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ABSTRACT 
A new interface model in solid-fluid interaction problem is presented. A level set function is used for the definition of shapes and flow 
properties are corrected within three layers of stencils around interface. This approach is very simple and robust and can capture the detail 
of flow structures including discontinuities such as shock waves and slip lines etc.. Some basic important 2-D Euler flow problem are 
solved to verify effects of this approach with WCNS (Weighted Compact Nonlinear Scheme) including a new type of compact scheme to 
improve robustness including the transonic flow around a 2-D airfoil, the supersonic duct flow around a prism and a circular cylinder and 
the moving-shock/obstacle interaction problem (Schardin’s problem). The extension of this method to the moving problem with body 
deformation is straightforward. 
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Fig. 1  Schematic image around interface  

(Normal condition). 

 
Fig. 2  Schematic image around interface  

(Special condition). 
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Fig. 3  Mach Contours (NACA0012, M=0.8,  

 = 1.25deg., x=0.02, y=0.00625). 
 

 
 
Fig. 4  Mach Contours (NACA0012, M=0.8, 

 = 1.25deg., x=0.01, y=0.00625). 
 
 

 
 3.5

Lx=120 mm Ly=30 mm

20 11 mm 5 
mm 1001×251

LLF(9) CFL=0.5  
Fig. 5 Fig. 6

35.58 (2) Fig. 5
35.6 D

x x/D=0.293(2)

Fig. 6 x/D 0. 3

 
 

 
  

 Ms=1.30
Schardin (2)

Fig.7 (2)
30 b= 20mm x

54mm Lx=200mm Ly=150mm
0.05MP

300K
t 2001×1501

, Roe scheme CFL = 
0.5  
Fig.8  t=138 sec shadowgraph

(2) (2), Fig.14
t=28 178 sec

Fig. 9

 
 
 

 

WCNS

 
WCNS

 
 
 

x

y

1.5 2 2.5 3 3.5
-0.5

0

0.5

1

cc

1.32
1.2
1.08
0.96
0.84
0.72
0.6
0.48
0.36
0.24
0.12
0

x

y

1.5 2 2.5 3 3.5
-0.5

0

0.5

1

cc

1.32
1.2
1.08
0.96
0.84
0.72
0.6
0.48
0.36
0.24
0.12
0

This document is provided by JAXA.



宇宙航空研究開発機構特別資料　JAXA-SP-14-010154

 

(1) , “ , ”
, (2012). 

(2) A. Chaudhuri, A. Hadjadj and A. Chinnayya, “On the use of 
immersed boundary methods for shock/obstacle 
interactions”, Journal of Computational Physics, 230, 
(2011), pp.1731-1748. 

(3) , "
," 27

, (2013), C03-2. 
(4) , , " Anti-diffusion interface sharpening technique

," 27
, (2013), C03-3. 

(5) G. S. Jiang, C. W. Shu, “Efficient implementation of 
weighted ENO scheme”, Journal of Computational Physics, 
126, (1996), pp.202-228. 

(6) X. Deng and H. Zhang, “Developing high-order weighted 
compact nonlinear schemes”, Journal of Computational 
Physics, 165, (2000), pp. 22-44. 

(7) T. Nonomura and K. Fujii, “Robust explicit formulation of 
weighted compact scheme”, Computers & Fluids, 85, 
(2013), pp. 8-18. 

(8) , , " Residual 
Distribution ," 14

, (2000), E03-3. 
(9) E. F. Toro, “Riemann solvers and numerical methods for 

fluid dynamics: A practical introduction (3rd edition)”, 
Springer, (2009). 

 
Fig. 7  Schematic diagram of Schardin’s problem(2). 

 
Fig. 8  Numerical shadowgraph image at t=138 sec. 
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Fig.5  Density Contours (prism,  M=3.5) 

Fig.6  Density Contours (Circular cylinder,  M=3.5) 
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Fig.9 Snapshots of density distribution for Schardin’s problem.
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