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PROCYCLA AND MODSIM TEAM 

ProCycla is an environmental consulting company
based in Spain and Chile that offers technological
solutions and advice on environmental
management and waste recycling for the private
sector and public organizations. 
 
ProCycla's modeling and simulation area
(MoDSim) is formed by a team of engineers with
extensive experience in the sector. MoDSim's
service offers to apply computational tools to
enable the virtual development and creation of
digital twins of the systems to be studied in
question. Mainly, they are focused on those that
involve optimizing energy and biological
processes, such as anaerobic digestion plants
and biogas generation. 
 
We guide and advise companies in their R+D+i
research lines and processes, in terms of design,
optimization of prototypes. Also, in the
implementation of mathematical models,
according to the needs and requirements of each
client. 

MODELING AND SIMULATION 

Simulation, on the other hand, consists of the
resolution of such a model in order to describe
the behavior of the process or system over time
and/or space. 

Compared to experimental procedures, the
modeling and simulation approach helps to make
decisions more quickly and economically. In
addition, it reduces the risk to operators and
reduces the environmental impact.

COMPUTATIONAL FLUID
DYNAMICS (CFD)

Computational Fluid Dynamics (CFD) allows us to
predict a system’s fluid flow evolution based on
the transport phenomena equations, such as
mass, energy and momentum balances. 

Therefore, the simulation of the process entails
the resolution of a complex system comprised by
partial differential equations, which requires the
use of numerical methods and advance
computational resources.   

Unlike other models, CFD can be used to model
tridimensional and transient systems, achieving a
highly accurate representation of the process of
interest.  Thus, CFD allows us to study the
geometrical design of an equipment as well as its
operating conditions. 
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Modeling a physical system involves the
abstraction of its essential characteristics and
phenomena by means of a mathematical
representation. 



Anaerobic digestion 
Microbial biopolymer production 
Antibloom systems for fish farming 
Stirred tanks 
Wastewater treatment systems

Some systems and/or industrial processes that
have been studied by means of CFD are: 
 

HOW DO WE BUILD A 
CFD MODEL?   

1) Pre-processing  requires the characterization
of the system’s geometrical design and its
operating conditions. 

The tridimensional virtual representation of the
geometry must include the features that are
relevant for the process’s fluid flow evolution
such as, for example, the shape, size and position
of an impeller. 
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Usually, the CFD simulations are ran in high performance
computers or clusters.

Pre-processing 
Solution
Post-processing
Verification and validation

The implementation of a CFD model requires an
interactive workflow that comprises four stages:
 

1.
2.
3.
4.

The geometry is discretized into a mesh to be
able to solve the set of equations by means of
numerical methods. 

For an accurate characterization of the process, it
is set-up whether the process involves one or
more fluids, whether these are Newtonian or
non-Newtonian, whether the flow is turbulent or
laminar, among other aspects. Also, the walls,
inlets and outlets of the system are identified,
and its initial conditions (is it initially at rest?).



2) Solution requires the selection of the
numerical methods suitable for the resolution of
the model, which will determine the level of
accuracy and stability of the simulation. 

3) Post-processing involves the treatment of the
simulation’s data for the calculation of suitable
parameters and visualization of graphs to analyze
information of interest.

4) Verification and validation consist in the
evaluation of the simulation’s results from a
numerical and modeling point of view.
Verification requires to analyze the effect of the
spatial and temporal (in the case of a transient
simulation) discretization, while validation is the
evaluation of the model capability to accurately
represent the system and phenomena of
interest.   

To apply this methodology, the engineers of
MoDSim meet with the counterpart in several
occasions. First, to collect the information for the
characterization of the system of interest and to
formulate the problem/question that wants to be
addressed with the CFD simulation. Afterwards,
follow-up meetings are held to discuss with the
counterpart the advances of the CFD model
implementation and simulation’s results.   

WHICH SOFTWARE ARE USED
FOR CFD MODELING?  
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Several softwares are available for the
implementation, execution and analysis of CFD
models. Open-source softwares, such as
OpenFoam, require programming skills in
languages such as C++ in order to implement
and/or modify the model codes. 

On the other hand, the commercial softwares,
such as Ansys Fluent, have interfaces to set up
the different options of the model so, in many
cases, no specialize programming knowledge is
required.  

Several softwares are available for the
implementation, execution and analysis of CFD
models. Open-source softwares, such as
OpenFoam, require programming skills in
languages such as C++ in order to implement
and/or modify the model codes. 

On the other hand, the commercial softwares,
such as Ansys Fluent, have interfaces to set up
the different options of the model so, in many
cases, no specialize programming knowledge is
required.  



Single and multi-phases 
Newtonian and non-Newtonian fluids 
Mechanical and pneumatic mixing 
Laminar, transitional and turbulent flow 

The design and optimization of industrial processes is complex. Their scale-up, starting from
pilot or laboratory studies, commonly results in the onset or increase of heterogeneities or
other non-desired features. 

Besides, many times the experimental characterization is not technically feasible or is too
expensive in terms of cost and time. In those situations, the use of CFD models as virtual pilot
can be of great help to study systems with a variety of features such as: 
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WHY TO USE CFD?
PRACTICAL CASES  

Minimization of dead zones 
Energy efficiency 
Mixing of non-Newtonian fluids 
Identification of recirculation zones 

System with pneumatic mixing 

ProCycla has used CFD modeling to evaluate the
mixing mechanisms for a waste treatment
system. Some variables of interest for the study
are: 

Gas rising in transient state in a two-phases system with a
pseudoplastic fluid

Flow pattern triggered by the gas sparging in the stationary state of the two-phases system
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WHY TO USE CFD?
PRACTICAL CASES  

Impellers configuration 
Stirring speed 
Fluid properties 
Baffles and other internal elements 
Gas sparging 

System with mechanical mixing 

CFD allows us to characterize the flow patterns of
mechanically mixed systems and how those
patterns change with different variables such as:
 

The impeller configuration causes a parallel
flow pattern with slow mixing.

Velocity contours at the gas-liquid interface in the stationary state of the two-phases system.

Particle sizes 
Fluid properties 
Mixing configuration 
Tank design 

System with solids precipitation 

Virtual prototypes of multi-phase systems with
particulate matter can be used to evaluate the
effect on solids precipitation of the following
variables: 

Prediction of precipitation of solids for a plug flow digester.
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FINAL CONCLUSIONS 

System with solids precipitation 

CFD simulations allows us to study fluid dynamics
phenomena that are key for the optimization of
the design and operating conditions of industrial
processes, such as the mixing flow patterns, dead
zones formation, temperature profiles, mixing
times, etc. 

In addition, CFD allows us to obtain an accurate
characterization of the heterogeneities of a
system in order to minimize it.  

The use of CFD models as virtual pilot systems
arises as a promising approach to improve the
efficiency of the industrial processes.  
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