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Unsteady Aerodynamic Analysis for Helicopter Rotor in Hovering and Forwarding Flight 
Using Overset Grid

Dong-Kyun Im, Seong-Yong Wie, Eugene Kim, Jang-Hyuk Kwon and Duck-Joo Lee

In this paper, helicopter aerodynamics is simulated in hovering and forwarding flighst. The governing equation 
is the unsteady Euler equation. To consider the blade motion and moving effects, an overset grid technique is 
applied in this simulation. At the boundary, the Riemann invariants condition is used for inflow and outflow. To 
validate this method, the result is compared with Caradonna-Tung's experimental data. 

Keywords:

1. 
  

. 

. 

. 
  
source - sink 

. 
Jasim Ahmad 

[1] Zhao 
Navier-Stokes 

. [2]
  

Caradonna & Tung's .

2. 
  3

. 
. 

2.1 
5 1

. 5 3
Body Body Blade
Background H-type . Blade
21×67×105 Background 
89×97×97 .  collective pitch 
8 , AR 6 . 

collective pitch 
0 AR 7 . 



1. Caradonna & Tung's Rotor 
Blade

2.2 
[3] [4]

Caradonna & Tung's Rotor 
. , collective pitch 

8 , Tip Mach 0.439 Caradonna & Tung's 
collective pitch 0 , Tip 

Mach 0.8 0.2
. 

2.3 

. 
. 

Roe FDS(Flux Difference Splitting) 
Harten . 

MUSCL
Minmod 

. [5]
ADI 

. 
Riemann . [6,7]

2.4 

, 
. ( 

domain connectivity) (interpolation 
point) . 

.[8] 

. 

3. 

3.1 
  Caradonna & Tung's 

Panel method . 

1. 
(CT) 



x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1

-0.5

0

0.5

1

Experiment
Overset_grid
Panel method

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1

-0.5

0

0.5

1

Experiment
Overset_grid
Panel method

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1

-0.5

0

0.5

1

Experiment
Overset_grid
Panel method

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1

-0.5

0

0.5

1

Experiment
Overset_grid
Panel method

2. 

3. 

3.2 
  Caradonna &
Tung's .[4, 9] 

Pitch Flap collective pitch 0
. 

. 
7, Tip Mach 0.8, 0.2 . 
  4 . 

y
. 



4. 

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

1.5

Overset grid
Experiment

a.   = 30

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

1.5

Overset grid
Experiment

b.  = 60

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

1.5

Overset grid
Experiment

c.  = 90

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

1.5

Overset grid
Experiment

d.  = 120



x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

1.5

Overset grid
Experiment

e.   = 150

x/c

C
p

0 0.2 0.4 0.6 0.8 1

-1.5

-1

-0.5

0

0.5

1

1.5

Overset grid
Experiment

f.   = 180
5. r/R = 0.8925 

5 r/R = 0.8925 
. collective pitch 0

pitching flapping 5
azimuth 0 . 

azimuth Blade 

. 

4. 

  
.  

Caradonna & Tung's 
. 

   
Panel mathod 

. 

pitching flapping collective pitch 0
Blade 

.
  

Pitching 
Flapping 

. CFD Freewake method
.  

(KARI ) .

[1] 1996, Jasim Ahmad and Earl P.N. Duque, "Helicopter Rotor 
Blade Computation in Unsteady Flows Using Overset Grids", 
Journal of Aircraft, Vol 33, No 1

[2] 2006, Zhao, Q.J., Xu,G.H., and Zhao, J.G., "New Hybrid 
Method fo1r Predicting the Flowfields of Helicopter Rotors," 
Journal of Aircraft, Vol 43, No 2

[3] 1981, Caradonna, F.X. and Tung, C., "Experimental and 
Analytical Studies of a Model Helicopter Rotor in Hover," 
NASA TM-81232, Sept.

[4] 1984, Caradonna, F.X., Laub, G.H., and Tung, C.,"An 
Experimental Investigation of the Parallel Blade-Vortex 
Interaction," NASA TM-86005, Nov.

[5]  1999, , “Upwind 
,” , 

[6]  2003, , “Navier-Stokes 
,” , 

[7]  2001, Sung, C.H., and Kwon, J.H., "Multigrid Diagonalized 
ADI Method for Compressible Flows," AIAA Paper 
2001-2556, June

[8]  2007, Eugene Kim and Jang Hyuk Kwon, "Prediction of 
Ballistic Separation Effect By Direct Calculation of 
Incremental Coefficients."  Parallel Computational Fluid 
Dynamics, May 21-24, Antalya Turkey

[9]  2003, , “
”, , 


