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ABSTRACT  
 
Malaysia is surrounded by ocean, therefore Malaysia is a perfect 
candidate for harvesting ocean energy as electrical generator to 
distribute to main grid. Malaysian electrical generation still 
greatly influences by non-renewable energy and the electrical cost 
increase as the natural resource depleting. The only solution for 
this problem is to use renewable energy, due to geography of 
Malaysian land which surround by ocean; ocean energy is the 
best renewable energy for Malaysia. One method of converting 
this energy is to use Oscillating Water Column using wells 
turbine as converter from pneumatic energy to mechanical energy 
thus convert by generator to electrical energy. However, wave 
characteristic of Malaysian ocean make conversion of wave 
energy really difficult.Some parameter that affect the 
performance of wells turbine need to be changed, so the new 
geometry turbine can work effectively in Malaysian ocean of the 
poor ocean characteristics such as low wave high and low 
frequency. According to Malaysian wave data, the average wave 
height is from 0.5m to 1.5m with average wave frequency of 0.1 
to 0.3Hz and wave period 3.34s to 10s. 
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NOMENCLATURE  
 
 Area of annulus ܣ
ܿ Chord length 
்ܦ  Tip diameter 
݄ Hub to tip ratio 
ܰ  Number of bladevelocity gradient 

ܳ Flow rate 
ܴு Hub radius 
்ܴ Tip radius 
ܶ Torque 
כܷ Flow Coefficient 

௧ܷ௜௣ Blade tip speed 

௔ܸ Air steam velocity 
 Pressure drop ݌∆
ߟ Efficiency 
߱ Rotational speed 
σ Blade solidity 

 
1.0 INTRODUCTION 
 
Malaysian ocean wave characteristic make wave energy 
conversion very hard to take place. Some parameter that affect the 
performance of wells turbine need to be changed, so the new 
geometry turbine can function effectively in Malaysian ocean 
despite the poor ocean characteristics such as low wave high and 
low frequency [1]-[2]. For the sake of this paper, parameters of 
blade profile and turbine solidity are only two parameter that we 
focused on as those parameters are the most effective on the 
turbine efficiency according to various literature review. In 
addition, the aim of this study is to design a turbine that is able to 
generate energy from Malaysian ocean waves effectively. 

The basic principle of wells turbine efficiency are due to 
profile blade and turbine solidity, According to Raghunathan [3] 
NACA0020 show the best performance characteristic compared 
to thinner airfoil from the same series of NACA blades, he 
suggested that the blade profile geometry is the key parameter in 
design especially the thickness ratio. Moreover, the profile also 
improves the starting characteristics [3].  

Thakker and Abduladi [4] conclude that the best aerodynamic 
blade profiles is NACA0020 with rotor solidity 0.64, this is due 
to the higher frequency in wide range of flow coefficient between 
those four blade profiles. Researcher mainly focuses on variation 
of blade profile and its solidity.But that only highlight the 
performance of blade, this paper will show the relation efficiency 
and the wave characteristics in Malaysian ocean by comparing the 
chamber pressure with research done by O.B.Yaakob et al. [5]. 
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2.0 MATHEMATICAL FORMULATION 
 
Turbine solidity is the ratio of the total blade area in plan view to 
annular duct area, this show the blockage of airflow through the 
turbine as the mutual interferences with the blades. 

 
ߪ ൌ ே௖

గሺோ೅ାோಹሻ          (1) 
 
As stated by Raghunathan, wells turbine will be not sensitive to 

variations in solidity up to value of 0.5 and decrease efficiency if 
greater than 0.5 due to the increasing loss of kinetic energy and 
the associate swirl. However, the problem with low solidity 
turbine is having poor self-starting characteristics compares to 
high solidity turbine with solidity ratio above 0.5 [6]. 

Tip to hub ratios play important role in determining turbine 
efficiency as stated by Raghunathan, the experiment varies tip to 
hub ratios but keeping the solidity at constant value of 0.4. The 
importance of hub to tip ratio in designing of wells turbine clearly 
proven by the following equation [7] 

 
 

௔ܸ ൌ ସொ
గ஽೅

మሺଵି௛మሻ
          (2) 

 
Turbine aerodynamic efficiency can be contributed by tip to 

hub ratio by angle of incidences, leakage loss at the tip and the 
interferences effect at the hub. Variation of this ratio will affect 
the tip leakage loss and efficiency constant speed, decreasing hub 
to tip ratio will cause the efficiency of the turbine to decrease as it 
introduce stall in early stage for designing purpose, Raghunathan 
suggest the ratio to be 0.6 [2]. 

The efficiency of the turbine is the most important formula to 
be known, because we want to reduce the losses of converting the 
wave energy from pneumatic to mechanical energy. In order to 
study the performance of the well turbine versus flow coefficient, 
we need several dimensionless parameters: 

 
Flow coefficient; 
 
כܷ ൌ ௏

௎೟೔೛
          (3) 

 
ܸ ൌ ொ

஺ೌ೙೙ೠ೗ೠೞ
           (4) 

 
Efficiency; 
 
ߟ ൌ ்ఠ

ொ∆௣
          (5) 

 
After a few analysis, research and site visit, there are few 

suggested places from installation for OWC devise base on wave 
energy distribution that show the wave energy density distribution 
higher on that particular place. The places are 1) Pantai Cahaya, 
2) Pantai Senak, 3) Pantai Irama, 4) Tok Bali and 5) Kuala Besut. 
These places suitable for installation of OWC devise especially 
shore mount type as shown in Figure.1. 

 

 
 
Figure 1: Recommend places for OWC and well turbines in 
Malaysia 
 
 
3.0 NUMERICAL SIMULATIONS 
 
This stimulation represents description of three dimensional flow 
field of wells turbine, to be used in oscillation water column for 
wave energy conversion (Table 1). The analysis has been 
performed by solving numerically the incompressible Navier 
Stokes equations in a non-inertial reference frame rotating with 
the turbine. Using medium mesh, the result outcome from this 
analysis is torque and pressure drop across turbine. 
 

Table1: Well turbine specifics for the current study 
 

Parameter  Actual Model 

Water depth  5 1 

Design wave Period (s) 5 2.24 
Wave height (m) 1.5 0.3 

Principal 
dimensions 

Length (m) 4 0.8 
Breadth(m) 4 0.8 
Draught(m) 5 1 

Opening mouth 
height(m) 3.5 0.7 

Curtain wall height (m) 1.5 0.3 
Air chamber Length(m) 4 0.8 

Breath(m) 4 0.8 
Turbine shell Shell radius(m) 2 0.4 

Turbine Tip radius(m) 1.5 0.3 
Chord length(m) 0.625 0.125 

 
The geometry and mesh elements for this study has been 

generated using the RANSE solver grid generator (ICEM CFD). 
Particular care has been given for mesh generation in this 
research work, where the computational domain has been 
discretized using volume mesh type of tetra/mixed with robust 
(Octree) mesh method (Figure 2). The global mesh parameters, 
scale factor for was taken to be 1 and global element seed size 
maximum element was 0.05.  
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The variation of blade profile shows that, NACA0015 have 

lower efficiency with small range flow coefficient of high 
efficiency and NACA0020 show high efficiency compared with 
NACA0015 with wider range of flow coefficient of high 
efficiency. On the turbine solidity, solidity of 0.6 has better 
average efficiency compared to lower solidity of 0.4 throughout 
flow coefficient. However, turbine solidity 0.4 have higher 
maximum efficiency compared to 0.6, this show turbine solidity 
0.4 only can be operate effectively at small range of flow 
coefficient. 

From the CFD results (Table 3), every turbine has differences 
in efficiency versus flow coefficient profile, but to choose the best 
wells turbine blade to be used in Malaysian ocean is another case, 
whereby we need to match with open water column that available 
so that a better efficiency of energy conversion can be taken 
place. Open water column from O.B Yaakob et al. (2013) [5] with 
reflector slope of 45o is chosen to verify the suitable geometry of 
well turbine in Malaysian ocean. Wave height of 0.25m and wave 
period of 2.24s are chosen to compare the flow of air inside the 
water column and match with the four wells turbines as the value 
of the wave height and wave period chosen at the middle point of 
average Malaysian wave characteristics to choose the best turbine 
for Malaysian wave conversion. 

Result shows, NACA0020 with turbine solidity of 0.64 have a 
wide range of high efficiency but slightly lower maximum 
efficiency then other turbines, but in average, NACA0020 with 
turbine solidity of 0.64 have the advantage of the poor wave 
characteristic of Malaysian ocean to make it as the effective 
turbine to be used in converting wave to useful electrical energy. 
 
 
5.0 CONCLUSIONS 

 
As conclusions of this study, a design of wells turbine that able to 
generate energy from Malaysian ocean wave effectively is 
establish with profile blade of NACA0020 and turbine solidity of 
0.64 with range of turbine efficiency of 30% to 64% throughout 
flow coefficient using CFD code AnsysCFX.  

NACA0020 turbine with 0.64 turbine solidity have a wider 
range of operating with high efficiency compare to other turbines. 
More, some conclusions can be made of the profile blade 
thickness, thicker profile blade of NACA0020 have better 
efficiency compared with thinner blade profile of NACA0015. 
Moreover, turbine solidity contributes high impact on maximum 
efficiency of wells turbine but not affect the overall efficiency of 
the turbine. 

Furthermore, the recommended places for the Open Water 
Column especially for shore mount are in the state of Kelantan 

and Terengganu. Where the places of study are, 
PantaiCahayaBulan shoreline in Kelantan, PantaiSenak shoreline 
in Kelantan, PantaiIrama shoreline in Kelantan, Tok Bali 
shoreline in Kelantan and Kuala Besut shoreline in Terengganu. 
More, for floating OWC, the recommended places are Kelantan 
and Terengganu offshore.  
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