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Evaluation of a Dissolved Air Flotation System for Different

Operating Conditions
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Abstract

The Dissolved Air Flotation (DAF) system is a water
treatment process that uses physical and chemical pro-
cesses to remove suspended solids from water streams.
The aim of this article is to put forward a new design for
the DAF equipment system that includes an extra air dif-
fuser in the separation zone, and to find optimal operating
conditions to make water more acceptable for an end-use.
Computational fluid dynamics (CFD) were used to assess
three operating conditions with the new equipment design,
which led us to conclude that case III offers better separa-
tion results due to the presence of stratified flow.

INTRODUCTION

The oil extraction process leads to a number of harmful eco-
logical and environmental effects. The water produced by oil
drilling is commonly known as produced water and contains
high concentrations of oil, grease, organic compounds, heavy
metals and additives that are toxic to humans and animals. It
is naturally produced in underground formations because flu-
ids are typically able to permeate rocks and oil-bearing for-
mations are typically saturated with water prior to the trap-
ping of oil. For each barrel of oil, seven barrels of produced

Palabras clave

CFD, DAF, difusores de aire, zona de contacto, zona de
separacion

Resumen

El sistema de flotacion por aire disuelto (DAF) es un
proceso de tratamiento de agua utilizado en la indus-
tria. En este trabajo se estudia una alternativa del equipo
de DAF convencional, la cual consiste en afiadir un difu-
sor de aire en la zona de separacion para mejorar el trata-
miento. Se utilizd la aplicacion de la mecanica de fluidos
computacional (CFD) para evaluar la estructura de flujo
del tanque DAF propuesto. Este fue evaluado en tres di-
ferentes condiciones de operacion. Como resultado, las
condiciones de operacion del caso de estudio III permiten
un flujo estratificado mejorando el proceso de separacion.

water are produced, and 98% of the total volume of waste
in the US oil industry is produced water (Argonne National
Laboratory, 2004).

Due to the chemical compounds present in produced water,
untreated disposal of this product in the environment may
lead to chronic toxicity and negative impacts on aqueous and
ground ecosystems (Argonne National Laboratory, 2004).
Legislation and proposed rules have been established to
control the disposal of this side product on the environment.
These requirements force petroleum companies to implement
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Figure 1. DAF description.

waste-water treatment plants in their facilities that protect the
environment from chemical pollution. The volume of water
to be treated is enormous, which is why an efficient water
treatment plant is essential.

The DAF system is a water treatment plant whose technol-
ogy has been changing from empirical praxis. This article
intends to understand the system’s physics and suggest new
changes that will lead to better efficiencies and lower operat-
ing costs. Figure 1 shows the physical structure of a DAF
system.

The water to be treated enters the unit into a chamber,
where flocculants and coagulants are added to destabilize
colloidal particles within the water. Turbulent flow is needed
to produce a homogenous mixture between the water stream
and the chemicals added. Particles with a small diameter and
poor sedimentation capacity are suspended in water from this
first stage of the process. Afterwards, the water stream con-
tinues to a second chamber where a soft mixture is created
to stimulate floc formation. The water continues through the
bottom of the second chamber to the next stage where the
first air diffuser is located, a large perforated tube with 1 cm
diameter holes. The air diffuser adds a column of air bubbles
to the system, which helps flocs to enter into contact within
each other, increasing their size and removing more colloi-
dal particles (Behin and Bahrami, 2012). After this, the flow
goes through a perforated plate where an ascendant flow pat-
tern begins. Both of these chambers and the air diffuser are

located in the contact zone of the DAF system (Bondelind,
2011).

The next stage of the DAF unit to be explained is called
the separation zone. Usually this zone only provides time and
space to separate particles and water. However, this article
launches a new design that includes a second air diffuser in
the separation zone to maximize the creation of air bubbles
and improve the separation process. During this stage, two
kinds of sludge are separated: the heavy sludge is deposited
in the lower area and later evacuated through some holes,
while in the upper area the light sludge is evacuated with
a sludge sweeper. The light sludge rises to the surface as a
consequence of a difference of density between the air and
the water, so the bubbles try to rise up carrying with them the
flocs and waste particles.

Finally, the water goes down a wall to enter to a cham-
ber where 10 to 20% of the water flow is recirculated to the
process and the rest is used according to the unit owner’s re-
quirements (Edzwald, 2010). Recycled water passes through
a saturator where air is dissolved in water at pressures of be-
tween 4-6 bars, and it enters in the process though the air
diffusers.

METHODS

This article analyzes the efficiency of the new DAF
equipment design with three different operating conditions.
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Parameters for the system and operating conditions values
were chosen according to the restrictions of a working oil
company. The implementation of the CFD modeling was
needed to determine each case’s efficiency, based on the flow
structure that defines the water treatment process results.

DAF EQUIPMENT

This article works with a small DAF unit with the follow-
ing dimensions in length, height and width: 4.20m X 1.58m
X 0.91m. Each of the air diffusers located in the contact
and separation zones has 20 holes, each with a diameter of
1.30cm.

OPERATING CONDITIONS

The three operating conditions will be referred to as Study
Case I, IT and III. Study Case I works with standard operat-
ing conditions: water influent velocity of 0.94m/s, air volume
fraction of 0.07 in the diffusers inlet, and water and air veloc-
ity in the diffusers inlet of 0.088m/s and 0.007m/s, respec-
tively. Study Case II differs from Study Case I in terms of
the diffuser inlet parameters as air volume fraction decreases
to 0.061m/s and water velocity increases to 0.098m/s. The
last case works with water influent velocity of 0.79m/s, air
volume fraction of 0.02 in the diffusers inlet, and water and
air velocity in the diffusers inlet of 0.088m/s and 0.007m/s,
respectively. The pressure of the system is 40 psig, the tem-
perature is 30°C, and 20% of the water is recycled into the
system.

CFD SIMULATION

The system to be simulated contains liquid water, solid par-
ticles and air bubbles, but the Multiphase Segregated Flow
model (Eulerian Multiphase model) was used to model the
liquid and air phases because of its suitability for these kinds
of systems and to avoid convergence problems and reduce
simulation time (Lo & Zhang, 2012). In order to understand
the flow and interaction of these two phases within the same
system in steady state, the model solves interaction and con-
servation equations for mass, momentum and energy (CD-
Adapco, 2013).

The simulations of the three case studies followed the tra-
ditional methodology of a CFD study. First, the pre-process-
ing—where the geometry is generated—and the conditions
of each the three different cases studied were selected. The
second stage, the processing stage, is the solution models and
finally the post-processing, which consists in obtaining re-
sults, imaging, reports and additional required information.

In the pre-processing stage of the simulation, the geometry
studied is generated, a mesh is made according to the
requirements, physical models are selected, initial conditions,
boundary conditions and operating conditions of each case
are designated. The geometry modeling was performed using

the commercial tool Inventor®, and taking into account
the symmetry of the equipment only half of the DAF tank
was simulated and a symmetry condition was implemented
to complete the system. A polyhedral mesh was selected,
because given its configuration and growth rate, it produces
similar results to higher cell density tetrahedral meshes.
To validate the mesh, grid independence was conducted to
ensure that the results did not depend on the selected mesh.

The processing stage consists of solving the previously se-
lected models. For this purpose, we used the finite volume
method for the solution of the Navier-Stokes and continuity.
Besides this, additional turbulence equations were added to
complete the system to be solved. The solution to each equa-
tion is disengaged, and using a predictor-corrector method
the combined solution of the variables of interest is deter-
mined. The physical selected models are steady, Eulerian
multiphase, segregated flow, turbulent flow, the water was
assumed as a fluid with constant density and an ideal gas. The
convergence criterion used in each of the simulations was the
stabilization of the residuals for the studied physical models;
especially, the residuals for the turbulent kinetic energy, of
both water and air (which are the equations that were used
as mixing criteria). The stabilization of the residuals means
that the difference between the results of each iteration is suf-
ficiently low (around 1e-6) (C. T. Crowe, 1998). This stop-
ping criterion ensures the stabilization of the system and its
convergence.

The pre-processing step consists in solving the equations
previously. The results correspond to the volume fraction of
air, velocity and turbulent kinetic energy of the water.

DAF SYSTEM PERFORMANCE

The appropriate analysis for each simulation has been real-
ized with the three main variables that affect the process. The
first one is air distribution in the DAF, as it was measured
with the volume fraction of air in water. The second is the
amount of air that was mixed in the DAF, this is measured
using turbulent kinetic energy which is the kinetic energy per
unit of mass and it is associated to the turbulent flow. The
last one is the distribution of velocity taking into account the
influence of the water on the normal flow of water. This flow
structure must be a stratified flow (Lakghomi et al, 2012).
The flow pattern is made up of three flow patterns. It is cre-
ated by the difference in bubble concentration throughout the
equipment, where the lowest concentration of bubbles is on
the bottom of the separation zone (Edzwald, 2010). On the
top of the DAF unit are two horizontal flows; one goes for-
ward and the other backward as a return flow. These flows
produce an area called white water blanket where the clari-
fication and the rise of flocs particles and air bubbles takes
place. This zone has a turbulent flow that increases the clari-
fication process of the water treatment. Furthermore, under
this zone is a vertical plug-flow that forms an area called



dead zone. Its purpose is to withdraw the clean water and
the thicker solid particles from the bottom of the equipment
(Edzwald, 2010). Because of this, the dead zone must have a
laminar flow that reduces the water flow and does not collect
the floating sludge. Lundh et al. (2002) studied the influence
of contact zone configuration in a DAF pilot plant. The ex-
periment reported that the height of the wall separating the
contact and separation zone affects the hydrodynamics of the
process and consequently the efficiency in terms of clarifica-
tion, because the appropriate configuration allows a stratified
flow. This flow pattern has been reported as the best mecha-
nism for the flotation process (Bondelind et al., 2010).

REsuLTs AND D1ScUSSION

Before showing the results of the simulations, the results for
the grid independence test are shown, given that this test is
of vital importance for the selection of the final mesh for all
the simulations. The results obtained with respect to time of
simulation in Case I are shown in Table 1.

# of Elements Simulation Time [hr]

102,112 3.33
307,994 7.20
503,823 13.80

Table 1. Results of the grid independence test

Besides the above, a report from both the average velocity
and the turbulent kinetic energy of the water is calculated,
once the simulations have reached the selected stop criterion
(8,000 iterations). This is to ensure the independence of these
two variables of interest with the number of elements in the
mesh. The results are shown in Figure 2.
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Figure 2. Results of the grid independance test
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As shown in the Figure, the number of cells does not great-
ly affect the results of the average speed and average TKE;
i.e., these variables of interest are not dependent on the mesh
size. Therefore, the intermediate mesh for other simulations
was selected as this does not require a high computational
time and allows a proper resolution of the holes in the air
diffusers. This means that the mesh done represents correctly
the circular geometry of the air diffusers.

WATER VELOCITY IN THE EQUIPMENT

This is the first variable of interest and is necessary when it
comes to understanding the behaviour of the water before
beginning to analyse the behaviour of the system under the
influence of the air. This variable allows us to identify vortex
zones and the direction of the water in any point of the tank. It
is important to clarify that the results show the magnitude of
velocity, i.e., a scalar point, combined in a vectorial scheme
to identify the direction of the flow despite it not being
quantified. The result of the velocity magnitude of the water
is shown in Figure 3. This figure shows a similar behaviour
in all three cases of study. On the other hand, it shows that
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Figure 3. Velocity magnitude of water. a) Study case I. b) Study case Il. c)
Study case Il
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the entrance and exits are points where the velocity of water
is more greatly affected, and is important to note that velocity
with which the water enters the equipment, is the same as the
velocity when it comes out of it. In the separation chamber,
which is where chemical agents help treat the water, we can
see that the velocity begins to decrease until it reaches a
stable point approximately equal in each case, 0.1 m/s. The
difference in each of the cases lies in the change of speed
caused by the diffusers and vortex distribution inside the tank
(vortex distribution has a strong relation with the speed of air
in the diffusers). For the first two cases, where the velocity
of the entrance of water is the same, the behaviour of water
in the area of flow diffusers presents the same behaviour (an
ascending increase in speed), the difference lies in how much
the velocity increases and how much water is affected by the
air outlet. Given that for case II, the output velocity of air
is greater than for case I, the increase of velocity shown in
Figure 3.b is greater than for Figure 3.a.

For case III, the velocity distribution changes radically with
regard to the two previous cases. In this case, it is observed
that the combined effect of the first diffuser and the plate
beside it, create an upflow pattern; this is not seen clearly in
cases I and II. In this case, the second diffuser manages to
produce greater disturbance in the velocity of the water (for
cases I and II the disturbance is approximately 20% and for
case III the disturbance is of approximately 40% in the ve-
locity magnitude). This disturbance completely changes the
distribution of vortex in the tank, so much that this operating
condition is observed to remove the dead zone found in the
bottom of the tank.

VOLUME FRACTION OF AIR IN THE DAF

Once we understood how the water in the tank is distributed,
we then needed to analyse how the air is distributed. To do
this, the amount of air in the tank is quantified by measuring
the volume fraction. The three parts of Figure 4 show the
volume fraction of water on same scale for each case for easy
comparison. As can be observed, in the three cases, the dif-
fusers’ exits show a total air saturation, that shows the same
behaviour as in Figure 3a, where there is a tendency for the
first diffuser to pass air through the leaky plate upward, as-
cending both the water and air. Given the conditions of cases
I and II, the changes observed for this variable are not mean-
ingful. The shape of the profiles obtained is the same but not
the magnitudes of these in some parts of the tank; for ex-
ample, in the vortex formed in front of the second diffuser.
Study case IT shows a different profile both in magnitude and
form compared to the previous two cases, as happened with
the speed of the water, shown in the Figure 3. In this case,
we can observe the flow stratification mentioned above as
well as high levels of saturation in the places of interest like
the diffusers and the regions above them. This favours water
treatment.
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Figure 4. Volume fraction of Air. a) Study case I. b) Study case II. c) Study
case lll.

TURBULENT KINETIC ENERGY

The Turbulent Kinetic Energy (TKE) is the mean kinetic
energy per unit mass in turbulent flow. It is characterized
by measured root-mean-square (RMS) of fluid velocity
oscillations. The formulation of this variable for turbulent
flows, allows a quantification of contributions of effort in the
fluid, friction or external perturbations; i.e. it is possible to
obtain a variable that quantifies speed contributions (Figure
2) and volumetric contributions (Figure 3) (University of
California, Berkeley, 2012). Since the aim of this study is the
mixing of air and water, the TKE of the water is the variable
of interest. The TKE of the air can be obtained, but in this
case, it is irrelevant. Figure 5 shows the results of the TKE of
water for each of the three cases. It is important to note that
the scale of disturbance is low because of the low amount
of air entering the system. As we can see, the distribution of
TKE in the tank is similar for all three cases; for example,
the effect that the leaky plate and each of the diffusers have.
For the first two cases, we can see that a disturbance in the
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flow reaches the bottom of the tank, which goes against the
flow stratification already explained. The only difference
between cases I and II is the way in which the last vortex,
occurs where for case II the centre of this (point where there
is any perturbation) is less than Case I. Case III, on the other
hand, shows a vortex where the volume is mixed, and little
disturbance is observed below the diffusers (as desired). In
addition to this, we can see that at the top of the tank, on
the surface of the water, there is greater disturbance after the
second diffuser and throughout the surface, indicating that
air is better distributed in water surface, leading to a greater
effect on the water to be treated.

CONCLUSIONS

Results show that operating standard conditions should be
modified to improve the water treatment system efficiency.
Profiles constructed by CFD showing water velocity, volume
fraction of air and turbulent kinetic energy, proved Case III to
have the best parameters to ensure a good distribution of air,
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an appropriate mixing of substances, as well as the minimiza-
tion of dead zones in the equipment.

Case III decreased operating costs with lower water influ-
ent velocity (0.79 m/s) and air volume fraction (0.02), and
improved the systems' overall performance: dead zones are
minimized as water velocity is well distributed, a stratifica-
tion flow is produced, saturation levels increased, and mixing
took place in desired places.

It is suggested that further studies should be undertaken to
continue to improve the water treatment system, with the use
of faster computational technology that allows to explore a
greater range of operating conditions, include a solid phase,
and vary other parameters of the system (geometry param-
eters such as positions of diffusers, direction of holes and
inclusion of baffles can be studied). Looking to help mitigate
environmental pollution, we would do well to share discov-
eries made in these types of research projects and CFD meth-
ods with the oil industry.
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