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In recent years, CFD methods have become a universal engineering tool for modeling
many classes of flows. New turbulence models, as well as algorithms for solving governing
equations, are still being developed. Various types of rotors, turbines, and pumps are
classic engineering objects dedicated to CFD methods. This collection of articles included in
the Special Issue (SI): “Advancement in Computational Fluid Mechanics and Optimization
Methods” shows the much wider use of these methods.

CFD approaches are also used for much more advanced physical problems. Peng et al. [1]
developed a partially premixed combustion model based on the flamelet generated mani-
fold model to investigate the propagation of methane-air combustion flame. These authors
simulated the transient pressure field along with flame propagation employing the un-
steady RANS (URANS) approach. This paper proved that when the methane concentration
accumulated in the regenerative thermal oxidizer reached at least 7.5%, the flame caused
by the explosion could have caused explosions in underground mines. The unsteady
RANS approach, specifically the standard k-ε turbulence model with standard log-law
wall functions.

Another interesting paper in this SI collection deals with the fluid mechanics within a
pump annular seal [2]. Fluid reaction forces can significantly affect the vibration charac-
teristics and the stability of the pump. This work investigated transient flow parameters
using the dynamic mesh approach. These authors obtained satisfactory results using the
known turbulence model—the realizable k-ε.

Square-section structures are common in the field of civil and marine engineering.
Flow characteristics around two square cylinders in a tandem arrangement for different
spacing ratios were studied by Wang et al. [3]. In this paper, Proper Orthogonal Decompo-
sition and Dynamic Mode Decomposition methods were employed to separate the main
modes of the flow field and the corresponding time coefficient. The main purpose of these
authors was to use CFD methods to investigate modes with higher energy in the flow field.

The scientific papers presented in this SI include two important works on modeling
the flow around an airfoil, often used to construct wind turbine rotors with a vertical
axis of rotation [4,5]. The four-digit NACA series airfoil with a relative thickness of 18%
has been used in aviation for many years. However, the flow velocities occurring under
such conditions are much higher than those observed during airflow around the blades
of even large rotors of wind turbines. Despite the development of this branch of wind
energy (vertical-axis wind turbines), since 1933, for almost 75 years, no experimental tests
have been carried out on the performance of this profile for low and medium Reynolds
numbers. Modern results of experimental research and new turbulence models have made
it possible to revise the current research results and allowed for a better understanding of the
phenomena occurring in the boundary layer. These two publications used a relatively new
approach: the gamma-Re-Theta four-equation turbulence model. This model captures some
phenomena in the boundary layer based on correlation—the research results provided
by this model posed two new research problems. One of them is the influence of the
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wingspan on the characteristics of the laminar separation bubble, and the other is the need
to calibrate the turbulence model. The simulation results published in these two papers
have practical applications.

CFD methods can be used not only as tools that are helpful in understanding the
physical phenomena occurring during the flow. One of the important applications of these
methods is the ability to optimize both the geometry of an investigated object as well as the
flow process. Huang et al. [6] did this kind of optimization work and used CFD methods to
investigate the cryogenic expander. These authors’ model took into account the generator,
shaft, runner, and guide vanes. The simulations were made using commercial ANSYS CFX
software and the SST k-ω turbulence model. The result of this work are recommendations
for expander design and the blade lean angles.

In this SI, there is one more paper dealing with optimization. Zamora [7] studied
buoyancy-driven airflow that included two isothermal inner plates established in a vented
cavity. Obtained by this author, the results can be applied to the optimization of elec-
tronic equipment cooling. The selected turbulence model was the standard two-transport
equations k-ωmodel proposed by Wilcox.

Furthermore, a less common use of CFD approaches may be to analyze the flow field
of a wheel loader engine compartment. This problem was considered by Yu et al. [8] using
three classical turbulence models as well as two more advanced approaches: Detached
Eddy Simulation (DES) and Large Eddy Simulation (LES). This work shows that although
RANS models provide a reasonable estimate of velocity fields and flow structure, LES
methods have a much better ability to predict the turbulence distribution. Therefore, they
seem to be the future of CFD modeling. The DES hybrid model is a good alternative to the
still computationally-costly LES approach because it combines the advantages of the LES
model and RANS model for simulating three-dimensional unsteady turbulent flows.

Another very interesting issue is Faraday instability. This phenomenon occurs during
the relative displacement of the interface separating two immiscible fluids in a closed
container. Blanco et al. [9] compared different numerical schemes to solve the Navier-Stokes
equations for modeling this phenomenon. These authors used commercial ANSYS-CFX
software and three different codes based on Front Tracking and Volume of Fluid schemes.

This compilation of articles in this SI shows that the classic RANS models will remain
in common use for a long time. This is due to significantly lower computational costs
than LES models and the acceptable results of aerodynamic loads and flow parameters
around the analyzed object. However, the further development of models that capture the
transition phenomena in the boundary layer in the case of external flow issues is important.
It seems, however, that LES-type methods should be developed in parallel to enable a
deeper analysis of turbulence. A very interesting approach that has begun to develop
in recent years is the Lattice Boltzmann method. Jamalabadi [10] has shown the great
possibilities of this approach in his paper. Perhaps soon, this approach will become an
alternative method to CFD.
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