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was as high as 48% (Batten et al., 2007). In order to achieve high efficiency, the HAT needs to be aligned properly with 

variable stream lines. In comparison, a Darrieus vertical-axis turbine (VAT) can operate in all flow directions, though it tends to 

exhibit somewhat lower efficiency than HAT. In an experimental study with a free stream velocity of 1.2m/s, the maximum 

efficiency was 33% with a straight-bladed Darrieus turbine (Shiono et al., 2002). A helical-bladed Darrieus turbine achieved a 

power coefficient of 41.2% in an optimal design study (Yang and Shu, 2012).  

The computational fluid dynamics (CFD) simulation is frequently used as a numerical approach as an alternate to more 

expensive experimental studies in order to validate the performances of turbines. Additionally, the blade element momentum 

theory (BEMT) is a theoretical method that is used for the analysis and design of HATs (Batten et al., 2008; Clarke et al., 2007), 

with the results showing good agreement with those of lab-scale experiments in terms of the power coefficients. On the other 

hand, even if the computational cost is high, research using CFD simulations is conducted through three-dimensional analyses 

of HATs (Lee et al., 2012), as this is a viable means of investigating vortex activities over the surfaces or near the tips of the 

blades in detail. Meanwhile, for the Darrieus VAT, no current theoretical method perfectly captures its actual performance as 

compared to detailed CFD simulations (Dai et al., 2011; Islam et al., 2008; Jung et al., 2009). BEMT methods with single- or 

multiple-stream tube, vortex, and cascades models show improvements in how well they predict the performance of a Darrieus 

VAT; however, they still exhibits drawbacks. Thus, a CFD simulation becomes a popular tool when used to analyze the 

performance of a Darrieus VAT (Carrigan et al., 2012; Ghatage and Joshi, 2011; Sabaeifard et al., 2012). Two-dimensional 

CFD with less computation than three-dimensional CFD is used in the design of sections of Darrieus VATs instead of a 

theoretical method. For instance, with help of CFD tools, the cambered airfoil was found to improve the self-starting capability 

of a Darrieus VAT (Beri and Yao, 2011). An increase in the number of blades was also proposed to reduce both the torque and 

RPM fluctuations (Castelli et al., 2012). Among these approaches for performance improvements, a helical-bladed Darrieus 

turbine is considered to be a strong candidate for overcoming the disadvantages of a straight-bladed Darrieus turbine, such as 

the fluctuation of the torque and the RPM as well as the low self-starting capability (Shiono et al., 2002). In order to design the 

helical-bladed turbine and explore three-dimensional effects such as tip loss, three-dimensional CFD with a high computational 

cost is mandatory. 

The approaches described above involving the use of CFD simulations and the BEMT are typically utilized when the TSR 

is determined. However, in the actual operating conditions of an experiment, tidal stream turbines begin to rotate from zero 

angular velocity when the flow speed reaches a sufficient value to rotate them. Afterwards, the TSR of a turbine is determined 

when a certain load is applied to a turbine in the direction opposite the rotation direction (Bahaj et al., 2007). Although the flow 

speed is stable under real operating conditions, the TSR as well as the torque are known to fluctuate in Darrieus turbines. 

Therefore, to capture realistic operational characteristics in an experimental study, a flow-driven rotor simulation, in which the 

body is driven by the flow, is more appropriate than a simulation with a given TSR. In this work, we introduce a flow-driven 

rotor simulation using FLUENT with a six-DOF solver to estimate the performance of a Darrieus VAT. First, a three-bladed 

turbine with the NACA 0020 section, as used in a previous study, is studied in order to investigate its basic performance charac-

teristics in 2D CFD simulations. The performance of a helical-bladed turbine is then investigated as compared to a straight-

bladed turbine by 3D CFD flow-driven rotor simulations to assess the fluctuation and self-starting capability as well as the 

power coefficient.  

NUMERICAL METHODS 

Flow solver  

We exploit ANSYS FLUENT, which uses the finite volume method to solve the Navier-Stokes equation as a flow solver. A 

pressure-based Reynolds-averaged Navier-Stokes (RANS) model is used to compute the flow properties in the unsteady condi-

tion. The sliding mesh method is used to transfer fluid media from the inner rotating domain, which contains the turbine, to the 

outer domain. The shear stress transport (SST) k-  turbulent model is chosen because it combines the advantage of the k-  

model near the wall and the k-  model away from the wall. SST k-  provides superior results for a flow with a strong 

adverse gradient and separation in turbine simulations (Dai et al., 2010). A second-order accurate model and a second-order 

upwind model are selected for pressure discretization and momentum, respectively. A second-order implicit transient formula-

tion is used as well. The residual for the convergence check is set to 10-4 in order to obtain an accurate solution. 
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