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Fluid flow is applied in every sense of daily life, as industrial processes or home appli-
ances. In fact, the fluid in nature is not perfect mixed and there gradients involving mass
and energy transfer. Several industrial processes suffer from bad property distribution, as
plastic mold injection, ventilation safety, bread baking and more. Therefore, it is impor-
tant to control and manipulate the temperature or concentration distribution in order to
achieve better performance and design [1].

The Computational Fluid Dynamics (CFD) models have shown to be very useful as an
analysis and design tool for problems involving fluid flow and related phenomena [2]. In
fact, the imperfectly mixed fluid dynamics can be characterized with good accuracy with
CFD, providing the properties spatial and time profiles. In addition, this information
can be used to propose geometric or operational modifications on the process in order to
provide a better mixing. Still, the methodology is not appropriated to be used as on-line
control due to the solution complexity and high computational effort. But the it could be
used as virtual control systems to achieve the best operational condition.

All the past works [3, 1] considering the CFD-control coupling have only dealt with scalar
variables, as temperature or concentration. In this work, it is presented a Single-Input
and Single-Output (SISO) approach to manipulate vectorial variables using proportional,
proportional-integral and proportional-integral-derivatives control rules implemented on
an open source CFD package, OpenFOAM.

Test cases were performed in a non-isothermal flow in a chamber with heat sources. The
non-isothermal flow was solved considering the Boussinesq approximation and the adopted
turbulence model was the k − ε.
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Both the temperature and velocity magnitudes and velocity direction were controlled in
specified points of the geometry. Control parameters were obtained using a tuning method
and then used in three different simulations, for proportional, proportional-integral and
proportional-integral-derivative controllers.

It was applied a step of 10 K in the temperature at simulation time equal to 1000 seconds.
After that, the controllers were used to control the temperature set point by manipulating
the temperature value in the inlet. Fig. 1 shows the time average value of the temperature
along the time for the uncontrolled and P, PI and PID controllers. The set-point value is
represented by SP and it was fixed at 308 K.

Figure 1: PID control results manipulating the temperature inlet to control a specific point into the
domain.

It can be seen that in case of using a proportional controller the temperature establishes
in a value with a high offset. This is a typical result for proportional controllers. On the
other hand, the results of the temperature time average for both PI as PID are achieving
the set point value, showing that the instantaneous temperature values must be around
the set point. It shows that the Control-CFD coupling approach presented very good
results in the simulated cases.

REFERENCES

[1] S. G. Lim, S. H. Lee and K. Han-Gon: Benchmark and parametric study of
a passive flow controller (fluidic device) for the development of optimal designs
using a CFD code, Nuclear Engineering and Design, Vol. 240, pp. 1139-1150,
doi:10.1016/j.nucengdes.2010.01.002 (2010)

[2] S. Patankar: Numerical Heat Transfer and Fluid Flow, Taylor & Francis, first edition
(1980)

[3] T. Z. Desta, K. Janssens, Van Brecht, J. Meyers, M. Baelmans and D. Berckmans:
CFD for model-based controller development, Building and Environment, Vol. 39,
pp. 621633, doi: 10.1016/j.buildenv.2004.01.001 (2004)

2


