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Modelling of wind resources 
RANS equations: 
 
 
 
 
Askervein Experiment 1983: 
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Modelling of wind resources 
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Modelling of wind resources 

6 14 April 
2014 

0

2

4

6

8

10

12

14

16

18

20

-1000 -800 -600 -400 -200 0 200 400 600

U
 [

m
/s

] 

Distance [m] 

Measurements

High

Normal

Low



DTU Wind Energy, Technical University of Denmark 
   

    
   

Modelling of wind resources 
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Modelling of wind resources 
 

Reynolds number: Re=U0L0/ν 
 
 ∆S = U/U0 (Speedup) 
  
Jensen number = L0/z0 
 
 ∆L = L/L0 
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Modelling of wind resources 
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Modelling of wind resources 
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Modelling of wind resources 
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Modelling of wind resources 
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Modelling of wind resources 
 

1. The flow is Re-independent 
when omitting Coriolis and 
Buoyancy 

 

2. A model cannot predict wind 
resources; it extrapolates 
measurements 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
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Extrapolate wind resources 
Problem: 
1. Large scale effects omitted (Coriolis, Bouyancy) 
2. Large computational resources 

 
 
 
 
 
 
 
Solutions: 
1. Do nothing 
2. Micro-Meso scale coupling 
3. Micro model -> meso scales 
4. Meso model -> micro scales  
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Extrapolate wind resources 
Problem: 
1. Large scale effects omitted (Coriolis, Bouyancy) 
2. Large computational resources 

 
 
 
 
 
 
 
Solutions: 
1. Do nothing 
2. Micro-Meso scale coupling 
3. Micro model -> meso scales 
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Extrapolate wind resources 
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Modelling of wind resources 
 

1. The flow is Re-independent 
when omitting Coriolis and 
Buoyancy 

 

2. A model cannot predict wind 
resources; it extrapolates 
measurements 
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Modelling of wind resources 
 

1. The flow is Re-independent 
when omitting Coriolis and 
Buoyancy 

 

2. A model cannot predict wind 
resources; it extrapolates 
measurements 

 

3. A method to couple micro- 
and meso-scales is needed  
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Micro - Meso coupling 
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Micro scale inflow: 
 
 
 

Meso scale, Geo. drag Law: 
 
 
 
 
1. The inflow is defined by a surface z01 

2. z01 represents a “large-scale” terrain roughness 
  
 
 
• The inflow should balance the “large-scale” z01.  
• The CFD model simulates the micro-scale 

varians from the meso-scale mean. 

Micro - Meso coupling 
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Large-scale roughness length: 
Rossby radius: G/f ≥ 10km 
 
 
 
 
 
 
 
 
 
 
 
 

• The inflow should balance the “large-scale” z01.  
• The CFD model simulates the micro-scale 

varians from the meso-scale mean. 
 

Micro - Meso coupling 
 

Inflow boundary condition: 
For homogeneous farfield terrain 
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Modelling of wind resources 
 

1. The flow is Re-independent 
when omitting Coriolis and 
Buoyancy 

 

2. A model cannot predict wind 
resources; it extrapolates 
measurements 

 

3. A method to couple micro- 
and meso-scales is needed  

 

34 14 April 
2014 

0

0,5

1

1,5

2

-8 -6 -4 -2 0 2 4

S
p

ee
d

u
p

 [
-]

 

1 2 

 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=7vlV42Zw1yILSM&tbnid=yAMC3d5z1vLDXM:&ved=0CAUQjRw&url=http://www.campbellsci.com/p2546a&ei=KX88U8bBEeaZ0QWh9oCwCw&bvm=bv.63934634,d.bGQ&psig=AFQjCNGL7WAWIn-TgjHWb_9MsvkMhmO9fg&ust=1396560034092525


DTU Wind Energy, Technical University of Denmark 
   

    
   

Modelling of wind resources 
 

1. The flow is Re-independent 
when omitting Coriolis and 
Buoyancy 

 

2. A model cannot predict wind 
resources; it extrapolates 
measurements 

 

3. A method to couple micro- 
and meso-scales is needed  

 

4. Farfield conditions should 
balance the meso-scale mean 
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2. Example: WAsP CFD 
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Example: Prepare Terrain 
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Example: Prepare Terrain 
 

38 WAsP CFD, EWEA  2/5/2013 

1. Prepare terrain: Wellington 



DTU Wind Energy, Technical University of Denmark 
   

    
   

Example: Prepare Terrain 
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Example: Prepare Terrain 
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Example: Prepare Terrain 
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Example: Prepare Terrain 
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Example: Prepare Terrain 
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Example: Mesh 
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Example: Mesh 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
One domain for all comp. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A dedicated mesh for each direction 
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Example: Mesh 
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• Simple projection of a 
surface grid onto terrain, 
leads to coarse cells at 
steep slops. Not suited for 
grid convergence studies. 
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Example: Mesh 
34km 
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2. Mesh: Wellington 

30km 
Example: Mesh 
34km 
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2. Mesh: Wellington 

15km 
Example: Mesh 
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2. Mesh: Wellington 

6km 
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2. Mesh: Wellington 

3km 
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2. Mesh: Wellington 

1km 
Example: Mesh 
1km 
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Example: Mesh 
1km 
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Example: Mesh 
1km 
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Example: Mesh 
1km 
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Example: Mesh 
6km 
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Example: Mesh 
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Example: Mesh 
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Example: Mesh 
34km 
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Example: Mesh 
34km 
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Example: Mesh 
1km 
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Example: Mesh 
34km 
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Example: Mesh 
1km 
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Example: CFD 
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Example: CFD 
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3. CFD: Wellington 

Example: CFD 
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3. CFD: 36 wind directions 

Example: CFD 
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Example: CFD 
–Third order QUICK scheme 
– RANS k-ε turbulence model 

–Residuals < 5E-5 
 

68 WAsP CFD, EWEA  2/5/2013 

3. CFD: Convergence 

-5

-4,5

-4

-3,5

-3

-2,5

-2

-1,5

-1

-0,5

0

2227 2327 2427 2527 2627

LO
G

(r
es

) 

Iteration 

U

V

W

P

 5E-5



DTU Wind Energy, Technical University of Denmark 
   

    
   

Example: CFD 
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Example: CFD 
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Example: CFD 
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Example: CFD 
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assessments 
1. Modelling of Wind Resources 
2. Example: WAsP CFD 
3. Example: Forestry modeling based on aerial LIDAR scans  
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Example: Forest 
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Roughness length model 
 
 

• z0: roughness length 
• d: displacement height 

Porous drag model 
 
 

• LAD: leaf area density 
• Cd: drag coefficient 

Example: Forest 
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Modelling of wind resources 
 

1. The flow is Re-independent 
when omitting Coriolis and 
Buoyancy 

 

2. A model cannot predict wind 
resources; it extrapolates 
measurements 

 

3. A method to couple micro- 
and meso-scales is needed  

 

4. Farfield conditions should 
balance the meso-scale mean 
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