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ABSTRACT 
A trial towards integration of EFD (Experimental Fluid Dynamics) and CFD, development of a system called Digital/Analog 
Hybrid Wind Tunnel, is introduced. The aim of the system is to improve efficiency, accuracy, and reliability of aerodynamic 
characteristics evaluation in aerospace vehicle developments through mutual support between EFD and CFD. The function of 
the system consists of optimization of test planning utilizing pretest-CFD calculations, an accurate correction of the wind tunnel 
wall and support interaction effects through CFD, CFD data refinement based on EFD data, the most probable aerodynamic 
characteristics estimation based on both EFD and CFD data, database including EFD and CFD data for an identical condition, 
and so forth. Key technical challenges in the system development are addressed. The detailed system design will be conducted, 
further identifying the needs and available techniques suitable to the system. 

1.

(EFD Experimental Fluid 
Dynamics) 1970

(CFD  Computational Fluid 
Dynamics
CFD

EFD CFD

EFD CFD

EFD
CFD

EFD/CFD
NASA Langley 3

(ViDI: Virtual Diagnostics Interface 
System) 1)

3 CAD
CFD

(Live View 3D)
CFD

(JAXA)
(EFD) [PIV], 

[PSP] CFD

CFD

EFD/CFD /
[ ]

CFD

ViDI
EFD/CFD

EFD CFD
2)

2. EFD CFD
2.1

This document is provided by JAXA.



�2 宇宙航空研究開発機構特別資料　JAXA-SP-08-009

EFD
/

/

CFD

EFD/ CFD

2.2 EFD/CFD
CFD EFD

CFD

CFD
CFD

CFD

2.3
(EFD)

CFD
( )

1

EFD CFD

CFD CFD

3. /
3.1

2

CFD
/ / /

/

JAXA

CFD
EFD CFD

/

3.2
JAXA

JAXA 2m 2m (TWT1)

2

CFD

CFD
/ EFD/CFD

EFD/CFD
Internet

CFD
CFD

EFD/CFD

CFD

3.3

1

This document is provided by JAXA.



��第40回流体力学講演会／航空宇宙数値シミュレ−ション技術シンポジウム2008論文集

/
CFD

/

CFD CFD

EFD/CFD

2
3 CFD

1 (
)

EFD

CFDCFD

2D/3D2D/3D

EFD/CFDEFD/CFD

CFD
( )
CFD

( )

•
EFD/CFD
•

/ CFD/ CFD

CFD

EFD CFD

EFD

CFDCFD

2D/3D2D/3D

EFD/CFDEFD/CFD

CFD
( )
CFD

( )

•
EFD/CFD
•

/ CFD/ CFD

CFD

EFD CFD

EFD

CFDCFD

2D/3D2D/3D

EFD/CFDEFD/CFD

CFD
( )
CFD

( )

•
EFD/CFD
•

/ CFD/ CFD

CFD

EFD CFD

CFD

-

CFD

-
CFD

EFD/CFD2
- 2D/3D

2
- 2D/3D

- /
-

- /
-

-
CFD FEM

-

CFD
-

-

CFD
-

-

EFD CFD

-3

0

+2

+4

-2

EFD/CFD
-

CFD

-

CFD

-

CFD

-

CFD

-
CFD

EFD/CFD

CFD

EFD/CFDEFD/CFD2
- 2D/3D

2
- 2D/3D

2
- 2D/3D

2
- 2D/3D

- /
-

- /
-

-
CFD FEM

-

- /
-

- /
-

- /
-

- /
-

-
CFD FEM

-

-
CFD FEM

-

CFD
-

-

CFD
-

-

CFD
-

-

CFD
-

-

CFD
-

-

CFD
-

-

EFD CFD

-3

0

+2

+4

-2

EFD CFD

-3

0

+2

+4

-2

-3

0

+2

+4

-2

EFD/CFD
-

EFD/CFD
-

EFD/CFD
-

3.4
3

2) CFD JAXA
JAXA
CFD EFD

Web

EFD
raw data

CFD

EFD

CFD

s/w

s/w

s/w

W

s/w s/w

s/w

WEB

F/W

GUI

( )

s/w

s/w

CFD s/w

JAXA

CFD

s/w
CFD

s/w

EFD

s/w
EFD

s/w

CFD

EFD
raw data

CFD

EFD

CFD

s/w

s/w

s/w

W

s/w s/w

s/w

WEB

F/W

GUI

( )

s/w

s/w

CFD s/w

JAXA

CFD

s/w
CFD

s/w

EFD

s/w
EFD

s/w

CFD

4.
4.1

CFD

3)

Navier-Stokes
TAS4)

4 PC 10
1000

TAS

3

DLR-F6DLR-F6

2

1 /

4

3

This document is provided by JAXA.



�4 宇宙航空研究開発機構特別資料　JAXA-SP-08-009

4.2

PIV PIV
5

100

Cell
GPGPU PC 2

PC

PIV

(Cell, GPGPU )

PC

PIV

(Cell, GPGPU )

4.3 EFD/CFD

EFD/CFD
1) 2) 3)EFD CFD

4)CFD EFD

EFD/CFD

( ) EFD/CFD

5)

EFD/CFD

Neural Network6) (Data Assimilation)
7)

EFD CFD CFD EFD
8) CFD

/
CFD / 2

3 CFD

5.
EFD/CFD CFD

/

EFD/CFD

/

EFD/CFD

EFD/CFD

1) Schwartz, R. J. and Fleming, G. A., "Virtual Diagnostics 
Interface: Real Time Comparison of Experimental Data 
and CFD Predictions for a NASA Ares I-Like Vehicle,” 
Proc. ICIASF 07, R56, 2007. 

2) , , , “JAXA /
,” 40

/
2008 , 1C13, 2008.  

3) Lahur, P. R., “Automatic Hexahedra Grid Generation 
Method for Component-based Surface Geometry,” AIAA 
Paper 2005-5242, 2005. 

4) Nakahashi, K., Ito, Y., and Togashi, F., “Some Challenges 
of Realistic Flow Simulations by Unstructured Grid CFD,” 
Int. J. Numerical Methods in Fluids,  Vol. 43, Issue 6-7, 
2003.

5) Takeshima, Y., et al, “Adaptive Visualization of Meas-
urement-Integrated Simulation of Karman Vortex Sheet 
Based on Topological Skeltonization,” Proc. 5th Int. 
Sympo. on Advanced Fluid Information, 2005. 

6) Navarrete, J. A. and Meade, A. J., “Fusion of Experimen-
tal Data and Mathematical Model in the Simulation of 
Aerodynamic Coefficients,” AIAA Paper 2004-952, 2004. 

7) , , , ” :
,” , Vol. 53, No. 2, 2005. 

8) , “PIV( ) CFD
,” JAXA-SP-04-012, 2005. 

5 PIV

This document is provided by JAXA.




