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1. Introduction

Nowadays, wind turbines is a controversial subject
among researchers. Wind turbines, based on the
rotational axis direction, are separated into
horizontal axis wind turbines and vertical axis
wind turbines. In the horizontal axis wind turbine
type, the rotational axis is parallel with the earth,
and in the vertical axis wind turbine, the rotational
axis is perpendicular to the earth surface. The
vertical axis wind turbines are desirable choices
for urban areas. The vertical axis wind turbines
could be used in several places such as at the top
of the roof, beside railways and highways. Many
studies have been conducted to investigate the
operation of these turbines on the highway for
harnessing the energy which is stored in the wake
of wvehicles. The vertical axis wind turbine is
separated into two different types for instance
drag-based (Savonius) and lift-based (Darrieus).
Darrieus wind turbines have high efficiency in
comparison with Savonius wind turbines. On the
contrary, Darrieus wind turbines are weak in self-
starting capability in comparison with Savonius
wind turbines.

In this study, the operation of Darrieus wind
turbine on the one-way highway was measured by
simulating the turbine beside the highway. The
CFD method is used by utilizing the URANS
method. In order to model the rotation of the
turbine, the sliding mesh method was used.
Moreover, the dynamic mesh technique was
applied to simulate the vehicle movement. First of
all, mesh independency was evaluated. After that,
the validation of the present work was performed.
Furthermore, the effect of the vehicle on the
turbine was assessed at different tip speed ratios.

2. Case Study

Specifications of the 4-blade Darrieus wind turbine
which is considered in this study are shown in
Table 1.

Table 1. Turbine specifications

Feature Value

Radius of the rotor (R) [m] 0.515

Number of blades 4
Blade profile NACA 0021
Swept area [m?] 1.03

Blade chord [m] 0.0858

The computational domain and boundary
conditions that was applied in this simulation is
shown in Figure 1.
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Figure 1. Computational domain

3. Mesh Independency and Validation

In  the numerical simulation, the mesh
independency plays a substantial role in time in
terms of time-consuming and of results accuracy.
Therefore, the mesh independency should be
prepared. The mesh independency is illustrated in
Figure 2. Consequently, in order to decrease the
time solution and enhance the outcome accuracy
the fine mesh was selected for simulations.

0.25

7™
AL

0.2 -
\
I\
oy

0.15

b
.

)
01 \ ‘ Fine mesh
. [

= = = High mesh
0.05 4
.
= /

N, — - Coarse mesh
.

0

-

-0.05

-0.1

128 178 228 278 328 378 428 478

Figure 2. Mesh independency
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The domain (Figure 1) is used to validate the
numerical simulation. Power coefficients of the
present study were compared with experimental
outcomes that were created by Raciti Castili. The
validation is shown in Figure 3. As Figure 3 shows,
the results of the present study are in line with
experimental results.
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Figure 3. Validation

4, Computational Domain

In the next stage, the turbine beside a highway was
simulated. The proposed computational domain is
shown in Figure 4. For the purpose of simulating
the rotation of the turbine and vehicle movement,
the sliding mesh and dynamic mesh technique
were used, respectively. The velocity of the
vehicle is 32 meter per second.

; SYMMETRY ;

F

o 80.00 2
'5 . a0 ) 5.
€ i B >
.E (1] %'

£ SYMMETRY :

Figure 4. Computational domain and boundary conditions

5. Results

For the aim of evaluating the turbine performance
on the highway, the toque coefficient of the turbine
against the time at several tip speed ratios were
examined according Figure 5. According to Figure
5, the turbine torque coefficient at A = 0.644 has
a better operation compared to the other tip speed
ratios.
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Figure 5. Torque coefficient against time

6. Conclusion

The mean power coefficient of the turbine versus
tip speed ratios is demonstrated in Figure 6. As
Figure 6 shows, the power coefficient of the
turbine has a rising trend firstly and after the power
coefficient touches the maximum value at 1=
0.644 the trend of the power coefficient starts to
decline. Consequently, the optimum tip speed ratio
is 1 =0.644 in which the power coefficient is
maximum.
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Figure 6. Power coefficient against time
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