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The conventionally neutral Unsteady Reynolds-Averaged Navier-Stokes
boundary layer (CNBL) (URANS) for horizontally homogeneous flows

For numerical simulations of wind farm flows one needs Over flat and uniform terrain (for example, ocean or farmland), the URANS equations
a model for the atmospheric inflow aka. a "precursor". are

The CNBL has become a popular inflow choice for large- oU ou'w’ oV v’ w’

eddy simulations (LESs) in the recent years, because it - = fC(V — Vg) _ = f (Ug _ U) _
includes physical phenomena such as wind veer and an ot 0z ot 0z

inversion-layer. 00 00w <

ot 0z

The k-e model of Koblitz et al. [2] is used to model the turbulent fluxes and a specific
trait of this model variant is that the Mellor-Yamada lengthscale (hrvy) is used to set
the maximum turbulence length scale (lmax)- Alternatively, this limiter can be turned
off by setting lmax = OC..

A major advantage of URANS for horizontally homogeneous flows is that a 1D grid can
be used for the solver, which makes it very fast to solve compared to LES.
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On the other hand, the usage of CNBLs in URANS
simulations has not been explored much in the litterature
so far, which is therefore the motivation for this work.

Numerical setup and results

The "no4" case from Pedersen et al. (2014) [ 3] has been studied in this
work, which is a popular CNBL reference case that has been simulated
with several LES codes.

ABL profiles (time-averaged over t € [23.0,24.0] hr)

We simulate it with URANS using the EllipSys1D code and also run our
own LES with the EllipSys3D code. The LES setup is similar to that used
by Hodgson et al. (2023) [4].
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Domain size nonexnonex1.0km 2.56 kmx2.56 kmx1.0km LES (E3D)
Resolution none xnone x 128 256 x 256 x 128 o eare (é:::ﬂ 240“;)
Sim. time 24 hr 24 hr :

Timestep ls ls

Turb./SGS model Koblitz k- Deardorff 1-eq
Comp. cost 25 core-seconds 4500 core-hours
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LES is O(10°) more costly than URANS!!

ABL height evolution

Conclusions

—— LES (E3D) 1. URANS is much faster than LES for CNBL simulations.
1D URANS (Zmmax = £py) 2. URANS with Koblitz et al. k-e model gives reliable results, if we use lhax = OO .
— = 1D URANS (£mux — ) 3. Future work:
- Use URANS CNBL precursor for wind farm simulations.
- Fix sharp upper inversion.
- Incorporate ABL anisotropy.
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