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Abstract: The application of Computational Fluid Dynamics (CFD) to energy-related problems
has increased in the last decades in both renewable and conventional energy conversion processes.
In recent years, the application of CFD in the study of hydraulic, marine, tidal, and hydrokinetic
turbines has focused on the understanding of the details of the complex turbulent flow and also
in improving the prediction of the performance of these devices. There are several complexities
involved in the simulation of Vertical Axis Turbine (VAT) for hydrokinetic applications. One of them
is the necessity of a dynamic mesh model. Typically, the model used in the simulation of these devices
is the sliding mesh technique, but in recent years the fast development of the overset (also known
as chimera) mesh technique has caught the attention of the academic community. In the present
paper, a comparison between these two techniques is done in order to establish their advantages and
disadvantages in the two-dimensional simulation of vertical axis turbines. The comparison was done
not only for the prediction of performance parameters of the turbine but also for the capabilities of
the models to capture complex flow phenomena in these devices and computational costs.

Keywords: Computational Fluid Dynamics; vertical axis water turbine; overset mesh; sliding mesh

1. Introduction

Due to the global concern related to climate change, some worldwide challenges
and international warnings revolve around the usage of fossil fuels. The reduction in
the consumption of fossil fuels and the increment in the use of renewable energies is
a primary objective to mitigate this global concern. The present work focused on the
use of small-scale Vertical Axis Turbine (VAT) to convert the kinetic energy available
in river streams (hydrokinetic energy) into mechanical work. In recent years, extensive
research work has been done to understand the dynamics of the flow around VATs and
also in the improvement of the efficiency of these devices [1–4]. Typically, the study
of these devices can be done with three different techniques: experimental, analytical,
and computational. Regarding experimental techniques, the most common are performed
in scale prototypes either in water tunnels/channels [5–7] or towing tanks [8–10]. These
experimental techniques require large-scale facilities and precise measurement systems,
which, in general, are expensive. Analytic and semi-empirical techniques such as the
Streamtube model [11,12], free wake vortex models [13–15], and cylinder and line actuator
models [16–18], among others, are considered simple to implement but highly dependent
on experimental data. The most common computational technique used in the simulation
of Vertical Axis Turbines (VAT) is Computational Fluid Dynamics (CFD) in which the
governing equations of the dynamics of flow are solved in a computational domain that
needs to be discretized in elements (Control volumes).
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In the literature, a great deal of work can be found related to the simulation of vertical
axis turbines for wind, marine, and hydrokinetic applications; but, in few of them the details
of the correct configuration of the numerical methods and models that are typically used in
this kind of simulations are addressed. Some of the details and parameters that influence the
numerical results and that are typically studied are related to the correct use of two- or three-
dimensional models, the space and time discretization, and turbulence modelling. Balduzzi
et al. studied the influence of several different parameters in two-dimensional models of
VAT such as the Turbulence model, computational domain dimensions, and number of
revolutions required for convergence of the torque coefficient. It was found that the most
suitable Unsteady Reynolds Navier–Stokes (URANS) turbulence model for this application
is the k-ω SST. For the computational domain size, it is recommended that it should be
significantly extended in order to reduce the influence of the boundary conditions, and
for the rotating domain (when using sliding mesh technique) it is always less than twice
the turbine diameter in order to reduce computational costs [19]. Rezaiha et al. found that
the size of the rotating domain is negligible and a difference of less than 1% was observed
for 2D simulations of Vertical Axis Wind Turbines (VAWT) using diameter of the rotating
domain between 1.25D and 2D where D is the diameter of the turbine [20]. A convergence
criterion for the torque coefficient was proposed so that in two consecutive revolutions
the difference in this parameter should be lower than 0.1%, which is typically achieved
after eight revolutions when using the sliding mesh techniques [19]. Maitre et al. studied
the influence of the near wall refinement as the precision of the prediction of the global
performance of the turbine. It was found that too-coarse grids tend to overestimate the
stall condition of the blades and, in general, to underestimate the power coefficient. Maitre
et al. also studied the accuracy of two-dimensional CFD simulations in the prediction
of the power coefficient of VAT and it was observed that the computational results were
always higher than the experimental measurements except for small tip speed ratios (λ).
This overprediction of two-dimensional models is important for small-scale VAT in which
the losses due to the blade tips and arm-blade junctions are not included [21].

One of the most challenging aspects of using CFD in the simulation of a vertical axis
turbine is related with the dynamic mesh required due to the motion of the blades of the
turbine. Remeshing methods are practically prohibited for this application due to the
large motion of the blades, which represents a very high computational cost. Dynamic
mesh techniques that do not involve remeshing, such as sliding and overset (also known
as chimera) mesh, are suitable for this application. In both techniques, two or more
computational domains that are meshed independently can be merged in order to generate
the relative motion between them. In the sliding mesh technique, the meshes do not
overlap but they are connected through a boundary that is called interface. At every time
step, the meshes slide relative to each other along the interface, typically with a prescribed
motion (for VATs rotation is involved). The governing equations are solved at every time
step in both domains but information between meshes must be interchanged along the
interface, which requires the estimation of the fluxes across interfaces, which, in general,
are non-conformal [22]. The overset mesh technique consists of creating independent
meshes and allows overlapping between them. Typically, one or more near body meshes
and at least one background mesh are required to apply this technique. The governing
equations are solved on both meshes and on the overlapping region (also known as overset
boundary). The solution is interpolated and shared between the meshes in order to impose
the correct boundary conditions [23]. The main advantages of this method are that the
meshes can be generated independently, reducing the complexity of mesh generation
and the total number of elements. One restriction is that the size of the elements of each
mesh on the overlapping boundaries must be similar. To summarize, even though in both
techniques the meshes are generated independently, they must be merged before running
the simulation. The main differences between OM and SM are: (1) The meshes overlap
in OM but do not overlap in SM; (2) a clear and fixed interface is generated between the
two meshes in SM and interchange of information is performed every time step; and (3) in
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OM, an overlapping region is generated every time step and the solution of both meshes is
interpolated in this region.

Most of the CFD studies of VAT (both for wind and hydrokinetic applications) reported
in the literature were performed using sliding mesh (e.g., [24,25]) and in recent years the
application of the overset method for VAT has increased. Kozak studied the unsteady effects
of vertical axis wind turbines with overset meshes, proposing some recommendations
to correctly configure the overset overlapping [26]. Mclean studied the performance
improvement of vertical axis wind turbine with active blade pitch control using CFD
and polygonal overset meshes. It was concluded that a fully coupled solver has a better
performance when using the overset mesh technique [27]. Lei et al. used the overset mesh
method to study an offshore vertical axis wind turbine in pitch and surge motion. Only one
rotating overset domain and one background mesh were used. A convergence analysis was
done, in which six different meshes were generated and the number of elements in both
domains were changed simultaneously. The overset mesh method showed a good ability to
capture the complex flow dynamic when both pitch and surge motions were included [28].
Regarding the simulation of VAT for hydrokinetic applications, Kinsey and Dumas studied
the effect of the wake blockage in the performance of crossflow turbines (three blades
with high solidity). Three meshes were used for each blade and one mesh was used as
background; all the meshes used were generated with polyhedral elements. A convergence
study using three different numbers of total elements was performed, but no detail of the
number of elements in each mesh was given. Numerical results show very good agreement
with experimental data and the application of overset mesh was significant since only the
background mesh was changed in order to study different blockage ratios [29]. Gorle et al.
studied flow control based in circulation control of a vertical axis hydrokinetic turbine in
order to improve its performance. A two-dimensional CFD simulation was performed,
in which the overset technique was used in order to model not only the rotation of the
blades but also the pitching motion. Numerical results showed very interesting findings
about the controlled flow and the versatility of overset mesh in the study of flow control
for VAT based on circulation control; nevertheless, no details of a convergence analysis and
the number of meshes were provided [30].

In the present paper, a detailed comparison between the sliding mesh (SM) technique
and overset mesh (OM) technique is shown and discussed. It is important to clarify that
the objective of the present work was not focused on finding which is the best strategy,
SM or OM, to reproduce a particular set of experimental data, but better to point out the
differences, advantages, and disadvantages of each of them in the simulation of VATs.
To achieve this objective, a vertical axis turbine design was simulated with both techniques
and the results of the performance parameters were compared between them. Moreover,
a comparison of pressure, velocity, and vorticity fields obtained by both techniques was
performed; this allowed obtaining a better idea of the capabilities of the models to cap-
ture complex flow phenomena. Finally, a mesh convergence analysis was done for both
techniques so that the number of elements was similar when using either technique.

2. Configuration of Study

The study case was based on a vertical axis hydrokinetic turbine that was designed
by e.Ray Europa Gmbh [31]. This turbine was designed with the purpose of being used
in rivers of low to medium stream current velocities. The objective was that the turbine
generates electricity (approximately 1 kW at 2.2 m/s) for a floating station that measures
several river parameters (level, velocity, temperature, etc.) for management and monitoring.
The turbine design expects a peak performance at a Tip Speed Ratio (TSR) of 2. Figure 1
shows the floating station and Table 1 lists the geometric characteristics of the turbine.
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Table 1. Aerodynamic profile and turbine’s dimensions.

Description Dimension

Span 750 mm
Diameter (D) 650 mm

Chord 150 mm
Number of blades 3

Blade profile GOE222
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Figure 1. Floating station.

The performance of a vertical axis turbine is characterized by three nondimensional
parameters: Tip Speed Ratio (TSR), moment coefficient (CM), and power coefficient (CP).
TSR is the ratio between the tangential velocity of the turbine to the free stream velocity of
the flow, and it is given by Equation (1), whereω is the angular speed of the turbine, R is
the radius of the turbine, and U∞ is the velocity of the free stream.

TSR =
ωR
U∞

(1)

The moment coefficient is the nondimensional form of the torque generated by the
turbine when it operates at a given TSR. The torque is nondimensionalized with respect to
the maximum torque that the turbine could generate with the available kinetic energy (see
Equation (2)),

CM =
T

1
2 ρU∞2 AR

(2)

where T is the torque generated by the turbine, ρ is the density of the fluid, and A is the
frontal area of the turbine (i.e., Span × diameter). Finally, the power coefficient is the
nondimensional form of the mechanical power generated by the turbine at a given TSR
(see Equation (3)).

CP =
Tω

1
2 ρU∞3 A

(3)

For Vertical Axis Wind Turbines, CM and CP are only function of TSR since the
Reynolds number (based on the free stream velocity) of this application is high (O(106) or
more); but for hydrokinetic applications, the Reynolds number is not higher than O(105),
so that an effect of this parameter is observed on the performance curves [8,32].

3. Computational Setup
3.1. Computational Domain Size

Figure 2 shows a schematic of the two-dimensional computational domain used in the
present study. The height (H) is 15 times the diameter of the turbine (D), while the length
of the computational domain (L) is 20D. These dimensions satisfy the criteria mentioned in
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the literature. The letter C indicates the position of the axis of the turbine, which is located
closer to the left boundary of the computational domain, so that the distance l is 5D. while
h is 7.5D. The size of the computational domain was the same for both meshing techniques,
for comparison purposes.
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3.2. Mesh Generation

In order to correctly resolve the turbulent boundary layer over the surface of the
blades, the size of the first element of the mesh in the normal direction of the blades surface
should satisfy the restriction of y+ < 1 [19,21]. In the context of VAWT simulations, this
criterion needs to be satisfied independently of the meshing technique that is used. The y+

is a dimensionless parameter for the distance to the wall, which is the characteristic length
scale of turbulent wall-bounded flows (see Equation (4)).

y+ =
uτy

ν
(4)

Here ν is the kinematic viscosity, y is the distance to the wall, and uτ is the friction
velocity that is defined as:

uτ =

√
τw

ρ
(5)

where τw is the shear stress at the wall and ρ is the density of the fluid. A priori, the shear
stress is unknown so the process to determine the correct size of the first element close to
the blade surface is by trial and error. As a first approximation, typically a flat plate model
of the blade can be used to generate the coarser grid used in the convergence analysis
process. Once the meshes are generated and the simulations are run, then the averaged
and distribution of y+ values for the blade in one revolution should be checked.

Other parameters that are important in the generation of the mesh close to the surface
of the blades (Boundary layer mesh) are the total height, the growth rate, and the total
number of layers used. The total height should be enough in order to include the developed
boundary layer at every time step; of course, at high angles of attack this is difficult to
achieve. The growth rate follows the rules typically used in every Reynolds Averaged
Navier–Stokes (RANS) simulation, in which values between 1.1 and 1.2 are acceptable.
Based on the size of the first element, the growth rate, the total height, and the method (lin-
ear, geometric, exponential, hyperbolic, etc.) used in the boundary layer mesh generation,
then the total number of layers can be specified. The first step to generate the boundary
layer mesh is to create a database with the XY points that define the blade profile. Using
these points, the upper and lower surfaces of the profile are generated and discretized
using at least 200 segments for each surface. Finally, the structured mesh is generated by
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extrusion. For both techniques (SM and OM), the commercial software Pointwise V18 was
used in the present study.

3.2.1. Sliding Mesh (SM)

When using the SM technique in VAT simulations, the computational domain must be
divided in two: a stationary and a rotational domain. These two domains are connected
through a numerical interface. The rotational domain is represented by a cylinder that
includes a structured mesh close to the surface of the blade and an unstructured one in the
rest of the domain. The diameter of the rotating domain is 1.5D. In the present study, for the
structured mesh (boundary layer) a growth rate of 1.2 was used, with a total height of
14.2 mm and 22 layers. A hyperbolic extrusion algorithm with a Kinsey–Barth smoothing
parameter of 1.6 was used in the generation of the structured mesh. Figure 3a shows the
details of the rotating mesh in which the details of the structured mesh close to the blades
of the turbine can be observed. Figure 3b shows the detail of the mesh close to the blade
surface. It is clear that the resolution close to the blade was very high in order to achieve
the target value of y+ < 1.
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Figure 3c shows the mesh used for the stationary domain; in this case the complete
domain was discretized with triangles with refinements in the region close to the rota-
tional domain.

For the convergence analysis, it was necessary to have the generation of meshes that
have the number of elements between 73,125 and 256,899, as shown in Table 2. The size
and estimated y+ for the first element of the boundary layer mesh is presented in Table 3.
As the size of the first element decreased, the total number of elements increased in order
to keep an acceptable ratio of increment in the size of the elements between all the regions
of the mesh.
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Table 2. Meshes used in the convergence analysis (SM).

Mesh 1 Mesh 2 Mesh 3 Mesh 4 Mesh 5

Blade (rotating) 15,609 20,691 30,889 37,043 55,737
Cylinder (rotating) 17,757 25,337 61,067 75,429 59,783
Farfield (stationary) 8541 19,319 9897 15,623 29,905

Total 73,125 106,729 163,631 202,181 256,899

Table 3. Parameterization of the mesh of the blades (SM).

Mesh Y+ Size of First Element [m]

Mesh 1 10 0.00014094

Mesh 2 5 0.00005705

Mesh 3 1 0.00001580

Mesh 4 0.75 0.00001057

Mesh 5 0.5 0.00000352

3.2.2. Overset Mesh (OM)

For the OM technique, it was necessary to generate the meshes (background and
near body mesh) independently. Figure 4a shows the near body mesh, which was fully
structured, and it was obtained from extrusion of the discretized blade surface. In this
case, a growth rate of 1.2 and a total of 46 layers were used. These parameters allowed
having a total height for the boundary layer mesh of 240.7 mm. This total height was higher
than the value used in the SM technique, which is a requirement in the OM technique in
order to avoid that the receptor cells of the background mesh are too close to the blade
surface. Another aspect that is important when generating the near body mesh is that the
size of the elements (approx. 3 mm) close to the overset boundary should be of the same
size as those in the background mesh. Figure 4b shows the background mesh, which was
also structured. A refinement zone was clearly observed in the region where the turbine
was located. Since the mesh was structured, the refinement propagated to the boundaries,
which had some advantages such as the improvement in the resolution in the region where
the wake was expected. However, at the same time, it increased the number of elements
in regions such as upstream where such a high resolution was not needed. In general,
the OM technique allows using structured meshes in both near body and background,
which brings important benefits such as the reduction of the total number of elements and
the computational cost.

In this case, the convergence analysis consisted of the variation of the number of
elements in the near body mesh based on the expected y+ while adjusting the background
mesh number of elements and size in order to avoid donor cells close to the blade surface.
Based on the convergence study performed for the SM method, the total number of meshes
used in the OM method was reduced to three. Table 4 shows the parameters used to
generate the meshes and the total number of elements. It was clear that the total number of
elements of the three meshes was close to the total number of elements of the meshes 4 and
5 used in the convergence study with SM technique.
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Table 4. Meshes used in the convergence analysis (OM).

Y+ Size of
First Element [m]

N◦ of Elements
Near Body

N◦ of Elements
Background Total

Mesh 1 20 0.000254 16,560 174,283 190,843
Mesh 2 10 0.000152 31,680 174,283 205,963
Mesh 3 1 0.000015 59,740 193,159 252,899

3.3. Boundary Conditions and Solver Configuration

The simulations were performed with the commercial software Ansys Fluent V 19.
In both cases (SM and OM), the flow was considered transient, incompressible, turbulent,
and Newtonian. The fluid used in the simulation was liquid water at 20 ◦C. The Reynolds
number based on the chord length ranged between 1 × 105 to 3 × 105 and the inlet velocity
was fixed to 1.5 m/s. Table 5 shows the boundary conditions used in the simulations.
The boundaries named inlet, outlet, top, and bottom correspond to the left, right, upper,
and lower surfaces of the computational domain, as shown in Figure 2. The inlet boundary
had a uniform velocity, which was applied in the normal direction. The inflow turbulence
was estimated using a turbulence intensity of 5% and a length scale of one-tenth of the
chord length (15 mm). Moving wall boundary conditions were used in the upper and lower
surfaces of the computational domain, while, at the outlet, a fixed gauge pressure of 0 Pa
was used. Besides these boundary conditions, both dynamic mesh techniques required a
definition of an interface between the stationary and rotational domains, in the case of the
SM method and between the near-body and background meshes in the OM method.

Table 5. Parameters of the boundary conditions.

Boundary Condition Value

Inlet Velocity Inlet
V = 1.5 m/s

k = 0.0084 m2/s2

ω = 6.11 m/s
Outlet Pressure outlet P = 0 Pa

Top Moving wall V = 1.5 m/s
Bottom Moving wall V = 1.5 m/s
Blades Wall No slip

Table 6 shows the different cases that were simulated for different Tip Speed Ratios
(TSR). The TSR of the turbine was changed by increasing the angular speed of the turbine
from 3.46 to 11.54 rad/s while keeping the inflow velocity fixed at 1.5 m/s. To obtain
stable results, each simulation needed 10 revolutions of the turbine with a time step of
0.001 s, and 30 iterations were performed per time step. According to Rezaiha, a maximum
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azimuthal increment (∆θ) of 0.5◦ was required in the simulation of VAWT in order achieve
a correct time discretization that did not impact the prediction in Cp. In the present study,
a maximum ∆θ of 0.66◦ was used and the average value of ∆θ used in all the simulations
was 0.43◦

Table 6. TSR and time step used in the simulations.

TSR Angular Speed
[rad/s]

Time Steps
per Revolution

Time Step
[s] ∆θ (◦)

0.75 3.46 1816 0.001 0.198
1 4.62 1361 0.001 0.264

1.25 5.77 1089 0.001 0.330
1.5 6.92 908 0.001 0.396

1.75 8.08 778 0.001 0.462
2 9.23 681 0.001 0.529

2.25 10.38 605 0.001 0.594
2.5 11.54 545 0.001 0.660

For every time step, the convergence criteria were set to 1 × 10−6 for all the residuals.
The pressure-velocity coupling used in the simulation was fully COUPLED.

For comparison purposes, in both techniques (SM and OM) the turbulence model that
was used was the k − ω SST because of its excellent prediction of the flow for this specific
application, already reported in the literature. Regarding spatial and time discretization,
second order schemes were used for all the equations.

4. Numerical Results

The variable used for the convergence analysis was the total torque generated by the
turbine, which was computed as an average in the last (10th) rotation of the turbine. As it
is shown in Figure 5, the total torque (at a TSR = 2) had a periodic evolution in time with
three peaks per revolution. The same behavior in time was observed for the OM technique
(not shown) but with a lower average value.
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Figure 6 shows the results of the convergence analysis for both (SM and OM) tech-
niques, which were performed for a TSR of 2. It was clear that both techniques showed an
asymptotic tendency in their results with meshes higher that 200 k elements, but with a
difference of approximately 15% in the predicted torque between the two techniques. It was
also observed that the OM method had a faster convergence than SM. It was clear that
both techniques arrived at the asymptotic region in the last two meshes, so that this faster
convergence was not related to the number of meshes used in the convergence analysis,
but in the capability of reaching the asymptotic region with few changes in the total number
of elements. The influence of the refinement of the background mesh was also studied (not
shown), but it was found that increasing the number of elements of the background mesh
did not have a great impact on the predicted torque.
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Table 7 shows the difference in the predicted torque between consecutive meshes used
in the convergence analysis in both techniques. The criterion for selecting the appropriated
mesh was based on a difference between consecutive meshes of less than 2%. Based on this
criterion, Meshes M4 and M2 were selected to perform the rest of the simulations using SM
and OM techniques, respectively.

Mesh 5 (SM) and Mesh 3 (OM) were run using the same computational resource in
order to establish an approximate relative computational cost. It was found that for a
TSR = 2, using the same numerical setup, the CPU time of OM was approximately 10%
higher than SM. No comparison was done with respect to computational resources used
such as RAM and processor performance during the simulation.

Table 7. Differences in the average torque between the meshes.

SM Diff OM Diff

M1–M2 7.8% M1–M2 17.2%
M2–M3 9.8% M2–M3 1.6%
M3–M4 3.5%
M4–M5 0.5%

Regarding the prediction of the performance of the turbine at different TSRs, both
techniques predicted comparable results, as shown in Figures 7 and 8. However, the SM



Processes 2021, 9, 1933 11 of 17

technique always predicted higher values of the torque and the power coefficient in
comparison to OM in the range of TSR between 0.75 and 2. For TSRs higher than 2, the OM
method predicted higher values for both torque and power coefficient (CP) in comparison
to SM. It was also clear that the SM technique predicted a peak in the torque at a TSR
of 1.5, while for the OM method the peak occurred at a higher TSR (1.75). The highest
torque predicted by SM was 39 Nm, while for OM it was approximately 32 Nm. For TSRs
lower than 0.75, both methods predicted that the turbine did not generate a torque so that
a starting mechanism was required.
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A very interesting result was that both methods (SM and OM) agreed in the prediction
of the peak performance of the turbine in which the peak CP was achieved close to a
TSR = 2 (see Figure 8). It was also observed that the curves predicted by both methods
had very similar tendencies and shape. The maximum power coefficient predicted by
both methods was close to 0.35, which is a value typically expected for small-size VATs.
By performing a simple calculation, it was possible to estimate the highest power that the
design turbine could provide if it was operated at a free stream velocity of 2.2 m/s (max
speed according to the design calculations). The maximum power that this turbine could
generate in such condition is 1040 W according to the SM method and 910 W according
to the OM method; both predictions were very close to the maximum power used in the
design calculations.
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Unfortunately, for the present case, there were not available experimental results for
the single rotor, as the turbine was installed on site with the diffuser without being tested
first in an equipped laboratory. Nevertheless, the complete floating station was tested in a
small dam as it was towed by a boat. It is well known that the experimental data in these
kinds of on-site tests have large uncertainties, but the maximum power measured at a boat
speed of 1.05 m/s was approximately 99 Watts, which corresponded to a Cp value of 0.35.
This value agreed very well with the peak performance predicted by the OM technique.

On the other hand, a qualitative comparison of the fluid flow visualization between
both methods will be shown using the vorticity, velocity, and pressure fields near the
turbine. Figures 9 and 10 show the instantaneous vorticity field close to the turbine in the
last revolution for several azimuthal angles (based on the blade marked as A) for both
OM and SM techniques. At a first glance, the figures marked as (a), (c), and (e) look alike
in the region close to the turbine but some differences were observed in the far wake
as it was convected downstream. It is clearly shown that the resolution of the vortical
structures that were generated due to the rotation of the turbine was higher in the OM
method than in the SM method, even though both methods used the same number of
elements. This observation is related to the advantage that the OM technique has due to
the structured meshes used in the background and near-body. Both methods predicted
the vortex shedding at the same azimuthal angle (between 135◦ and 195◦) with a vortex
with a very similar intensity when it separates from the blade. This shed vortex was
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convected downstream as it diffused to form the wake; in the SM technique, the vortex
diffusion happens more rapidly than in the OM technique due to the resolution of the
mesh (may be also the interface connection). A very interesting observation is that both
methods predicted that the shed vortex would not strongly interact with the other blades.
This phenomenon is connected to the geometry of the airfoil used in the blade. In other
studies in which NACA profiles were used (see references [5,21,33,34]), this interaction
was very strong, which directly affected the generated power of the turbine. Although
both techniques predicted the same behavior of the vorticity, the overset mesh presented
a higher resolution, details of the vortices, and unsteadiness of the flow in the near and
far wake.
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Figure 11 shows a comparison of the instantaneous velocity magnitude contour of
the flow near to the turbine at an azimuthal angle of 15◦ for both SM and OM at TSR = 2.
It was observed that close to the surface of the blades the gradients of the velocities were
correctly predicted by both methods. The main differences were related to the resolution
of the wake of the blades and the wake of the turbine. OM showed a better resolution
of the wake of the turbine including the unsteadiness of the shear layers in the edge of
the wake. This observation was completely smeared out in the case of SM. In general,
the width of the wake is always larger in SM than OM; this is in agreement to the higher
CM results in the SM technique. Similar observations can be done for the instantaneous
pressure fields, which are shown in Figure 12. The distribution of pressure along the blades
surface looked very similar between both models. For SM, the position of the interface
between the stationary and rotating mesh seemed to have an impact on the definition of
the pressure gradients. It was very clear that the definition of the low-pressure regions
related to the shed vortices was better captured by the OM technique.
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5. Conclusions

A comparison of two of the most common dynamic mesh techniques used in CFD
applied to the modelling of hydrokinetic turbines was presented and discussed. For this
comparison, two CFD models were implemented, one using the sliding mesh technique
and the other one using the overset mesh technique. For a fair comparison, both models
were two-dimensional and several parameters were kept similar in both models such as
computational domain size, boundary conditions, turbulence model, turbine size, blade
geometries, total number of elements, and grid resolution (y+) close to the blades’ surface.
The implemented model was based on a 1-kW hydrokinetic turbine design by e.Ray
Europa GmBh with the purpose to be used in rivers of low to medium stream current
velocities. Since little information was found in the literature regarding best practices for
mesh generation and convergence analysis when using dynamic meshes, the present paper
proposed a first approximation in this direction for both SM and OM techniques.

Numerical results of the convergence analysis for both (SM and OM) techniques
showed an asymptotic tendency in their results with meshes higher that 200 k elements,
but with a difference of approximately 15% in the predicted torque. An interesting observa-
tion was that the OM method had a faster convergence than SM. Regarding the prediction
of the performance of the turbine at different TSRs, both techniques predicted comparable
results. It was observed that the SM technique tended to predict higher values of the torque
and the power coefficient in comparison to OM. It was also clear that the SM technique
predicted a peak in the torque at a TSR of 1.5, while, for the OM method, the peak occurred
at a higher TSR (1.75). Both methods also agreed in the tendency and shape of the CP curve,
and the prediction of the peak performance of the turbine was very similar and close to
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a TSR = 2. The maximum power coefficient predicted by both methods was close to 0.35,
which is a value typically expected for small-size VATs.

Regarding the resolution of flow dynamics’ properties such as vorticity, velocity,
and pressure fields, the OM technique showed better performance than SM. The dynamics
of the wake including the width of the wake and the unsteadiness were better captured
with the OM technique using the same number of elements. Regarding the computational
cost, it was found that, for a TSR = 2, using the same numerical setup and approximately
the same number of elements, the CPU time of OM was approximately 10% higher than
that of SM.
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