
IJSRD - International Journal for Scientific Research & Development| Vol. 2, Issue 11, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 91 

Current status of Wells Turbine for Wave Energy Conversion 
Jayendra J. Patel

1 Tejendra B. Patel
2 

Devendra A. Patel
3 

1
P.G Student 

2,3
Assistant Professor 

1,2,3
Department of Mechanical Engineering 

1
Gujarat Technological University, India 

2
M.G.I.T.E.R., Navsari, India 

3
C.G.P.I.T., Bardoli, India

Abstract— The method of wave energy conversion utilizes 

an oscillating water column (OWC). The OWC converts 

wave energy into low-pressure pneumatic energy in the form 

of bi-directional airflow. Wells has been used to convert this 

pneumatic power into uni-directional mechanical shaft 

power. But a Wells turbine has inherent disadvantages like 

lower efficiency and poorer starting characteristics. This 

paper provides current status of wells turbine and reviews 

various researches done to improve starting and running 

characteristics of wells turbine. 
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I. INTRODUCTION 

Energy is a basic input to the national economy, both 

agricultural and industrial, apart from being an instrument 

for improving the quality of life. The primary commercial 

energy inputs to the Indian economy are from coal, oils, and 

hydroelectricity and to a limited extent nuclear energy. 

Concerns about carbon dioxide and global warming and the 

security and long term availability of fossil fuel supplies has 

led to greatly renewed interest in all forms of  renewable 

energy and so the time may have come for ocean renewable 

energy as well. But to extract wave energy one requires an 

effective wave energy converter. 

 
Fig. 1: Oscillating water column 

Among wide range of wave energy conversion 

devices Oscillating Water column is one of the most mature 

and promising device. Figure 1 shows concept of oscillating 

water column. It consists of a chamber with an opening to 

the sea below the waterline. As waves approach the device, 

water is forced into the chamber, applying pressure on the 

air within the chamber. This air escapes to atmosphere 

through an air turbine. 

For simplicity the air turbine normally selected is 

of a self-rectifying form so that whether the collector is 

exhaling or inhaling, the turbine is driven in the same 

direction. Among them the most economical self- rectifying 

turbines used for wave energy power conversion is Wells 

Turbine which was developed by Dr. A. A. Wells. In its 

simplest form the air turbine rotor consists of several 

symmetrical aerofoil blades positioned around a hub. The 

wells turbine absorbs the axial force while the tangential 

force causes the turbine to rotate. For a symmetrical aerofoil 

the direction of tangential force is the same for both positive 

and negative values of α. Therefore, the direction of rotation 

of the rotor is independent of airflow direction 

 
Fig. 2: Wells Turbine 

However, according to the previous studies, the 

Wells turbine has inherent disadvantages: lower efficiency, 

poorer starting characteristics, and higher noise level in 

comparison with conventional turbines. Consequently, in 

order to overcome these weak points different experimental 

and computational studies are done on various performance 

parameters and other methods to improve the performance 

of wells turbine [01]. 

II. CURRENT STATUS OF WELLS TURBINE 

Various parameters have been improved and many 

configurations of wells turbine have been studied so far. 

Present status of wells turbine is as follows. 

A. Wells Turbine with Guide Vanes: 

 

Fig. 3: Wells turbine with guide vane 
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The wells turbine with guide vanes was adopted for the 

project “Mighty Whale” organized by JMSTEC, Japan. 

Such turbine has been also connected with the Azores Pico 

Plant [02]. 

T. Setoguchi et al. [03] studied the effect of 3D 

guide vanes experimentally by testing a model under steady 

flow conditions. With a 2D guide vane, the angle of attack 

near the hub is larger than that of the case without guide 

vanes. So author felt that 3-dimensional guide vanes before 

and after the rotor may be effective in improving turbine 

performance. In order to clarify the usefulness of 3D guide 

vane, the turbine characteristics of the Wells turbine with 

3D guide vanes were compared with those of a 2D guide 

vane. Finally it was found that Wells turbine with 3D guide 

vanes shows superior characteristics than 2D guide vanes. 

B. Wells Turbine With Self-Pinch Controlled Blades: 

A wells turbine blades are set on the hub by a pivot located 

near the leading edge that enables it to oscillate between two 

prescribed setting angles. As an airfoil set at a certain angle 

of incidence generates the pitching moment about a pivot,  

 

Fig. 4: Wells turbine with self-pinch controlled blades 

The turbine blades can oscillate between two 

setting angles by themselves according to the flow direction, 

as shown in the figure 4 [02]. 

C. Biplane Wells Turbine: 

 

Fig. 5: Biplane wells turbine 

Biplane wells turbine is having two planes of wells turbine 

having same axis of rotation. Such kind of wells turbine 

having turbine diameter 1.2 m is installed in OWC, Islay, 

U.K. without guide vanes installed [04]. 

D. Contra Rotating Wells Turbine: 

Contra rotating wells turbine is same as the biplane turbine 

but main difference is the plane of contra rotating wells 

turbine rotates in reverse direction. 

 

Fig. 6: Contra Rotating Wells Turbine 

Contra rotating wells turbine was installed in the 

LIMPET, Islay, U.K., which is the world‟s first commercial 

wave power station [04] 

E. Wells Turbine With Booster Turbine: 

Shinya Okuhara et al. [05] propose Wells turbine with 

booster turbine for wave energy conversion, in order to 

improve the performance of wells turbine. The performance 

of turbines under steady flow conditions has been 

investigated experimentally by model testing. Furthermore, 

estimated mean efficiency of the turbine by quasi-steady 

analysis. 

 

Fig. 7: Principle of plant using Wells turbine with booster 

turbine 

Author observed that the peak mean efficiency 

decreases with the increase of DW/Di when turbine diameter 

ratio DW/Di ≤ 1.2. The peak mean efficiency increase with 

DW/Di when turbine diameter ratio DW/Di ≥ 1.2. The peak 

mean efficiency is lower than that of single wells turbine. 

 
Fig. 8: Effect of turbine diameter on mean efficiency 

However, mean efficiency at high flow coefficient 

in the case of Wells turbine with booster is higher than that 

of single Wells turbine. Finally they concluded that the 

mean efficiency of turbine strongly depends upon turbine 

diameter ratio and it can be improved by adding a booster 

turbine. 
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F. Wells Turbine With End Plates: 

 

Fig. 9: Wells turbine with end plates 

Manabu Takao et al. [06] studied the effect of end plate on 

the turbine characteristics has been investigated 

experimentally by model testing in order to improve the 

performance of the Wells turbine for wave energy 

conversion. And performance of the Wells turbine with end 

plates have been compared with those of the wells turbine 

with end plates. 

The effect of plate size on the turbine performance 

was studied first. Turbine‟s peak efficiency increases with 

a/l and the value in the case of a/l = 0.0333 was 

approximately51%. When compared to the turbine without 

plate, it increased by approximately 4%. Moreover the effect 

of plate position on turbine characteristics was studied. 

Author found that „backward type‟ end plate was having 

lowest efficiency and the values of „forward type‟ and 

„middle type‟ are almost the same. It is concluded from the 

above results that the optimum plate position is „forward 

type‟ because the turbine in that case achieve the higher 

efficiency. 

 
Fig. 10: Effect of end plate position on efficiency 

III. EFFECT OF VARIOUS PARAMETERS 

A. Blade Geometry: 

A. Thakker et al. [07] the performance of a Wells turbine 

operating under unsteady bi-directional airflow conditions. 

In this study, four kinds of blade profile were selected, 

NACA0020, NACA0015, CA9 and HSIM 15-262123-1576. 

The experiments have been carried out for two solidities 

under sinusoidal and irregular unsteady flow conditions 

based on Irish waves. All the blade profiles were 

investigated for two solidities, 0.48 and 0.64 in the 

experimental setup. The turbines were tested at different 

rotational speeds. The overall performance of the turbine 

was evaluated by the turbine angular velocity ω, generated 

torque T, flow rate Q, and total pressure drop across the 

rotor ∆P. The results are expressed in the form of torque 

coefficient CT, pressure coefficient CA, efficiency η and 

mean average efficiency ηt. 

 

Fig. 11: Effect of blade profile on mean efficiency for 

solidity [a] 0.48, [b] 0.64 

The author found from the above figures, for both 

solidities that the widest operating range was achieved with 

CA9 blade profile. A comparison between the mean 

efficiency of CA9 blade profile operating under 

unidirectional and bi-directional sinusoidal inlet flow was 

also carried out. It is clear from the figure that the mean 

efficiency has similar trends under bidirectional and 

unidirectional inlet flow conditions. 

M.H. Mohamed et al. [08] carried out Multi-

objective optimization of the airfoil shape of Wells turbine. 

All the theoretical and experimental investigations listed in 

the previous section only consider the performance of Wells 

turbines using standard symmetric airfoils of type NACA 

00XX. And some reference investigations indicated that 

NACA 0021 airfoil profiles lead to the best performance. 

Author concentrated on the optimization of a symmetric 

airfoil shape, leading to the best possible performance of a 

Wells turbine using optimum shape other than standard 

aerofoil. 

 
Fig. 12: Optimum shape leading best performance by M.H. 

Mohamed 

For optimization author employed own 

optimization library, OPAL, containing many different 

optimization techniques. OPAL had already been coupled in 

the past with different CFD solvers was employed 

successfully to improve a variety of applications. 
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Fig. 13: Performance of optimum shaped blade 

First CFD model was validated with experimental 

and then the optimization procedure was carried out based 

on the profile NACA 0021 for a first guess. 

This optimization procedure was able to identify a 

considerably better configuration than the standard design 

relying on NACA 0021. A relative increase of the tangential 

force coefficient exceeding 8.8% (as a mean, 11.3%) is 

obtained for the full operating range. At the same time, the 

efficiency improved also by at least 0.2% and up to 3.2%. 

B. Blade Setting Angle: 

T. Setoguchi et al. [09] found that the axial airflow velocity 

during exhalation is higher than that during inhalation. 

According to author the flow rate is not symmetric with 

respect to direction and it would appear that modifying a 

Wells turbine with a non-zero rotor blade setting angle may 

have better performance compared to the Wells turbine. 

 

Fig. 14: Wells turbine blades with setting angle 

To clarify the performance of the Wells turbine 

using blades with setting angles experiments done using a 

test rig having 300mm diameter test section. Piston-cylinder 

mechanism was used to produce waves. Tests were 

performed with turbine shaft angular velocities up to 471 

rad/s and the flow rates up to 0.320 m3/s. 

Experiments were performed with different setting 

angles -4,-2, 0, 2, 4 degree also the running characteristics 

of turbine was measured with and without guide vanes. The 

values of Vi/Vo ware 0.6, 0.8 and 1.0 used for calculation. 

From various results and quasi steady analysis it was found 

that the new turbine using rotor blades with a fixed setting 

angle was superior to the Wells turbine, and that the 

optimum setting angle is 2° in both with guide vanes and 

without guide vanes configurations. 

 
Fig. 15: Effect of setting angle on efficiency at inhalation to 

Exhalation Velocity ratio=0.6 

C. Blade Sweep: 

T.H. Kim et al. [10] carried out numerical investigation on 

the effect of blade sweep on the performance of Wells 

turbine. The numerical method used in this study was a CFD 

code, called FLUENT. The meshes were created in 

structured mesh of hexahedron from an H type mesh. In 

order to investigate the effect of blade sweep the blade 

shape was varied by sweeping a blade from 0.25 to 0.75. 

The geometry chosen for this calculation were Wells 

turbines with the NACA0020 and CA9 blades. 

 

Fig. 16: Comparison of NACA0020 and CA9 blades 

It was found that the performance of the Wells 

turbines with the NACA0020 and the CA9 blades was 

influenced by the blade sweep. As the optimum rotor shape 

for a NACA0020 blade, a blade sweep ratio 0.35, was 

found. This value is just the same as one obtained 

experimentally by the authors in the past. It was also found 

that the overall performance for the NACA0020 blade has 

been better than that for the CA9 blade. 

D. Hub To Tip Ratio & Aspect Ratio: 

Taeho Kim et al. [11] studied Effects of Blade Geometry on 

Performance of Wells Turbine. Practically, it is difficult to 

suggest the optimum geometry for the Wells turbine due to 

the complex interrelation among important parameters, the 
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solidity, hub-to-tip ratio, aspect ratio, blade sweep of rotor, 

and so on. So author carried out numerical investigation 

taking blade profile NACA 0020 with blade sweep ratio = 

0.35, solidity at mean radius = 0.67. Effect of hub to tip ratio 

and aspect ratio were studied by varying them and keeping 

other parameters constant. 

 

Fig. 17: Effect of hub to tip ratio 

 
Fig. 18: Effect of Aspect Ratio 

As results, the optimum blade geometry from the 

calculations was as follows: the hub-to-tip ratio about 0.7, 

and the aspect ratio about 0.5 under other important 

parameters fixed at, NACA0020 blade with blade sweep 

ratio of 0.35, and solidity of about 0.67, which have been 

published as optimum design for blade geometry. 

E. Tip Clearance: 

Zahari Taha et al. [12] found that non-uniform tip clearance 

gives better performance against uniform tip clearance. So 

Zahari Taha investigated the performance of wells turbine 

with various non-uniform tip clearances with the use of 

CFD. The investigation was performed on numerical models 

of a NACA0020 blade profile under steady flow conditions. 

The computational results of this study were compared with 

the values obtained by experiments. 

To obtain non-uniform tip clearance the gap 

increased gradually from leading edge to trailing edge, 

average size of the gap was taken from 0.63 to 1.13. During 

the studies it was found that a turbine with a larger tip 

clearance would have a wider operational range of flow 

without stalling. Besides, the peak efficiency of the turbine 

decreases and shifts towards a higher value of the flow 

coefficient as the tip clearance increases. Nevertheless, it 

was found that the turbine with non-uniform tip clearance 

seems to have the overall performance which is preferable. 

F. Rotor Solidity: 

The solidity of the turbine, is a measure of blockage to 

airflow within the turbine. It is also a measure of the mutual 

interference between the blades and is an important design 

variable. For a wave energy device with a large available 

pressure drop a high solidity turbine with a reduction in 

efficiency can be used. An alternative to this would be to 

use a biplane turbine; a two stage turbine without guide 

vanes. A low solidity turbine, however, does not have the 

ability to self-start.  For optimum performance the value of 

solidity is kept between 0.6 and 0.8. 

IV. CONCLUSION 

Wave energy devices which are currently operational and 

the ones use the concept of an oscillating water-air column 

for energy conversion. The current status & the parameters 

affecting the wells turbine are reviewed here. Effect of the 

most important parameters are, 

(1) For a large available pressure drop a high solidity 

turbine with a reduction in efficiency can be used. 

An alternative to this would be to use a biplane 

turbine; a two stage turbine without guide vanes. A 

low solidity turbine, however, does not have the 

ability to self-start. 

(2) For a turbine operating at a certain speed, the 

incidence at the hub is larger than the incidence at 

the tip and increases with a decrease in hub-to-tip 

ratio. Therefore it should be expected that a 

decrease in the hub-to-tip ratio should promote an 

earlier turbine stall and lead to a decrease in the 

aerodynamic efficiency. 

(3) Effect of aspect ratio becomes larger with the 

increase in tip clearance. 

(4) Blade sweep =0.35 gives better performance than 

other configurations 
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