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Lesson 3: Aerodynamics 
 

 

• Rotor Aerodynamics 

– Introduction 

– 1D momentum theory and BEM 

– BEM and induction model in HAWC2 

– Tip loss and yawed inflow corrections 

– Dynamic inflow 

 

• 2D Aerodynamics 

– Introduction 

– Aerodynamic forces and profile steady curves 

– Attached flow dynamics (indicial function) 

– Flow separation dynamics (dynamic stall model) 

 

• HAWC2 Aerodynamics; step 1-6 

– Small Exercise: “Power up your turbine” 
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Step 1: \data\NREL_5MW_ae.txt 

Finite element mesh

Finite element mesh

Chord (4.652m) 

Chord (3.01m) 

Thickness (1.6282m) 

Thickness (0.5117m) 

 
1 Chord[m] T/C[%] Set no. 
1 19 Blade 
… 
 14.350 4.652 35.000 1 
 43.050 3.010 17.000 1
   

… 

(r=14.35m) 
(r=43.05m) 

Thickness/Chord 

\data\NREL_5MW_ae.txt 
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1 Airfoil data for the nrel 5 mw turbine 
8 
1   127  17.0 comments here... 
-180.00    0.000   0.0198   0.0000 
-175.00    0.374   0.0341   0.1880 
 ...  ... ... 
+175.00    0.749   0.0955   0.3770 
+180.00    0.659   0.2807   0.2747 
2   127  21.0 comments here... 
-180.00    0.000   0.0198   0.0000 
-175.00    0.374   0.0341   0.1880 
 ...  ... ... 
+175.00    0.749   0.0955   0.3770 
+180.00    0.659   0.2807   0.2747 
 ...  ... ... 
8   127  100 comments here... 
-180.00    0.000   0.0198   0.0000 
-175.00    0.374   0.0341   0.1880 
 ...  ... ... 
+175.00    0.749   0.0955   0.3770 
+180.00    0.659   0.2807   0.2747 
 

1. Total number of “sets” 

2. Number of profiles in the first set. 

3. First profile in the first set: 
 

Index | N rows | t/c profile (link to ae) 
 

NB: The t/c in increasing order 

  

Then for each profile, steady coefficients 
table: 

o Aoa [deg] (arbitrary spacing) 

o Cl 

o Cd 

o Cm 

Step 2: \data\NREL_5MW_pc.txt 

\data\NREL_5MW_pc.txt 

#5=35% #1=17% 
#2=21% 

r=43.05m 34.85 
38.95 

#3=25% 

26.65 
30.75 

#4=30% 

22.55 

14.35 

18.45 
10.25 

#6=40% 

#7=90% 

6.8 

4.1 

#8=100 
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Step 2: \data\NREL_5MW_pc.txt r=45.00m 
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AIRFOIL DATA @ r=45 meter from blade root 
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Step 3: \htc\structure_aero.htc 

Finite element mesh

Finite element mesh

Twist 
(-11.48deg) 

(z=14.35m) 
(z=43.05m) 

Chord/2 

Master body  
coo. center 

z 

x 

x 

y 

dy 

dx 

c2 coordinate system 

 
 begin main_body; 
   name blade1;  
… 
   begin c2_def; 
     nsec 19 ; 
…           ; ”dx”   ”dy”   ”z”   ”twist” 
     sec 6  -0.5699 0.1157 14.350 -11.480 ; 
     sec 13 -0.3757 0.0205 43.050  -3.125 ; 
… 
   end c2_def ; 
 end main_body; 

\htc\structure_aero.htc 

x 

y 

Can also be used to add 

  - prebend (dy, dy) 

  - sweep (dx, dx) 

Twist 
(-3.125deg) 

dy 

dx 

Chord/2 

x 

y 

x 

y 
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  The aerodynamic originates on the 
rotor blades 

Structural layout of the blades given 
by c2_def (twist angle) 

  Link blades to structure 

link and hub_vec  

  Give blade(s) description in the 
model: 

– Discretize into aero sections 

aerosections or 
aero_distribution 

– Define the aerodynamic layout 

ae_filename (+ file) 

– Give the steady profile 
coefficients 

pc_filename (+ file) 
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begin aero ; 

  nblades  3; 

  hub_vec shaft -3 ; 

  link 1 mbdy_c2_def blade1; 

  link 2 mbdy_c2_def blade2; 

  link 3 mbdy_c2_def blade3; 

  induction_method   1 ; 

  aerocalc_method    1 ;  

  tiploss_method     1 ;       

  aerosections       30 ; 

  ae_filename     .\data\NREL_5MW_ae.txt; 

  pc_filename     .\data\NREL_5MW_pc.txt;       

  ae_sets            1 1 1; 

  dynstall_method    2 ; 

  ; … 

  ; other optional inputs… 

  ; …  

end aero ; 

Step 4: \htc\structure_aero.htc     (continued…) 
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Aerodynamic models: 

0. Quasi-steady 

1. Stig Øye:  

1 lag dyn.st., QS attached 

2. Morten H.’s Beddoes-Leishmann:  

Attached flow dynamics, 2 lags dynamic 
stall model 

3. ATEFlap model: 

 as 2, includes TE flaps effects   
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begin aero ; 

  ; … 

  dynstall_method    2 ; 

  ; … 

  ; other optional inputs… 

  ; … 

  ; sub-block with model inputs 

  ; …  

end aero ; 

; 

begin aerodrag ; 

  begin aerodrag_element ; 

  ; … 

  end aerodrag_element ; 

end aerodrag ; 

Step 5: \htc\structure_aero.htc     (continued…) 
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Step 6: start HAWC2MB from DOS command prompt 

I. Go to your HAWC2 main directory 

II. Click on ”Start_dos.bat” 

 

 

III.Type ”hawc2mb.exe ./htc/structure_aero.htc” to start hawc2 

IV. After the computation is complete check the ./res/ directory for result file 
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Exercise: Power up your turbine 
 

1
0 
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Exercise: Power up your turbine 
 

1
1 

Open the .\htc\structure_aero_2.htc file 

 

• Check the command block for the aerodynamics described in step 1-6.  

 

• Perform simulation for step changes in wind (constant rpm and pitch), 
wind speeds ranging from 4-14m/s.  

 

• Check the output: 

– Does it work? Does it make sense? 

– Are the aerodynamic input data OK? 
 

 

 

o Repeat the simulation with the induction turned off. What does it change? 

o Include tower shadow effects, simulate with MHH model, repeat with Quasi-Steady 
aerodynamics. What does it change? 


