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On the accurate prediction of turbine power
and thrust using BEM and CFD

Yabin Liu, Stefano Gambuzza, Riccardo Broglia, Anna M. Young, Edward D. McCarthy,
and Ignazio Maria Viola

Abstract—We compute the loads on a model-scale tidal
turbine with Blade Element Momentum (BEM) theory
and Computational Fluid Dynamics (CFD) simulations,
and we compare the results with towing tank tests. CFD
simulations are wall-resolved, steady, Reynolds-averaged
Navier-Stokes simulations with a k − ω SST turbulence
model, where only a 120◦ wedge domain with a single
blade is resolved in a non-inertial frame of reference.
We undertake a detailed uncertainty analysis to identify
the sources of error. BEM uncertainty is computed with
a Monte-Carlo approach based on the differences in the
predictions of CFD and Xfoil for the sectional lift and drag
coefficients,while CFD uncertainty is based on the errors
due to the finite number of iterations and spatial resolution.

The maximum error of CFD (8.0%) with respect to the
experimental data is about half of that of BEM (15.5%)
for the power (CP ) and the thrust (CT ) coefficients and
both errors are within 4.1% for CFD and within 7.2%
for BEM around the optimal tip-speed ratio (λ = 6.03).
The BEM error is within the uncertainty associated with
the imprecise knowledge of the sectional lift and drag
coefficients. The sectional forces from CFD and BEM
disagree at both the tip and the root, resulting in a
substantial BEM underprediction of CP at high λ values
(up to 15.5%), yet CT is well predicted (within 2.3%) at
every λ. The CFD uncertainty is markedly smaller than the
error, which is thus mostly due to a modelling error such as
the turbulence model, the neglected effect of the support
structure, the free surface, and the imprecise knowledge
of the input conditions. Overall these results suggest that
CFD provides both a maximum error and uncertainty
that are substantially smaller than that of BEM, but both
methods suffer from modelling errors that require further
investigation.

Index Terms—Tidal energy, tidal turbine hydrodynamics,
computational fluid dynamics, blade-resolved Reynolds-
averaged Navier-Stokes simulations, blade element mo-
mentum theory.

I. INTRODUCTION

HARVESTING energy from tidal current can con-
tribute to the transition to sustainable use of re-

newable energy. Tidal power can provide 34 TWh/year
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in the UK alone [1]. The performance of tidal tur-
bines, as the key energy conversion component in tidal
power systems, plays a crucial role in effectively ex-
ploiting tidal energy. Accurately predicting the energy-
harvesting efficiency of turbines and the associated
flow physics is essential to assess and improve the
turbine performance through optimised hydrodynamic
design [2]. To improve confidence in modelling tech-
niques and establish good practice, the UK Supergen
Offshore Renewable Energy Hub has run an Unsteady
Loading Tidal Turbine Benchmarking Study [3]. Exper-
iments were performed in a towing tank at a Reynolds
number of 1.3×106 based on the constant towing veloc-
ity U∞ = 1 m s−1 and the turbine diameter D = 1.6 m.
The tested geometry, as well as the flow and operating
conditions, were made available to different groups to
make a blind prediction of the measured forces and
power [4]. This paper presents the details of the BEM
simulations and the CFD simulations performed at the
University of Edinburgh, for which a detailed analysis
of the numerical uncertainties has been undertaken.

II. BLADE ELEMENT MOMENTUM THEORY

BEM simulations are performed with transTide
[5], [6], a BEM solver developed in-house that predicts
the loads generated by a tidal turbine subject to tur-
bulent, sheared, and yawed inflow conditions in the
presence of yaw. Each of these features can be toggled
individually, and the simulations reported here do not
make use of any of these features. A detailed rundown
of the practical implementation of turbulence in this
code is reported in detail in Scarlett et al. [5] and
Scarlett and Viola [6], and the code has been used and
validated for tidal-energy applications by Pisetta et al
[7]–[10].

The sectional lift (CL) and drag (CD) coefficients are
computed with XFOIL [11] and are a function of the
local angle of attack α and the local Reynolds number
Rec. The chord-based Reynolds number is assumed
only a function of the radial coordinate r and not of
the tip-speed ratio λ, i.e.
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where c(r) is the local chord as function of the radial
coordinate r; ν is the dynamic viscosity of water; R =
D/2 is the rotor diameter, and λD = 6.03 is the design
tip-speed ratio. We specify the critical amplification
number Ncr [12] as a constant value of nine over the




