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Numerical Simulations of Wind Turbine Wake Interactions
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Abstract

In the current project, the first author and the second author play a central role in conducting
high-speed tuning and wind turbine wake analysis of the supercomputer version of RIAM-COMPACT. In
this report, we applied the supercomputer version RIAM-COMPACT to the wind turbine wake simulation
from the wind tunnel scale to the utility-scale wind turbine wakes. As a result, we clarified unsteady wake
aerodynamics of wind turbines including multiple wake interactions with high precision and high reality.
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(a) Visualization by wind tunnel experiment

Incoming flow

conducted by the first author

Near wake region

Velocity deficit
maximum

Transition region
-

Far wake region
Velocity deficit
minimum

Interaction with nacelle

Interaction with tower

Shaar layer

(b) Conceptual diagram

Fig. 1 Wake characteristics

behind a horizontal axis wind turbine (HAWT)

Type

Engineering Wake Model
(Empirical / Analytical
Wake Model)

CFD Wake Model (Wind Turbine Parameterization Model / Physical Surrogate Model)

Fully-Resolved Geometries
Combined with CFD
Simulations

Linearized Reynolds-Averaged Navier-Stokes (RANS)

LES

Nonlinear RANS and LES

#Jensen (1983) / Katic (1986)
(Park Model)

@ Ainslie (1985)
(Eddy-Viscosity Model)

S0tt et al. (2011)
(Fuga Model)
% Implemented in WAsP

@Llarsen et al. (2007)
(Dynamic Wak Meandering; DWM)
#% Create a Base Wake with

Eddy-Viscosity Model

@ Actuator Disk Model

@ Actuator Disk Model
with Rotation (ADM-R)
@ Actuator Line Model

@ Actuator Surface Model

@ANSYS Fluent / ANSYS CFX
#Simcenter STAR-CCM+
# Commercial CFD Software

3

#Front Flow / blue (FFB)
4 0OpenFOAM
% Open Source CFD Software

Increasing Cost / Fidelity

Based on [A Review of Wind Turbine Wake Models and Future Directions, 2013 North American Wind Energy Academy (NAWEA) Symposium, Matthew J. Churchfield )

Fig. 2 Overview of the wind turbine wake model and its comparison
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(a) Numerical results of

the upstream wind turbine
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(b) Numerical results of
the downstream wind turbine
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(c) Numerical results of two wind turbines
Fig.3 Spatial distribution of vorticity at wind
turbine hub height, instantaneous flow field,
top view, RIAM—COMPACT
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Fig.4 Spatial distribution of streamwise (x) velocity component at wind turbine hub height
in the case of two wind turbines, top view, RIAM—-COMPACT
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Fig.5 Comparison of streamwise (x) velocity
component at the measurement station,
RIAM-COMPACT
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« Tip speed ratio, TSR = 7.0
« Tip speed = 80 m/s
« Rated wind speed = 11.4 m/s

R, Rated rotational speed = 12.1 rpm

Fig.6 Outline of the utility—scale wind turbine
(5MW) targeted in the current study
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Fig. 7 Vertical distribution of inflow airflow characteristics
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Fig. 8 Spatial distribution of streamwise (x) velocity component in the central cross section,

time—averaged flow field,
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Fig.9 Comparison of streamwise (x) velocity component at measurement stations B, C, D
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Measurement Measurement
station A station B /

Measurement line/ ... e
0.2 U-velocity (U/U,) 12

(a) Spatial distribution of streamwise (x) velocity component

Measurement Measurement
station_ _A station B
5 D D pai|

-5.0  Vorticity (w,) 5.0

Measurement line

(b) Spatial distribution of vorticity
Fig. 10 Flow visualization in the central cross section,

side view, RIAM-COMPACT

instantaneous flow field,

W =
0.2 y-velocity (U/U,) 1.2

0.2 Uevelocity (UU,) 12

(a) Cross section including measurement station A (B) Cross section including measurement station B
Fig. 11 Spatial distribution of streamwise (x) velocity component, instantaneous flow field,
rear view, RIAM-COMPACT
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Fig. 12 Computational domain and grid in FFB

Fig. 13 Computational grid on the surface of wind turbine blades, nacelle and tower in FFB
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Fig. 14 Computational grid near the wind turbine blades in FFB

Rear view

Rear view
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Fig. 15 Flow visualization of spatial distribution of streamwise (x) velocity component in FFB
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Fig. 16 Comparison of streamwise (x) velocity component at the measurement line shown in Fig. 10.
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Fig. 17 Comparison of streamwise (x) velocity component

at measurement stations A and B shown in Fig. 10
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