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Abstrael- In this paper, the research has been done to
design the bllHles for the smaD Vertical Allis Wind Turbine
(VAWT) system. Tbere are many factors to be studied to
design tbe best blade in(:luding aerodynamic design or
airfoil type, coeflkient of drag, suitable number of blade in
a system, size and cbord lengtb of a blade, rotational
speed, torque and tile output power that can be produced
by the shaft. AD design was drawn using CATIA software
before simulated uslag Star CCM+ software. AD of these
(:haraderistk wiD be studied to produ~ the blades that
can capture as much as wind to generate higb power and
suitable wttll the application at golf car wbic:b is for
battery (:harclag. Finally, the oon(:lusion are, tbe suitable
NACA series is NACA 0018 aad tbe best ~ord length is
50mm because can produ~ bigher drag (:Gefli(:ient, tbus
the mmmum power produced fro tbe blade is 6.90704
Watt.
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I. INTRODUCTION

In Malaysia, wind speed is varied from season to season
about 2m/s to 12m/s and average of 3m/s only [I]. The usage
of wind energy in Malaysia is not very popular yet. It is
because of the low average wind speed in Malaysia. However,
the application of the system can be maximized.

The concept is when wind attacks the blades, in will produce
the lift force and drag force on the blades, thus the blades will
rotate which held by rotor shaft. The rotational speed is
depends on the wind speed. That relationship is called as tip
speed ratio [3]. When the rotor is rotating, it will produce the
kinetic energy to the shaft and the generating power. That
kinetic energy will be converted to the electric energy using
generator [4]. The wind is characterized by speed and direction,
which are effected by several factors like geographical area,
height above ground, speed of baggie car and the surface
topology.

Objective of this project are; first is to determine the
suitable NACA series for small VAWT, second is to
determine the suitable chord length for the blade and third is to
find the maximum power that resulting from the blade and
suitable with the application at golf car. There are three
commonly used NACA series for the VAWT, NACA 0015,

NACA 0018 and NACA 0020 [5], [6], [7). This part is the
most important part for this system because it responsible to
capture the wind and then rotating the shaft. thus produce
power. In order to get high power generating from shaft, the
blades should produce high lift force for power calculation [8].
STAR CCM+ software was used for simulation [9], [10].

Steven D. Miller [5] has carried out the analysis of lift
coefficient and drag coefficient ofNACA 0015. As the result,
the drag coefficient analysis is important in order to get the best
power performance in term of power coefficient and also
important to determine suitable angle of attack. In VAWT
drag coefficient required to perform high torque thus, produce
high power and have been discussed in some researches [2],
[4].

About the effect of blade number was carried out by Nurul
Natasha Binti Mokhtar with her research of "Effect Of
Number Of Blades On The Permormance Of Drag-based
VAWTs" and M. Predescu, A Bejinariu and O. Mitiroi with
their research of "Influence OfThe Number Of Blades On The
Mechanical Power Curve Of Wind Turbines" [6], [7].
Experiments were done by using wind tunnel. Wind turbine
was placed in a wind tunnel and some experiment was
conducted to study the effects of changes in number of blade
towards the torque and power produce by the shaft and the
result shown that by increasing the number of blade, the
torque and power also increase.

Other researchers such as Muhamad Sani Bin Che Haat [9]
and Nazrul Idzham Bin Nasir [10] have been conducted the
simulation to determine the drag coefficient, resulting from a
single blade. They have used STAR CCM + since it matches
with some CAD software. From the study, the resulting drag
coefficient is closely related to the selection ofa suitable airfoil
in terms ofsize, thickness and chord length.

II. METHODOLOGY

A. Flow Chart

Figure 1 shows a flow chart of analysis that conducted to
find the blade that is suitable for small VAWT system which
will be applied to the golf car. Analyses to find the suitable
NACA series, the appropriate chord length and power
calculations were set as shown in this flow chart.










