
3.2 ELLIPSYS3D

As a NS reference we consult the multi-purpose flow solver ELLIPSYS3D developed at the Technical University of Denmark

(DTU) by Michelsen (1994a, b) and Sørensen (1995). The code has been applied to numerous wind power related flow prob-

lems and served for several fundamental investigations of the ALM (Sørensen and Shen, 2002; Troldborg, 2008; Troldborg

et al., 2010; Sarlak et al., 2015a).5

The governing equations are formulated in a collocated finite-volume approach. Diffusive and convective terms are dis-

cretised using second-order central differences and a blend of third-order QUICK (10%) and fourth-order central differences

(90%), respectively. The blended scheme for the convective term was shown to provide sufficient numerical stability while

keeping numerical diffusion to a minimum (Troldborg et al., 2010; Bechmann et al., 2011). The pressure correction is solved

using the SIMPLE algorithm. Pressure decoupling is avoided using the Rhie-Chow interpolation.10

Symmetry conditions are applied at the lateral boundaries, equivalently to the LB set-up. The outlet boundary condition

prescribes a zero velocity gradient.

3.3 Case Set-up

For the evaluation of the ALM we choose one of the most prominent test cases in this context, i.e. the simulation of the NREL

5MW reference turbine (Jonkman et al., 2009). The mean inflow velocity in all presented cases is u0 = 8ms
�1 while the turbine15

is operating at an optimal tip-speed ratio of � = 7.55. With the viscosity of air ⌫ = 1.78 · 10
�5

m
2
s
�1 the Reynolds number

with respect to the diameter D amounts to ReD = u0 D/⌫ = 5.7·10
7 (with D = 126m). The rectangular computational domain

spans 6D in the cross-stream directions and 29D in the stream-wise direction. The resulting blockage ratio amounts to 2.2%

and was found to have negligible impact on the code-to-code comparison. For the sake of comparability, the grid is uniformly

spaced in the entire domain. The turbine is laterally centred 3D downstream of the inlet. A schematic of the set-up including20

the definition of coordinates is given in Fig. 2. All simulations are initially run for t0 = 4.39T , with T being one domain
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Figure 2. Schematic of the case set-up outlining the dimensions of the computational domain, position of the turbine and definition of

coordinates.
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