
 - 1 - 

    

   

 

 

Urban Air Mobility

Computational Fluid Dynamics, CFD

CFD

Recursive Fitting  (RF ) 1,2 RF

RF
3  

 

 UTCart 4 RF

Caradonna and Tung 
5

Caradonna and Tung 

  

 

1

fluid cell body surface wall 

cell wall face

 

 

1

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 31 -



 - 2 - 

RF

2 RF

RF

RF 1,2  

 

Navier–Stokes  

 

 

 

(1)      

     
   (1)

  6

 

 

 

 

 

(2), (3)   

    

(1)-(3)

SLAU7 Hishida 8

MFGS 7 Dual Time Stepping

Spalart–Allmaras (SA) 9  DDES-p4 

 

 

      

Newton–Raphson  

 

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 32 -



 - 3 - 

 

 

 

 

(5)    

SA 9    

(5) Crocco–Busemann
10  

3

Image Point (IP) ( 3a)4,9 IP   

  IP

   

  IP

( 3b) RF

1  

 

 
 

1  2 RF  

 

 

  
(a) IP  (b)  

3  

 

Body surface

Wall face

Body

Wall cellFluid cell Wall face vertex

Additional point

Wall face of
original Cartesian grid

Wall face

First cell centroidImage point

Wall Wall

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 33 -



 - 4 - 

Caradonna Tung 5

NACA0012

8 [deg] 0.439 0.890  

    

 

4

1/500

76,141,294  

 

 0.179  

0.0882 1

3,600 1

0.890

 

5  ( ) Figure of Merit ( ) 

2 10 5a (1)

10

12 5a (2), (3) 10

4 5a (3)  

 

Oakbridge-CX

 METIS Message Passing Interface (MPI)

896  (wall clock time) 0.439

88 0.890 96 0.890

 

 

5 Figure of Merit 4

1  

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 34 -



 - 5 - 

 

6,7 50%, 80%, 96% 

8 Q

  

RF RF

Caradonna and Tung 

Oakbridge-CX

1 wall clock time 90 100

Caradonna and Tung

  

 

  

2021

 Intelligent Light University Partner Program (UPP) FieldView

 

 

1  

  Figure of Merit 

0.439 0.00516 0.543 

0.890 0.00577 0.457 

 

  

(a)  (b)  

4  

 

Rotational Axis

Tip side
Δx = 1.5 10-2 [in.]

Root side
Δx=3.0 10-2 [in.]

Leading edge

Trailing edge
1R

2R

Δx=0.24 [in.]

Δx=0.48 [in.]

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 35 -



 - 6 - 

  

(a)  (b) Figure of Merit 

5  

 

   

(a)  (b)  (c)  

6  

 

   

(a)  (b)  (c)  

7  

 

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 36 -



 - 7 - 

 

(a)  

 

(b)  

8 Q  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 37 -



 - 8 - 

1. Sugaya, K., and Imamura, T., "Aerodynamic Analysis of Common Research Model at Low Speed 

Conditions Using Recursive Fitting Method and Wall Function," AIAA Scitech 2022 Forum, AIAA 

Paper 2022-0448, January 2022. 

https://doi.org/10.2514/6.2022-0448 

2. Sugaya, K., and Imamura, T., “A Recursive Fitting Approach for Automatic Grid Generation Around 

Aircraft Configuration,” Journal of the Japan Society for Aeronautical and Space Sciences, Vol. 68, 

No. 3, 2020, pp. 115–122 (in Japanese).  

https://doi.org/10.2322/jjsass.68.115 

3. Yu, M. and Wang, L., “A high-order flux reconstruction/correction procedure via reconstruction 

formulation for unsteady incompressible flow on unstructured moving grids,” Computers & Fluids, 

Vol. 139, 2016, pp. 161–173. 

https://doi.org/10.1016/j.compfluid.2016.05.028 

4. Imamura, T., and Tamaki, Y., “Unsteady Flow Simulation Around Two-Wheel Main Landing Gear 

Based on Compressible Navier-Stokes Solver with Immersed Boundary Method,” AIAA AVIATION 

2020 FORUM, AIAA Paper 2020-2579, June 2020. 

https://doi.org/10.2514/6.2020-2579 

5. Caradonna, F. X. and Tung, C., “Experimental and analytical studies of a model helicopter rotor in 

hover,” Conference Paper NASA-TM-81232, NASA, September 1981. 

https://ntrs.nasa.gov/search.jsp?R=19820004169 

6. Nishikawa, H., “Roe Flux in Deforming Mesh,” Web-published note. 

http://doi.org/10.13140/RG.2.2.20266.57288 

7. Shima, E. and Kitamura, K., “Parameter-Free Simple Low-Dissipation AUSM-Family Scheme for All 

Speeds,” AIAA Journal, Vol. 49, No. 8, 2011, pp. 1693–1709. 

http://doi.org/10.2514/1.J050905 

8. Hishida, M., Hashimoto, A., Murakami, K., and Aoyama, T., “A new slope limiter for fast unstructured 

CFD solver FaSTAR,” JAXA Special Publication: Proceedings of 42nd Fluid Dynamics Conference / 

Aerospace Numerical Simulation Symposium 2010, JAXA, February 2011, pp. 85–90, JAXA-SP-10-

012 (in Japanese). 

http://id.nii.ac.jp/1696/00004716/ 

9. Berger, M. and Aftosmis, M. J., “Progress Towards a Cartesian Cut-Cell Method for Viscous 

Compressible Flow,” 50th AIAA Aerospace Sciences Meeting including the New Horizons Forum and 

Aerospace Exposition, Aerospace Sciences Meetings, 2011, AIAA Paper 2012-1303, January 2013. 

https://doi.org/10.2514/6.2012-1301 

10. White, F. M., Viscous Fluid Flow, McGraw - Hill, New York, 1974, pp. 578-581, 627-629. 

 

スーパーコンピューティングニュース� Vol.�24,�Special�Issue�1,��2022- 38 -




