1. Isothermal condition is assumed
2. Incompressible fluid inside the mixer
3. Newtonian fluid
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p pressure (Pa)

7 tensor of viscosity stress (Pa)
F body force (N/m?)

C, heat capacity (J/(kg.K))

T temperature (K)

g vector of heat flux (W/m2)

Q heat source (W/m?3)

These equations are applied for
incompressible fluids and are general equations
for modeling flow behavior. There are various types
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4. Physical properties such as viscosity and
density are assumed to be constant
5. Swirl flow is considered for flow behavior

inside the mixer

The general equations describing flow
behavior in the mixer are the Navier-Stokes
equations and can be expressed as follows

where:

p viscosity of fluid (kg/m?)
u velocity vector (m/s)
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of these equations depending on the fluid and flow
pattern. The main flow pattern in mixers is the Swirl
Flow. The governing equations for swirl flow are
derived from the Navier-Stokes equations. These
equations for cylindrical coordinate may be
expressed as follows:

The tensors of stress applied in these equations
may be written as follows:
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Numerical simulation
Geometry of the mixer
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The first step for numerical solution of the  impeller which makes the swirl flow. These two parts
governing equations is drawing the geometry of  are shown in Fig. 1. As it can be seen, there are
mixer. The mixer studied in this work is constituted  also four baffles in the fixed parts of the mixer. These
of two parts, i.e. fixed and mobile parts. The fixed baffles increase the efficiency of mixing process by

part is the wall of mixer and the mobile part is the  removing dead zone parts.

Fig. 1: Geometry of mixer
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Meshing is also required to divide the
model domain into small parts for numerical
solution. Numerical solution of the governing

3

equations is applied in each mesh. The meshed
geometry is shown is Fig. 2. The meshes are created
using Comsol Multiphysics 4.2 software.

Fig. 2: Meshing of the model domain

Numerical solution

The main objective of the present study is
to model a mixer using CFD of momentum transfer.
The equations of mixer with appropriate boundary
conditions were solved using COMSOL Multiphysics
version 4.2 software (Sweden), which uses finite
element method (FEM) for numerical solution of the
equations. The finite element analysis is combined
with adaptive meshing and error control using
numerical solver of UMFPACK. This solver is well
suited for solving stiff and non-stiff non-linear
boundary value problems. The applicability,
robustness and accuracy of this method have been
proved through distinct researches ¢°. It should be
pointed out that the COMSOL mesh generator
creates triangular meshes that are isotropic in size.
A large number of elements are then created with
scaling. A scaling factor was employed for the mixer.
COMSOL automatically scales back the geometry
after meshing. Adaptive mesh refinement in
COMSOL, which generates the best and minimal

meshes, was used to mesh the mixer geometry. The
algorithm which was developed for the numerical
simulation is shown in Fig. 3. An IBM-PC-Pentium 4
(CPU speed is 2800 MHz) was used to solve the
sets of equations.

RESULTS AND DISCUSSION
Velocity distribution

The main parameter for simulation of mixer
is the velocity of fluid inside the mixer. The objective
of the current simulation was to determine the
velocity vector of during mixing process in the mixer.
The mixer is applied for wastewater treatment units.
The 3D velocity distribution of fluid inside the mixer
is shown in Fig. 4. The velocity in the mixer is shown
at three different slices. Figs. 5 & 6 also indicate the
velocity profile as curves. As it can be seen from the
figures, the maximum of velocity is observed at the
regions near the impeller. On the other hand, the
velocity near the mixer’s wall is zero which implies
that no-slip condition is imposed at this boundary.



PISHNAMAZI et al., Orient. J. Chem., Vol. 28(1), 51-58 (2012)
- —
(\ Start )
.'f
/" Inpur constants /
b

Add subdemain equations

v
‘ Define geomeny

v
Imitalize mesh

r

Adapuve meshrefinement

.

Ler subdomain condinons

v

Set boundary condiucns

Meshing geometry 4

Solving equatons

S NO Adjusting
s e i
( Comag: f:‘}«—-ﬁ- solver

T e e

T -

-

Yes

End

Fig. 3: Algorithm developed for numerical simulation
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Fig. 5: Liner velocity profile in the mixer
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Fig. 6: Profile of velocity in the mixer at different times
CONCLUSIONS

A 3D mathematical model was developed
in this work to simulate the flow in a mixer of
wastewater treatment unit. The model solves
equations of swirl flow. Finite element method (FEM)
was applied for numerical solution of the swirl flow
equations. Comsol Multiphysics software was used

for numerical simulation. Velocity distributions were
obtained and indicated that there are some dead
zones near the wall of mixer which can be removed
by adjusting the impeller velocity. The impeller can
also change the flow pattern. The results of this work
confirmed that the developed model is capable of
simulation of flow in mixers for different geometries.
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