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Abstract. In the present study, numerical investigation is performed on a H-Darrieus wind
turbine under turbulent flow conditions. The turbine contains 3 rotor foils, NACA-0012 with
0° angle of attack, placed at 120° apart from each other, with rotor casing close to the airfoil.
The inlet is considered to be velocity inlet and outlet to be pressure outlet while the side walls
are given symmetric boundary conditions, as the walls are considered to be infinity. The
airfoils are rotating at 150 R.P.M.. The meshing is done using Hexa-Dominant element to
capture the flow very precisely and inflations are given wherever necessary. The problem is
considered as two-dimensional, and the analysis of the model under the condition of turbulent
flow is modeled using S.S.T-k-o turbulence model. Simulation is performed using finite
volume solver Ansys Fluent 2019-R2. The performance of the H-Darrieus wind turbine is
analyzed, by varying the wind speed and turbine rotational speed. The further investigations
are performed by comparing the flow characteristics between a stationary and rotating turbine.
The results are analyzed by plotting the streamlines, velocity and pressure contours. The flow
is analyzed at 6m/s, 8m/s, 10m/s as inlet freestream velocity and also by varying the rotor
dimension, which was initially made as small as possible. The results indicate that the wind
speed and rotational speed significantly influences the significant aero characteristics of the
model of the wind turbine. The present results are validated and are in good accord with the
benchmark results available in literature.

1. Introduction

Off-Shore wind turbines are a crucial part in harnessing renewable energy for producing electricity by
the principle of dynamo. The airfoils play major role as it causes air separation which in turn is
responsible for lift force and drag force. The flow is at a very low Reynolds number but still
turbulence will occur. Several types of turbines are available like VAWT, HAWT and many
researches are still being done to harness the wind energy by affecting the stall angles and vortex
generators. Rosario et al. [1] did a study on a 2-D CFD code was used to investigate adverse pressure
gradient and performance prediction of the turbine by using URANS model [1,2]. Results were
compared to an experiment done in a wind turbine and results were seen to be promising. Marco et al.
[3] study was based on a 3 bladed rotor NACA 0021. They investigated quantities like angle of attack,
rotor torque, tangential and normal forces, stall angles were put to test [3-4]. Flow inspection and
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study was majorly near the surface of airfoil, tip precisely, for better understanding of vertical-axis
turbines.

Nigam et al. [5] did a 2-D study on HAWT, conducted to visualize lift and drag forces [5] for better
prediction in performance using k-w SST model using NACA 63-221 airfoil. The results obtained
were compared with experimental results which showed that velocity is more on upper surface of
airfoil. Lanzafame et al.[6] considered a 3-Dimensional model of HAWT to investigate the
performance and evaluate capabilities (BEM Theory) using 2 equation model, SST k-w. Ion [7] did
research extensively on Vertical axis turbine and different ideas and implementing then to analyze the
efficiency of the turbine in different conditions for getting the maximum efficiency possible. Similar
tests on three bladed vertical Axis Turbine were reported in literature [8-11]. A 2D model of H-
Darrius Wind Turbine seen in figure 1 and 2 was made by using NACA 0015 airfoil, place at 120°
apart from each other at 0 AOA. The model was scaled down. The diameter of rotor isl4mm and the
inlet is taken to be approximately 3 times the dimension of the diameter away from the point of center
of rotor, which is considered as the point of reference , while the outlet is relatively placed 8 times the
diameter of rotor for capturing the effect of rotor accurately. The height of enclosure is 60 mm and is
symmetrical about X-axis.

walls
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Figl. Domain of the rotor to be analyzed using Sliding Mesh Technique
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Fig.2 Computational domain with H-Darrieus wind turbine

2. Mathematical modelling-

The following research is carried out by Finite Volume Method (F.V.M). Air is supposed to be
flowing with a provided velocity in the simulation, infinitely. The respective study is done by a 2
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equation model, which is used to study the variation of pressure and velocity distributions on the
airfoil considering turbulent effects. The equations used to solve the model are as follows:

® Continuity Eq.-

dp Odpu Jdpr dpw

=0
at dx dy oz (1)
® Momentum Eq.-
X momentum:;
dpu . dpuu , dpuv . dpuw ap 1 0txx , 0txy . 01Xz
gpr — P4 = 2
0t+6x+6y+62 0x Re " 0x 6y+az} ()
Y momentum:
dpv | dpvu  dpvv  Odpvw __ ap 1 Otyx , Otyy , Otyz
6t+6x+6y+az_ dy Re{6x+6y+az} (3)
Z momentum:
dpw = dpwu , dpwv = dpww ap 1 O0tzx , Otzy , O01zz
= —— 4+ — 4
6t+6x+0y+az dz Re 6x+6y+6z} ()

For Meshing seen in figure 3 and 4, structured grid was used and de-feature sizing was closed.
Inflation layer was given near the surface of airfoil for capturing the physics precisely as the rotor
rotates. The mesh connections were created manually at the interface so the air passes through the
rotor, and doesn’t treat it like a solid body. The total mesh was about 2 lakhs with element size as
Imm. Coupled solver was used for convergence study with a time step of 0.01s and the second
order technique was used.

Figure 3 Inflations around the airfoil Figure 4 Structured Meshing
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Fig. 5 Pressure vs Time and Velocity vs Time

Velocity Inlet = 6m/s

Velocity Inlet = 8m/s

Velocity Inlet = 10m/s

Fig. 6 Contour Plots of Pressure, Turbulent K.E. and Velocity w.r.t different inlet velocities streams
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3. Results and discussions

Figure 5 indicates the variations of pressure, turbulent kinetic energy and velocity distributions in the
upstream as well as in the downstream side of the modeled turbine for three different inlet velocity
values (6/8/10 m/s) . The complete analysis shown is for a 360° revolution of airfoil take the leftmost
point of the rotor as the point of analysis i.e. (0.007, 0, 0) where all dimensions are in meter. The
comparison of turbulent K.E. in the above figure indicates that the intensity of turbulent K.E.
significantly increases with an increase in inlet velocity at the downstream side of the wind turbine.
This is due to the increase in downstream wake generated due to the flow separation. It is also
observed that the pressure distribution intensity is highest for an inlet flow velocity of 10 m/s when
compared to 6,8 (m/s) velocity . The velocity contours indicates the vortex shedding pattern at the
downstream side of the modeled turbine and the velocity distributions increases with increase in inlet
flow velocity. Moreover, for a high velocity of 10 m/s the flow patterns are attached along the surface
of the wind turbine and this is due to the highly turbulent flows generated at high flow velocities.
Figure 6 indicates the variations of pressure and velocity for the transient time considered in the
present study. The analysis was setup for a time period of 1 sec, by analyzing the pressure and
velocity of each airfoil by changing the angle by 2.7° consistently. It is observed that the magnitudes
of pressure and velocity values increases with increase in inlet flow velocities. The trend also
indicates that the turbulent flow is highly non-linear and the average pressure distribution near the
wind turbine is increased by 48% and 63% for inlet flow velocities of 8,10 (m/s) in comparison to 6
nmv/s. Similarly with the increase in the inlet velocity increases the velocity distributions near the wind
turbine by 42% and 57% for inlet flow velocities of 8§ m/s and 10 m/s.

4. Conclusions

The numerical study is carried out on a H-Darrieus wind turbine under turbulent inlet flow conditions
of 6,8,10 m/s. The turbine is designed with three rotor foils of NACA-0012 with 0° angle of attack
placed at 120° apart from each other, with rotor casing close to the airfoil. The inlet is considered to
be velocity inlet and outlet to be pressure outlet while the side walls are given symmetric boundary
conditions, as the walls are considered to be infinity. The airfoils were considered rotating at 150
R.P.M. The problem is formulated as two-dimensional flow and the turbulent flow is modeled using
S.S.T. k-0 turbulence model. The aero performance of H-Darrieus wind turbine is investigated by
varying the wind speed and turbine rotational speed. The comparison of turbulent kinetic energy
indicates that the intensity of turbulent kinetic energy increases with increase in inlet velocity at the
downstream side of the wind turbine. This is due to the increase in downstream wake generated due to
the flow separation. It is also observed that the pressure distribution intensity is highest for an inlet
flow velocity of 10 m/s when compared to 6 and 8 (m/s). Moreover, for a high velocity of 10 m/s the
flow patterns are attached along the surface of the wind turbine and this is due to the highly turbulent
flows generated at high flow velocities. The results indicate that the turbulent flow is highly non-
linear and the average pressure distribution near the wind turbine is increased by 48% and 63% for
inlet flow velocities of 8 m/s and 10 m/s in comparison to 6 m/s. Similarly the increase in inlet
velocity increases the velocity distributions near the wind turbine by 42% and 57% for the inlet flow
velocities of 8 m/s and 10 m/s. The results from the present study will be useful in designing H-
Darrieus wind turbine with improved aerodynamic performance suitable for renewable energy
applications.
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