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Motivation & Structure

i DLR

Rotor simulation under real atmospheric conditions

Nocturnal conditions

Validation Case

Synthetic Turbulence Generator
Mann-Box with ProfGen

| R |
Mean velocity profile + Turbulent fluctuations

Hybrid RANS-LES LES + Actuator Disc
TAU, FLOWer EULAG

Turbulent Wake Turbulent Wake

Presence of Shear & Veer

Nocturnal Case

Atmospheric Precursor LES
EULAG

| 1
Mean velocity profile + Turbulent fluctuations

Hybrid RANS-LES LES + Actuator Disc
TAU EULAG

Turbulent Wake Turbulent Wake

High impact on wake structure



Methodology

Hybrid RANS-LES Simulation with TAU DLR
Les Backgroundmesh 99.3e6
i Rotor Refinement 2.4e6
O Hub Refinement 0.9e6
Hubmesh 3*0.3e6
Blademesh 3*8.9e6

f, depends on local
grid and flow properties

f. prevents log-layer
mismatch

fpy is introduced via
momentum equation




Methodology ‘#7
Precursor LES with EULAG DLR

 EULAG solves boussinesq equations

for incompressible atmospheric flow rapid
 diurnal cycle simulation with temporal decay of
variation of surface heat flux ‘rfi;ti'rf;' N
well mixed wind shear <

boundary layer
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Englberger & Dornbrack, BLM, 2018
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Actuator Disc Method — EULAG LES DLR

* Rotor is parameterized as an rotating actuator disc
« Blade Element Momentum Theory (BEM)

i

« annular segments
: -_ - tabulated airfoil data (c;, ¢y, @)

« Calculation of the normal F, and tangential F; forces
v“‘ -------- plane of blade

- Turbine-induced force in momentum equaton B rotation
» Rotor is implemented as immersed boundary )

« (Gaussian smearing of the forces - avoid numerical instabilities

Q—I x
y
Englberger & Dornbrack, BLM, 2018




Testcase Definition

Parameter Value

Upup [M/S]
Zyyp [M]
as [-]
TI [%)]
L [m]

n [RPM]
0[]

v [°]

9.792
57.19
0.249
3.66
32.026
16.2
-4.75
-6.02 (VC)/-10.0 (NC)
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Results from Validation Case (VC) ‘#7
Empty Box: FLOWer vs. TAU vs. Experiment DLR
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Results from Validation Case (VC) 4#7
Rotor Simulation: FLOWer vs. TAU vs. Experiment DLR
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Results from Validation Case (VC)
Rotor Simulation: TAU vs. EULAG (+AD)
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Results from Validation Case (NC)
Rotor Simulation: TAU vs. EULAGI(+AD)
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Results from Wall modelled LES

Validation Case vs. Nocturnal Case
DLR

Validation Case Nocturnal Case




Summary ‘éLyR
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