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Figure A1. Instantaneous velocity contours (u = 0.875u0) in cross-sectional planes at different positions in the wake of the turbine.

Appendix A: Pre-study on the Stability of Collision Operators

Generally, the choice of collision operator and lattice should consider stability, accuracy, memory demand and performance.

Based on the seminal works by Geier et al. (2015, 2017b) the CLBM can undoubtedly be considered superior in terms of the

former two. Utilising a D3Q27 lattice though eventually implies an increased memory demand of about 40%. Also, the higher

complexity of the CLBM eventually renders the model computionally more expensive.5

As for this specific set-up, satisfactory stability could only be achieved using the CLBM despite the use of the Smagorinsky

model (for the referring formulations in moment space applied to the SRT and MRT models, see Yu et al. (2005, 2006)). The

SRT generally became unstable after only a few time steps. The utilised MRT model (see, Tölke et al., 2006), on the other

hand remained mostly numerically stable. Yet, unphysical oscillations in the turbulent regions of the flow led to significant

degenerations throughout the entire domain.10

In addition to stability issues, the isotropy of the D3Q19 lattice was shown to be insufficient. Fig. A1 shows three exemplary

cross-stream velocity contours at different downstream positions. At x = 3D, small deviations from the expected axisymmetric

profile can be observed for the MRT. Further downstream a more cross-like structure develops that deviates severely from an

expanding circular wake. A similar behaviour on D3Q19 lattices has been described earlier by Geller et al. (2013) and Kang

and Hassan (2013) when simulating circular jet and pipe flows, respectively. Both argue that the missing velocity vectors of the15

D3Q19 lattice cause violations of the rotional invariance of axisymmetric flows. Furthermore, White and Chong (2011) remark

that this behaviour might only be obvious when simulating simple axisymmetric flows, possibly with analytical reference

solutions. Nevertheless, deteriorations of non-axisymmeric real-world problems should also be anticipated, yet, might be harder

to examine. This observation should thus also be taken into account when simulating wind turbines in more realistic, sheared,

turbulent inflows.20

Usually, stability issues as described above can be remedied by using smaller grid spacings. As we consider the latter

unfeasible for the described applications, we refrain from further investigations thereof at this point. Moreover, White and

Chong (2011) also show that the lacking order of isotropy of the D3Q19 lattice can only partially be reduced under grid

refinement. The use of the D3Q27 lattice and the CLBM thus appears as the most suitable choice for the investigation of wind

turbine wakes. Lastly, it should be pointed out that performance differences between the investigated collision operators were

only found to be around 15% (all simulations ran on a single Nvidia RTX 2080 Ti in single precision).
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