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a) 再循環領域：𝐿𝐿𝐿𝐿𝑟𝑟𝑟𝑟 b) 剥離位置：𝜃𝜃𝜃𝜃𝑠𝑠𝑠𝑠 

 
c) ストローハル数：𝑆𝑆𝑆𝑆𝑡𝑡𝑡𝑡 

図 A-7 計算領域を拡大した解析結果（𝑳𝑳𝑳𝑳𝒓𝒓𝒓𝒓,𝜽𝜽𝜽𝜽𝒔𝒔𝒔𝒔, 𝑺𝑺𝑺𝑺𝒕𝒕𝒕𝒕） 
 

  
a) エントロピーの 

瞬時値分布 b) 𝐶𝐶𝐶𝐶𝐿𝐿𝐿𝐿の時間履歴 

図 A-8 計算領域を拡大した計算結果（𝑹𝑹𝑹𝑹𝒆𝒆𝒆𝒆 = 𝟓𝟓𝟓𝟓𝟏𝟏𝟏𝟏） 
 
𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷′に関して特異的な傾向もなくなり、参照解と良く

一致する結果となった。また𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒 = 50の結果は非定常性

を示すものになり、再循環領域、剥離位置、ストロー

ハル数などもこれまで以上に参照解と良く一致する結

果となった。 
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• Discrete Forcing 
• (Face Center, FC) 

•

• FC Image Point (IP) 
• IP 

ANSS2020 5
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• MUSCL, 

• SLAU, Roe

• , 

• MFGS, LU-SGS 
TVD 

•

•

• METIS Flat MPI
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ANSS2020 10

UTCart ( )        UTCart ( )        LBM
Dennis *1 Qu *2

1) Dennis, S.C.R., and Chang, G.Z., 
J .Fluid Mech., Vol. 42, 2006.

2) Qu, L., et al., J. Fluids. Struct., 
Vol. 39, 2013.

This document is provided by JAXA.
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1) Yoon, D.H., et al., Phys. Fluids, Vol. 22, 2010.

This document is provided by JAXA.
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• 0, 30 [deg]
•

• 1/50

• 20,000 (0 [deg]) / 30,000 (30 [deg])
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( 2)
IP FC

• IP
•

• IP

•
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• 1, 0 deg
•
•

• 2
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This document is provided by JAXA.
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UTCart

1 2 ( )

•

3 ( )

• IP

• FC

• FC 
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Re St Lr [deg] Cd Cd,RMS Cl Cl,RMS
10 - 0.73 153 2.78 - -1.81E-12 -
20 - 1.40 137 2.02 - -2.29E-12 -
30 - 2.08 132 1.70 - -2.35E-12 -
40 - 2.75 127 1.51 - -2.24E-12 -
50 - 3.42 125 1.39 - -2.05E-12 -

1) Dennis, S.C.R., and Chang, G.Z., 
J .FluidMech., Vol. 42, 2006.

UTCart

*1

Re [deg] Cd,ave
10 - 2.85
20 - 2.05
40 - 1.52

This document is provided by JAXA.
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1 

ANSS2020 25

Re St Lr [deg] Cd,ave Cd,RMS Cl,ave Cl,RMS
50 0.123 3.03 125 1.42 7.82E-5 -3.29E-4 3.46E-2
60 0.135 2.63 124 1.39 6.67E-4 2.47E-4 8.88E-2
80 0.153 2.18 121 1.35 2.93E-3 -1.13E-3 1.64E-1
100 0.162 1.93 119 1.33 6.27E-3 2.01E-3 2.26E-1
125 0.175 1.72 117 1.32 1.16E-2 3.98E-4 2.95E-1
150 0.182 1.57 116 1.32 1.77E-2 -3.84E-4 3.59E-1
175 0.190 1.46 115 1.32 2.41E-2 9.50E-5 4.18E-1
200 0.195 1.37 114 1.33 3.06E-2 -1.42E-3 4.70E-1

UTCart

*1

Re [deg] Cd,ave Re [deg] Cd,ave
50 124 1.40 150 115 1.30
100 118 1.32 200 113 1.32

1) Qu, L., et al., J. Fluids. Struct., Vol. 39, 2013.

1 

• Re = 10
•
•

ANSS2020 26

St Lr [deg] Cd,ave Cd,RMS Cl,ave Cl,RMS
1/82 - 0.724 154 2.782 - 1.83E-12 -
1/164 - 0.726 153 2.784 - -1.81E-12 -
1/328 - 0.736 152 2.785 - 2.09E-13 -

This document is provided by JAXA.
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1 IP

• Re = 10
• Image Point 
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dIP St Lr [deg] Cd,ave Cd,RMS Cl,ave Cl,RMS
2dx - 0.726 152 2.784 - -1.81E-12 -
3dx - 0.726 153 2.784 - -1.81E-12 -
4dx - 0.725 154 2.784 - -1.81E-12 -

2 

• Re = 30
•

ANSS2020 28

Cd,ave Cl,ave Lr
1/82 1.85 -1.89E-14 2.54
1/164 1.85 -5.31E-14 2.54
1/328 1.86 3.38E-11 2.56

This document is provided by JAXA.
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2 

ANSS2020 29

[deg] Re Lr St Cd, ave Cd, RMS Cl, ave Cl, RMS

0 60 3.101 0.12 MS 1.52E+0 6.98E-4 7.65E-4 8.11E-2
0 100 2.455 0.14 MS 1.43E+0 4.89E-3 1.51E-3 1.78E-1
0 150 2.124 0.15 DSV 1.42E+0 1.46E-2 -2.77E-3 2.76E-1

2.5 60 3.037 0.12 MS 1.48E+0 2.00E-3 7.04E-3 7.29E-2
2.5 100 2.379 0.145 SSV 1.39E+0 8.13E-3 -1.71E-2 1.71E-1
2.5 150 2.045 0.155 DSV 1.38E+0 2.03E-2 -6.38E-2 2.68E-1
15 60 2.563 0.135 MS 1.43E+0 1.01E-2 4.43E-2 9.84E-2
15 100 1.815 0.16 MS 1.44E+0 4.12E-2 1.30E-2 2.73E-1
15 150 1.402 0.18 MS 1.53E+0 1.02E-1 -8.12E-3 4.86E-1
30 60 2.154 0.145 MS 1.52E+0 1.35E-2 5.27E-2 1.73E-1
30 100 1.494 0.175 MS 1.62E+0 4.71E-2 4.97E-2 4.11E-1
30 150 1.187 0.19 VM 1.77E+0 9.81E-2 2.48E-2 6.24E-1
45 60 2.036 0.145 MS 1.57E+0 4.34E-3 -1.28E-3 2.05E-1
45 100 1.429 0.185 VM 1.69E+0 2.61E-2 -1.68E-3 4.51E-1
45 150 1.154 0.195 VM 1.84E+0 5.92E-2 1.16E-3 6.38E-1

3 
• 1.5, 1,000

• 310 K, 310K

•

• Coarse : 
118,000

• Medium : 
213,000

• Fine : 
401,000

• Refinement Box

•

ANSS2020 30

Fine 
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3 
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• Coarse s/D~0.3
•
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