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Abstract 
This thesis will be comparing the results of metal against fibre 
reinforced polymers (FRP) tidal turbine blades for up scaled 
tidal turbine devices. The different materials will be compared 
by their material properties and suitability for tidal blades 
designs. The hydrofoils shapes for the blades were analysed 
using CFD and the results used in the BEMT analysis.  As part 
of the thesis a blade was designed using blade element 
momentum theory (BEMT) and compared different metals 
against different FRP’s. 

Introduction 
The EU has set targets in place that 20% of the 

energy used in Europe will come from renewable resources 
according to EU directive 2009/28/EC. This directive has been 
encouraged by concerns over global warming and Europe’s 
dwindling domestic supplies of fossil fuels (O’Rourke et al., 
2010). Renewable Tidal turbine power can have a place in 
meeting this demand and the European joule project has 
identified over 100 locations in Europe where tidal power could 
be implemented and have estimated the energy reserves of 
forty terawatts available (European Union-Joule Project, , 
1996). Therefore the implementation of tidal power in Ireland 
will help reduce emissions, increases energy independence 
and energy security. 

In order to be economical and increase adaptation of 
tidal wave power the system needs to produce enough power 
and continue operating long enough to be profitable. The 
marine environment can be very hostile to material unsuitable 
for its conditions. As with wind turbines and tidal turbines, FRP 
is used for the blades because of their strength, weight and 
stiffness but recent studies have shown that FRP can weaken 
due to water absorption (Bian et al., 2012, Kennedy et al., 
2014). Metal tidal turbine blades with corrosion resistance to 
the sea water may than proof to be a usable alternative. This 
research will compare their properties and assess whether 
metal tidal turbine blades could be used for the buildings of tidal 
turbine blades. 

Methodology 
The method utilized to analyse the blades will be the 

blade element momentum theory (BEMT). The BEMT model 
has been well developed and explained and has been used to 
analysis marine propulsion and wind turbine blades. The BEMT 
model is implemented from the following research but the loss 
correction factors have not been implemented (Masters et al., 
2011). The BEMT model is then applied to hydrofoil shapes 
taken from the national renewable laboratories and is 
developed for a large up scaled blade size. The coefficient of lift 
and drag of the hydrofoil are taken from CFD analysis. Then the 
material of the BEMT analysis are changed and compared side 
by side to compare their performances. These results of the 
metal blades against the FRP blades can then be compared. 
An example of how the 2-D hydrofoil shapes are modelled in 
the BEMT model is shown in Fig. 1.  

 
Fig. 1 Velocities and Forces on the Hydrofoil (Masters et al., 

2011) 
The different material will also be compared using the 

Cambridge Engineering Selector (CEM) software will allow 

comparisons of the materials properties and assess whether 
they are suitable to the marine environment and forces.  

Results 

 
Fig. 2 Deflections of the blade design using different materials 

 
Fig. 3 Comparison of the materials density vs. young’s 

modulus 

Conclusions 
The metals have roughly similar deflections apart from 

GFRP which is weaker in comparison to the other materials as 
shown in Fig. 2. However the FRP are lighter in comparison to 

the metals which maintain similar young’s modulus as shown in 
Fig. 3. The aluminium is much lighter but maintains a high 

young’s modulus. The metals weight more but have 
comparable physical strength, resistance to corrosion and may 
be used as a blade material. 
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