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at 80 m height. The assessment technique was based on the two-parameter Weibull
distribution function over three recent consecutive years (2018-2020) while aiming to
establish the potentiality of the wind as a source of power generation in these sites.
The results demonstrate that the monthly highest mean wind speeds were 4.42 m/s,
2.96 m/s and 2.17 m/s at Melaka, Kuantan and Chuping, respectively. The highest most
probable wind speed was 4.70 m/s and the wind speed carrying maximum energy was
1.74 m/ both speeds occurred at Maleka in 2019. The yearly highest Weibull shape
parameter was 1.69 and the scale parameter was 2.96 m/s. Among the three stations,
Melaka has shown the highest wind power potentials with an average value of 26.10
W/m?2 followed by Kuantan with 12.71 W/m? and Chuping with 6.80 W/m?2 wind power
density. The corresponding wind energy densities were 595.58 kWh/m2/year, 111.37
kWh/m2/year and 228.65 kWh/m2/year for Chuping, Kuantan and Melaka station,

Keywords: respectively. The prevailing wind directions are northeast at both Kuantan and Melaka
Assessment; Wind potential; Weibull station, west and southwest direction at Chuping station. It is therefore concluded that
distribution; Chuping; Kuantan; Melaka; the potentiality of the wind power of the sites covered in the present study is only
Malaysia feasible for small-scale power generations.

1. Introduction

Renewable energy sources such as solar, hydro, geothermal and wind are receiving more
attention nowadays from researchers, manufacturers, policymakers and developers as they are
becoming promising alternative sources of energy. They are being explored and considered globally
in the effort to decrease the dependency on fossil fuels which are depleting, finite, producing GHG
emissions and rising in price [1,2]. In particular, wind energy is considered one of the fastest-growing
and used among the renewable energy sources which can produce electricity without any harm to
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the environment [3,4]. This is because wind energy is clean, renewable and possesses economically
viable characteristics [5]. The current advancement in windmill technologies for design and
development made the production of electricity through wind turbines more efficient than ever
before with an economically viable process [6, 7]. Thus, in order to get the utmost benefits from the
energy that comes from wind resources, further investigations are needed for the economic
utilization of wind energy. Wind turbines have a good potential to be developed in the future as the
wind flows continuously around us to make it a better choice compared to solar power generation
and fossil fuel [8,9]. Wind turbines are a better solution for large-scale applications such as the
national grid for commercial-scale power production. There are two common types of wind turbine
designs which are horizontal-axis and vertical-axis wind turbine. The vertical axis wind turbine is
claimed as the most economical wind turbine model because it is relatively efficient, quiet, suitable
to set up at any place and it can operate well in the turbulent wind [10-12]. While another design
which is the horizontal axis wind turbine is the most built wind turbine ever created. It can generate
electricity more than a vertical axis wind turbine but has a heavier weight and may not able to operate
well in the turbulent wind [13]. The factor of heavier weight can cost more to undergo maintenance
and do the set-up process. Wind turbines basically generate electricity by converting kinetic energy
to mechanical energy. Then, a generator will convert the mechanical energy to electric energy. Wind
turbines can generate electricity when the rotors capture the wind flow [14]. As the wind flows, the
rotor or blade will rotate continuously when the wind is present. A shaft that is connected to the
rotor and generator will spin to generate electricity. Wind turbines can also be used at home, school,
or office to supply electricity sufficiently in our daily lives.

In Malaysia, the primary energy demand is highly dependent on the technology utilized as well
as the price of fuels used in providing the energy to the various sectors. Therefore, the energy
demand is more sensitive due to the changes in energy type, price of fuels which are used at different
industries or sectors and the pace of technological change which can impact directly or indirectly on
the energy demand and supply. As such, the energy prices and government policies will influence the
pace of deployment and development of new technologies and taking into account the global market
conditions and economic factors.

The wind is a form of solar energy that made is of the uneven heating of the sun to the
atmosphere, the irregularities of the earth's surface and rotation of the earth [15]. The amount of
wind energy varies according to the cube of wind speed. Therefore, it is important to understand the
characteristic of the wind source in every aspect of wind energy exploitation starting from the
identification of suitable sites and the design of wind turbines for the prediction of the economic
viability of wind farm projects. It is also important to understand their effect on electricity distribution
networks and consumers [16]. The potential of wind energy for a site is typically determined by the
strength of the wind in the site of interest. Wind speed persistence and wind speed frequency are
varying significantly at the very same terrain due to wind regime characteristics and that may lead to
varied power output. Malaysia has two different main seasons, which are the southwest monsoon
(May to September) and northeast monsoon (October -March). In other words, Malaysia has a non-
uniform flow of wind and experience low-speed wind. Only certain places or areas in Malaysia
experiencing strong wind. The success of a wind power project before the start is related to two
things; the proper site assessment and choosing the appropriate wind turbine for the particular site.
There are numerous numerical and statistical methods used to evaluate the wind potentials of a site
since the meteorological wind speed data alone not sufficient to give an accurate appraisal. Among
the widely used techniques is the two-parameter Weibull distribution method for its simplicity,
suppleness and accuracy to fit the meteorological data [17-20].
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Thus, in this study, the two-parameter Weibull distribution function is adopted to establish the
potentiality of the wind characteristics as a source of power generation in the three geographically
different stations in Malaysia, namely Chuping station in the state of Perlis, Kuantan station in Pahang
and Melaka station in the state of Melaka.

2. Data and Site Description

The data in this study are collected from the Department of Meteorology Malaysia. The data
involves three meteorological stations located at three different geographical states in Malaysia. The
Chuping station is located in the states of Perlis, meanwhile, Kuantan station and Melaka station are
available at the states of Pahang and Melaka, respectively, as shown in Figure 1. These stations are
chosen for study because of the existence of future potential renewable energy envisioned by the
local government besides the population density and tourist attractions. Thus, the results achieved
are of significant importance in showing stakeholders the potentials of these sites at different
altitudes and the prevailing directions of the wind. The data was collected recently based on daily
average data for a period of three consecutive years starting from 2018 and 2020. The details of the
sites chosen for this study are shown in Table 1.

K A

N

Pahang i
West Malayya

Fig. 1. Selected sites in the map of Malaysia

Table 1
Details of the stations
Station name Station ID Latitude Longitude Elevation

Chuping 48604 6°29'N 100°16'E 21.7m
Kuantan 48657 3°46'N 103°13'E 152 m
Melaka 48665 2°16'N 102°15'E 85m

Moreover, the data have been adjusted to cover the variations of wind velocity with altitudes
using the 1/7th wind profile power law given in Eq. (1). This equation predicts that the wind velocity
increases proportionally to the seventh root of the altitude. The present analysis was adjusted to
cover wind speed at 80 m since most of the existing wind turbines are installed at higher altitudes.
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v, =ve(2) (1)

Zo

where v, is the desired wind speed at height z, v, is the available wind speed at height z, typically at
10 m altitude. Meanwhile, « is a coefficient that varies based on the stability of the atmosphere. For
neutral stable conditions, a value of 1/7 is used which has also been adopted in this study.

3. Data and Site Description
3.1 Weibull Distribution Function

The analysis procedures in this study involve the use of the statistical two-parameter Weibull
distribution function. It is commonly used in the assessment of wind power potentiality of a site due
to its renowned simplicity, suitability, flexibility and commendable accuracy to reveal the wind
characteristics of the particular topography chosen for the study. This method estimates two main
parameters which are the dimensionless shape function and scale function of the Weibull distribution
which are responsible for the wind potentials characterizations of the site. The shape parameter
which is shown in Eq. (2) reveals the stability and distribution of the wind at the potential site, while
the scale parameter which is given in Eq. (3) indicates the strength of the wind at the site.

k = (—)_1'086 (1<k <10) 2)

i ewey (3)

where U is the average is wind speed, o is the variance and I is the gamma function. The average
wind speed and the variance are calculated through the expressions given in Eq. (4) and Eq. (5).

7= kv (4)

o= [ﬁ (v - 17)%] (5)

Moreover, the Weibull distribution function describes the frequency of wind speed distribution
and wind energy density using the probability density function which is shown in Eq. (6) and the
cumulative distribution function which is given in Eq. (7). These two functions also depict the
variations of the wind speed of the site. The probability density function shows the probability where
the wind speed prevails at a certain direction and the cumulative distribution function shows the
probability whereby the wind velocity is equivalent to the average velocity or lower.

=) e[~ ()] ®

F)=1— e (7)

where v, is the average wind speed, c and k are the Weibull scale and shape parameters, respectively.
Furthermore, the most frequent or probable wind velocity and the wind velocity that carries the
maximum energy can also be estimated using this shape and scale parameters of the Weibull
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functions. Thus, the most probable wind velocity and the wind velocity that carries the maximum

energy are expressed as shown in Eq. (8) and Eq. (9).
1

Ump = C (1 + %)% (8)

1

Umax.e = € (1 + %)E (9)

In terms of power, the theoretical wind power available in the air through a blade swept area, A
is proportional to the cube of the velocity and it is given as in Eq. (10). However, the wind power
density and wind energy density based on Weibull parameters are given as in Eq. (11) and Eq. (12).

P(v) = %Apv3 (10)
7 = bt () ay
E 1 k+3

=30 ()7 12)

where p is the air density (1.225 kg/m3) at sea level and T is the desired time.

4. Results and Discussion
4.1 Seasonal Variations of Wind Speed

The average wind speed variations throughout the different seasons of the year are discussed in
this section. Figure 2 shows the seasonal wind speed variations at 80 m height above the ground over
the three year-period studied in Melaka station. It is evident that the monthly average wind speed
varies significantly from one season to another. The Southwest monsoon which is from May to
September shows the lowest wind speed while the Northeast Monsoon which is from October to
March exhibits the highest seasonal prevailing winds. This variation is in the range of about 1 m/s
and 4.5 m/s. The lowest wind speed is found in the month of May and increases gradually until the
highest wind occurs in January. However, the variation of the wind speed in terms of the different
years covered is insignificant. A similar trend is observed for the Kuantan station with the highest
wind velocity is noticed in the month of February, as shown in Figure 3. However, in Chuping station,
the lowest and highest winds are observed in October and December, respectively with a decreasing
trend starting from April until October, as shown in Figure 4. Furthermore, Figure 5 compares the
seasonal variations of all sites over the three years under study. It is clear that Melaka station
possesses the better potentiality of wind compared to the other stations with Chuping station
displaying the weakest wind speeds. The yearly mean wind variation in Chuping is between about 1
m/s and 2.3 m/s and between 2.5 m/s to 2.9 m/s in Kuantan, for the lowest and highest wind speeds,
respectively.
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Fig. 4. Yearly seasonal variation in Chuping

4.2 Variations of Monthly Shape and Scale Weibull Parameters

In this section, the Weibull dimensionless shape parameter, k and scall parameter, c for all the
stations through the three-year are presented, as shown in Table 2. The shape parameter describes
the stability and distribution of the wind at the site and the scale parameter indicates the strength of
the wind at the site under study. As expected, the monthly shape parameter and scale parameter
variations in Melaka were the highest followed by Kuantan and Chuping. The shape parameter
variations in Melaka, Kuantan and Chuping are between 1.43 and 2.21, 1.18 and 1.81 and 1.02 and
1.55, respectively, which signifies that the distributions of the wind in Melaka are more stable
compared to the other two stations. In terms of the scale parameter which has a velocity unit and it
is always greater than the average wind velocity, it ranges between 2.03 m/s and 5.00 m/s in Melaka
and between 1.34 m/s and 3.33 m/s in Kuantan and between 0.98 m/s and 2.41 in Chuping,
respectively for the lowest and highest, which again indicates that the wind Melaka is stronger than
Kuantan and Chuping wind.
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Table 2
Monthly Weibull parameters (k, c)
Month  Parameters  Chuping Kuantan Melaka
2018 2019 2020 2018 2019 2020 2018 2019 2020
Jan k 1.46 142 151 1.73 1.70 1.76 2.11 221 2.00
c 2.15 201 2.29 3.05 2.95 3.15 4.54 5.00 4.08
Feb k 1.48 1.52 143 1.73 1.65 1.81 2.02 1.99 2.05
c 2.20 234 2.05 3.04 2.75 3.33 4.17 4.05 4.29
Mar k 1.27 133 1.21 1.56 1.54 1.59 1.70 1.69 1.70
c 1.58 1.75 141 2.46 2.38 2.55 2.92 2.89 2.95
Apr k 1.17 1.13 1.21 1.45 1.42 1.48 1.55 1.53 1.56
c 1.32 122 141 2.09 2.00 2.18 241 2.37 2.45
May k 1.18 116 1.21 1.28 1.37 1.18 1.44 1.45 1.43
c 1.34 128 141 1.60 1.87 1.34 2.06 2.09 2.03
Jun k 1.13 1.05 121 1.32 1.41 1.22 1.50 1.49 1.50
c 1.22 1.02 141 1.72 1.99 1.45 2.25 2.23 2.27
Jul k 1.13 1.07 1.19 1.26 1.30 1.23 1.49 1.55 1.43
c 1.22 1.07 1.37 1.56 1.67 1.46 2.24 2.43 2.05
Aug k 1.11 111 111 1.23 1.23 1.23 1.52 1.52 1.52
c 1.16 1.16 1.16 1.47 1.47 1.47 2.31 2.31 231
Sep k 1.10 1.09 111 1.33 1.33 1.33 1.51 1.53 1.49
c 1.14 112 117 1.73 1.74 1.73 2.29 2.35 2.23
Oct k 1.05 1.06 1.03 1.29 1.28 1.30 1.49 1.47 1.51
c 1.01 1.05 0.98 1.63 1.62 1.65 2.23 2.18 2.29
Nov k 1.23 1.20 1.26 1.42 1.40 1.45 1.92 1.93 191
c 1.47 1.38 1.56 2.02 1.95 2.10 3.76 3.80 3.73
Dec k 1.53 1.51 1.5 1.74 1.73 1.75 1.96 1.94 1.99
c 2.35 230 241 3.09 3.05 3.13 3.95 3.85 4.04

4.3 Wind Power and Energy Density

In this section, the wind power density, wind energy density, most probable wind velocity and
the wind velocity which carries the maximum energy are discussed. The figures which present the
power densities for all the stations tend to show similar trends to the wind velocity figures. This is
because the wind power rises proportionally with the cube of the wind velocity. Thus, the highest
power densities in Melaka were observed during the northeast monsoon and the lowest in the
southwest monsoon with corresponding power values of 72 W/m? and 12 W/m?, respectively, as
shown in Figure 6. Meanwhile, these values are 28 W/m? and 6 W/m? in Kuantan and about 15 W/m?
and 3 W/m? in Chuping for the highest and lowest power densities, respectively, as shown in Figure
7 and Figure 8. Comparing the average power densities with respect to all stations covered, Melaka
stations demonstrate the highest power density in all months of the year and Chuping shows the
lowest potentiality of wind power, as shown in Figure 9.

Moreover, Table 3 shows a summary of all Weibull parameters based on annual average values.
It is perceived that the annual average most probable wind speed in Chuping varies between 3.26m/s
and 3.33 m/s and between 3.86 m/s and 3.89 m/s in Kuantan and between 4.63 m/s and 4.70 m/s in
Melaka station. Furthermore, the corresponding highest wind energy density was 228.64 kWh/m?
per year and it is found in Melaka station, while the lowest was 54.42 228.64 kWh/m? per year and
it is observed in Chuping station. This indicates that Melaka station could possibly be promising for
small-scale power generation using small-scale wind turbines which will add more economic
benefits compared to the other two stations.
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Table 3
Yearly mean site characteristics at 80 m height
Parameters  Chuping Kuantan Melaka
2018 2019 2020 2018 2019 2020 2018 2019 2020
v 141 1.38 145 193 1.92 1.93 2.62 2.65 2.59
o 039 041 0.38 0.53 0.46 0.63 0.79 0.84 0.76
k 1.24 1.22 1.25 145 1.45 1.44 1.68 1.69 1.67
c 151 1.47 155 212 2.12 2.13 2.93 2.96 2.89
Vmp 3.29 3.26 3.33  3.87 3.86 3.89 4.66 4.70 4.63
Vmax, £ 0.4 0.36 043 0.94 0.94 0.94 1.71 1.74 1.68
P/A 6.49 6.21 6.80 1259 1248 1271 2540 26.10 24.73
E/A 5688 5442 5955 1102 1093 1113 2225 2286 2166
9.09 8.5 8.15 59.77 3959 7479 37.97 49.38 04.69

4.4 Weibull Distribution and Cumulative Distribution

The annual mean values of the Weibull shape parameter and scale parameter for all stations are
presented in Table 2. The variation of these two parameters over the years within the same station
is not significant but between the different stations is tremendous. Thus, the highest shape
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parameter value obtained is 1.69 and it has occurred in Melaka station and the lowest was obtained
in Chuping and it is 1.22. similarly, the highest and lowest scale parameters were obtained within the
same stations with the corresponding values of 2.96 m/s and 1.47 m/s, respectively. Moreover,
Figure 10 and Figure 11 show the Weibull probability distribution function and the Weibull
cumulative distribution function of all stations under study. The frequency figure illustrates that all
stations have a similar trend of frequency against the wind velocity. The highest frequency of wind
velocity occurs in the ranges of 1 — 2.5 m/s, which signifies the range of potentiality of wind speeds
in these sites.
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Fig. 10. Frequency for all sites Fig. 11. Cumulative frequency for all sites

4.5 Polar Diagrams

Figure 12 to Figure 14 show the prevailing wind directions at 10 m height at Melaka, Kuantan and
Chuping meteorological stations, respectively. It is noticeable that Melaka and Kuantan stations have
a similar trend in terms of the prevailing wind direction. The wind in these two stations mostly blows
in the northeast direction. However, at Chuping station, the wind diverges in several directions while
dominating slightly in the west and southwest direction. It is also observed that the wind speed at
Melaka and Kuantan station is stronger and covered more ranges of wind speed compared to
Chuping station.
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4. Conclusions

In this study, the assessment of wind energy potentials of three different stations located in three

major states in Malaysia has been analyzed. The evaluation was performed based on the two-

parameter Weibull distribution function for a period of three years of daily-averaged data. The main
concluding points are summarized as below

The analysis has shown that the monthly mean wind speed is higher during the northeast
monsoon and lowest during the southwest monsoon throughout all stations. The highest
mean wind speeds were found in Melaka followed by Kuantan and Chuping with a wind
velocity of 4.42 m/s, 2.96 m/s and 2.17 m/s, respectively.

The annual mean wind velocity throughout the three years studied at the three stations is
1.41m/s,1.92 m/s and 2.62 m/s, respectively for Chuping, Kuantan and Melaka. This indicates
that a small-scale vertical axis wind turbine could be effective for small power generation at
Melaka station. Thus, the most probable wind speed and wind speed carrying maximum
energy were found both at Melaka station with 4.70 m/s and 1.68 m/s in the year 2019 and
2020, respectively.

The annual maximum wind power density was 6.80 W/m?in Chuping, 12.71 W/m? in Kuantan
and 26.10 W/m?in Melaka. Meanwhile, the annual maximum wind energy density was 595.58
kWh/m?/year, 111.37 kWh/m?/year and 228.65 kWh/m?/year for Chuping, Kuantan and
Melaka station, respectively.

The prevailing wind direction is northeast at both Kuantan and Melaka station, while it

diverges in several directions while dominating slightly in the west and southwest direction
at Chuping station.

11



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 86, Issue 1 (2021) 1-13

Acknowledgement
Communication of this research is made possible through monetary assistance by Universiti Tun
Hussein Onn Malaysia and the UTHM Publisher’s Office via Publication Fund E15216.

References

(1]

(2]

3]

(4]

(5]

(6]

(7]
(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

Alquraishi, Balasem Abdulameer, Nor Zelawati Asmuin, Sofian Mohd, Wisam A. Abd Al-Wahid, and Akmal Nizam
Mohammed. "Review on Diffuser Augmented Wind Turbine (DAWT)." International Journal of Integrated
Engineering 11, no. 1 (2019).

Jaat, Norrizam, Amir Khalid, Norrizal Mustaffa, Fathul Hakim Zulkifli, Norshuhaila Mohamed, Ridwan Saputra Nursal
Sunar, Mahmod Abd Hakim Mohamad, and Djamal Didane. "Analysis of Injection Pressure and High Ambient
Density of Biodiesel Spray using Computational Fluid Dynamics." CFD Letters 11, no. 1 (2019): 28-41.

Halmy, Muhammad Syahmy Mohd, Djamal Hissein Didane, Lukmon Owolabi Afolabi, and Sami Al-Alimi.
"Computational Fluid Dynamics (CFD) Study on the Effect of the Number of Blades on the Performance of Double-
Stage Savonius Rotor." CFD Letters 13, no. 4 (2021): 1-10. https://doi.org/10.37934/cfdl.13.4.110

Loutun, Mark Jason Thomas, Djamal Hissein Didane, Mohd Faizal Mohideen Batcha, Kamil Abdullah, Mas Fawzi
Mohd Ali, Akmal Nizam Mohammed, and Lukmon Owolabi Afolabi. "2D CFD Simulation Study on the Performance
of Various NACA Airfoils." CFD Letters 13, no. 4 (2021): 38-50. https://doi.org/10.37934/cfdl.13.4.3850

Didane, Djamal Hissein, Siti Masyafikah Maksud, Mohd Fadhli Zulkafli, Nurhayati Rosly, Syariful Syafiq Shamsudin,
and Amir Khalid. "Performance investigation of a small Savonius-Darrius counter-rotating vertical-axis wind
turbine." International Journal of Energy Research 44, no. 12 (2020): 9309-9316. https://doi.org/10.1002/er.4874
Didane, D. H., S. Mohd, Z. Subari, N. Rosly, MF Abdul Ghafir, and MF Mohd Masrom. "An aerodynamic performance
analysis of a perforated wind turbine blade." In IOP Conference Series: Materials Science and Engineering, vol. 160,
no. 1, p. 012039. IOP Publishing, 2016. https://doi.org/10.1088/1757-899X/160/1/012039

Mohamed, Abdel-Aziz Farouk Abdel-Aziz. "Hybrid Nanocrystal Photovoltaic/Wind Turbine Power Generation
System in Buildings." Journal of Advanced Research in Materials Science 40, no. 1 (2018): 8-19.

Cho, Whang, Kooksun Lee, Ick Choy, and Juhoon Back. "Development and experimental verification of counter-
rotating dual rotor/dual generator wind turbine: Generating, yawing and furling." Renewable Energy 114 (2017):
644-654. https://doi.org/10.1016/j.renene.2017.06.083

Al-Ghriybah, Mohanad, Mohd Fadhli Zulkafli, Djamal Hissein Didane, and Sofian Mohd. "Review of the recent power
augmentation techniques for the Savonius wind turbines." Journal of Advanced Research in Fluid Mechanics and
Thermal Sciences 60, no. 1 (2019): 71-84.

Pagnini, Luisa, Giuseppe Piccardo, and Maria Pia Repetto. "Full scale behavior of a small size vertical axis wind
turbine." Renewable Energy 127 (2018): 41-55. https://doi.org/10.1016/j.renene.2018.04.032

Didane, D. H., S. M. Maksud, M. F. Zulkafli, N. Rosly, S. S. Shamsudin, and A. Khalid. "Experimental Study on the
Performance of a Savonius-Darrius Counter-Rotating Vertical Axis Wind Turbine." In IOP Conference Series: Earth
and Environmental Science, vol. 268, no. 1, p. 012060. IOP Publishing, 2019. https://doi.org/10.1088/1755-
1315/268/1/012060

Didane, Djamal Hissein, Muhammad Amir Zafran Saipul Anuar, Mohd Faizal Mohideen Batcha, Kamil Abdullah, Mas
Fawzi Mohd Ali, and Akmal Nizam Mohammed. "Simulation Study on the Performance of a Counter-rotating
Savonius Vertical Axis Wind Turbine." CFD Letters 12, no. 4 (2020): 1-11. https://doi.org/10.37934/cfdl.12.4.111
Deisadze, Lucas, Drew Digeser, Christopher Dunn, and Dillon Shoikat. "Vertical Axis Wind Turbine Evaluation and
Design." Worcester Polytechnic Institute (2013).

Lin, Yan-Ting, Pao-Hsiung Chiu, and Chin-Cheng Huang. "An experimental and numerical investigation on the power
performance of 150 kW horizontal axis wind turbine." Renewable Energy 113 (2017): 85-93.
https://doi.org/10.1016/j.renene.2017.05.065

Akwa, Joao Vicente, Horacio Antonio Vielmo, and Adriane Prisco Petry. "A review on the performance of Savonius
wind turbines." Renewable and Sustainable Energy Reviews 16, no. 5 (2012): 3054-3064.
https://doi.org/10.1016/].rser.2012.02.056

Tjiu, Willy, Tjukup Marnoto, Sohif Mat, Mohd Hafidz Ruslan, and Kamaruzzaman Sopian. "Darrieus vertical axis wind
turbine for power generation I: Assessment of Darrieus VAWT configurations." Renewable Energy 75 (2015): 50-
67. https://doi.org/10.1016/j.renene.2014.09.038

Didane, Djamal Hissein, Abas Ab Wahab, Syariful Syafiq Shamsudin, Nurhayati Rosly, Mohd Fadhli Zulkafli, and
Sofian Mohd. "Assessment of wind energy potential in the capital city of Chad, N'Djamena." In AIP Conference
Proceedings, vol. 1831, no. 1, p. 020049. AIP Publishing LLC, 2017. https://doi.org/10.1063/1.4981190

Didane, Djamal Hissein. "Wind and Solar Assessment in the Sahelian Zone of Chad." International Journal of
Integrated Engineering 10, no. 8 (2018). https://doi.org/10.30880/ijie.2018.10.08.026

12


https://doi.org/10.37934/cfdl.13.4.110
https://doi.org/10.37934/cfdl.13.4.3850
https://doi.org/10.1002/er.4874
https://doi.org/10.1088/1757-899X/160/1/012039
https://doi.org/10.1016/j.renene.2017.06.083
https://doi.org/10.1016/j.renene.2018.04.032
https://doi.org/10.1088/1755-1315/268/1/012060
https://doi.org/10.1088/1755-1315/268/1/012060
https://doi.org/10.37934/cfdl.12.4.111
https://doi.org/10.1016/j.renene.2017.05.065
https://doi.org/10.1016/j.rser.2012.02.056
https://doi.org/10.1016/j.renene.2014.09.038
https://doi.org/10.1063/1.4981190
https://doi.org/10.30880/ijie.2018.10.08.026

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 86, Issue 1 (2021) 1-13

[19]

[20]

Islam, M. R., Rahman Saidur, and N. A. Rahim. "Assessment of wind energy potentiality at Kudat and Labuan,
Malaysia using  Weibull distribution  function." Energy 36, no. 2 (2011):  985-992.
https://doi.org/10.1016/j.energy.2010.12.011

Keyhani, A., M. Ghasemi-Varnamkhasti, Mt Khanali, and R. Abbaszadeh. "An assessment of wind energy potential
as a power generation source in the capital of Iran, Tehran." Energy 35, no. 1 (2010): 188-201.
https://doi.org/10.1016/j.energy.2009.09.009

13


https://doi.org/10.1016/j.energy.2010.12.011
https://doi.org/10.1016/j.energy.2009.09.009

