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ABSTRACT

The hydrodynamic study of a biological reactor allows the detection of dead zones or preferential flow paths that
reflect hydrodynamic deficiencies in its operation. It is crucial to identify and optimize its behavior. If the required
hydrodynamic conditions are provided, the efficiency of the purification process will substantially increase.
Therefore, the purpose of this study is to evaluate the hydrodynamic behavior, for the design flow, of a biological
reactor type A20 of the Roldan, Lo Ferro and Balsicas Wastewater Treatment Plant, located in Torre Pacheco
(Spain). The FLOW-3D software has been selected to analyze the three-dimensional operation of the anaerobic
chamber for an inlet flow of 2,750 m3day. The influence of the turbulence model and the mesh size in the
hydraulic retention time has been investigated.
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1 INTRODUCTION

Computational Fluid Dynamics (CFD) is a growing tool in the field of wastewater treatments. Karpinska &
Bridgeman (2016) consider the use of CFD as a powerful and necessary tool for the optimization of water
treatment systems. The works carried out so far show the influence of the geometry of biological reactors on
the flow pattern, which is why hydrodynamic modeling has gained relevance in optimization designs.
Traditionally, the key parameters have been taken into account for the volume of these units, trying to
determine the required hydraulic retention time (HRT) with which the expected reduction levels are achieved.
This supposes a homogeneous renewal rate of the fluid and it can present great deficiencies since this
simplification does not contemplate the real hydraulic behavior. For this reason, among others, the expected
efficiency is not achieved on many occasions, highlighting the interest raised by three-dimensional hydraulic
analysis. CFD modeling helps to detect anomalous flow behaviors, dead zones, hydraulic short circuits or
preferential flow paths, facilitating the proposal of more efficient geometric alternatives that allow the total
volume of the reactor to be efficient.

2 MATERIALS AND METHODS

The biological reactor presented in the following figure belongs to the Roldan, Lo Ferro and Balsicas
Wastewater Treatment Plant, WWTP (Spain). The anaerobic chamber has dimensions of 6.40 m long and 20
m wide. The chamber is communicated with the anoxic part by two bottom orifices of 0.2 x 0.4 m2. For the
design flow, there is not upper overflow. The entrance to the biological reactor takes place through a section
of 0.3 x 0.3 m? located at the beginning of the anaerobic chamber, being the design flow of 2,750 m%day.
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Figure 1. Plan view of the WWTP (left), 3D view (center) and front view (right) of the biological rector
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A three-dimensional numerical model has been developed in FLOW-3D for the anaerobic chamber, solving
the Navier-Stokes equations for water through the finite difference method. A structured mesh of rectangular
cells is used to define the computational domain, studying different mesh sizes (0.6 m, 0.5 m, 0.4 m), in
addition to nested mesh blocks with a mesh size of 0.1 m located in the bottom orifices and in the inlet.
Regarding the boundary conditions, a constant flow condition equals to 0.032 m?/s is established in the inlet,
which is the design flow expressed in m?¥s for each treatment line. In the outlet condition, a hydrostatic
pressure type condition has been specified, considering the fluid elevation at 5.49 m. All simulations have
been carried out using the "Volume of Fluid" method proposed by Hirt and Nichols (1981) for modeling the
free surface. For the turbulence model, two types have been considered: the turbulence model k-¢ and the
Re-Normalisation Group (RNG) k-¢. The laminar flow behavior has been also analyzed. To analyze the
results, two numerical probes A and B have been placed in each bottom orifice.

3 RESULTS AND DISCUSSION

Considering the results obtained in Figure 2, the retention time in the two outlets of the anaerobic chamber is
different. The reduction of the mesh size tends to diminish the HRT in the probe A and to increase the
retention time in the probe B. This effect may be observed with the three turbulence models analyzed.
Regarding the turbulence models comparison, the RNG k-¢ tends to obtain the larger retention times in the
outlet B, while the laminar flow cases obtain the higher HRT for the finer meshes in probe A. Comparing each
model with their finest mesh, differences between mesh sizes of 0.5 and 0.4 m are smaller than 5% in all the
cases.
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Figure 2. Hydraulic retention time in the probes as a function of the mesh size and the turbulence model (left)
and relative error with respect to the finest mesh (right)

Similar retention time distributions may be observed for the k-¢ model and the RNG k-¢ models, with a large
dead zone in the vicinity of the outlet B due to the recirculation of the flow (Figure 3). This may explain that
there are similar residence times in both cases, even though outlet B is located in front of the inlet.
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Figure 3. Hydraulic retention time for a horizontal plane located at the bottom outlets level with mesh size of
0.4 m: laminar model (left), k- model (center), RNG k-& model (right)
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