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̎ʹ ˾♣וֹ ♅╛ ͖Ḷ2.
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˷ᴚ4.



ᶙ

3
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É CFD╢ Ḙ♆

⁴̬ ˉ⅔
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É Adaptation ˉ⅔

Ẉ♩ừ ┘Ҽ Ἂ╢ ♩ Ҳ₫ ┬Ἐ╖ Ҽᾋ› е╧͖ ⌐ ˾♣וֹ ♅╛

͖Ḷ(Spatial Adaptation )̐ Timestep Ɑ♇(Time Adaptation )

É Spatial Adaptation

Å ┘Ҽ Ἂ Ὕᴏ ᵎ ͖Ḗ╓ᴘ ˾♣וֹ ♅╛╧ ⅔ ̎ʹ╖ ῴ  Ὕ

Å Octree ͖Ḗ╢ ˾♣וֹ Ř͈ Ἐ╖ ╧↑  ♣וֹ ʷ/♫˛ ↑╧

É Time Adaptation

Å Ẉ♩ừ ┘Ҽ Ἂ╕ ♅♇ Time step Ἅ♩╧ ᵭ→ ⅔שׂ

Å Physical Error╢ ˼ ╖ ṧἊ  Time step ╖ ■Ҽ♅╓ᴘ Ɑ♇

Adaptation ͖Ḷ

͖Ṓֹו♣˾ỵἘ

┘Ҽ Ἂ╖ Ὕᴏ Ҳ

˾♣וֹ ♅╛╧ ⅔ ♣וֹ ѻ

˾♣וֹ ♅╛ ͖Ḷ╖ ♅↑  ♅╛ ˾♣וֹ ỵἘ

it
e

ra
ti
o

n

N step ┘Ҽ Ἂ

N+1 step ┘Ҽ Ἂ

2 step ʹ╢ Error Ẉ̧

PI ♫„ ͖Ḷ╓ᴘ time step Ɑ♇
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É ᶱ˳■ Ἂ ͖ὢ ἲˉ

Á ᶱ˳■ Ἂ ͖ὢ

Á ˳■╢ ˉХ╖ ở↑ קּ Ὸ̃, ֹו♣ᵠ╖ ╧↑  Ὕ Ἂ╖ ѡ ḟḶ

Á ṓᵇ ˳■╢ ˉХ╧ ͖ Ԃᶴ› ┘Ҽ ˾Ợ ₂ ỵἘ╧ ┘⁴ ɠ ■Ҽ ʷѨ

Á ӸׇἉ ͖Ⱳ ˳■ ͖Ḗ╢ Ἂ ͖Ḷ›Ἁ Ḙỵ ѡ ̐Ҳ ♆ ᵖ □ᾋʹ ѻ ʷѨ

ᶱ˳■ ͖Ḷ

Ṑ◄ ừ╧ϫ Ѹᶶ ʹ ừҊ ↔Ҽ╧ Ⱳ◐ ѡ ᶴ♫

ɠ ֹו♣╖ ■Ҽ╓ᴘ ỵἘ  Ἂ

Unstructured mesh                         Meshless point system
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É ᶱ˳■ Ἂ ͖ὢ ἲˉ

Á ˳■˾₫ ᶱ˳■˾ Ẉ̧

Á ˳■˾ѡ ᶶ ʷ ̐Ҳ ˪ ╧Ҽ ˛ϫ Ṇ ӄѡ ˼→, ˳■ Π▄ ừ╧ Ḙỵ ʷѨ

Å ˳■╢ ◐ỵἘ ̐♩›Ἁ ᵡ╕ ᾋʹ╧ ἲᶘ

Á ╧› Ḗ ᶱ˳■˾ѡ ˳■ ˉХ╧ ╧ ♣╢ ⁴˷ ♩ṏᵠ ╧↑ ͖ Ԃᶴ› ┘Ҽ ˾Ợ ₂╖

◐ỵἘ קּ Ὸ̃ Ἂ ʷѨ

Á ӸׇἉ ᶱ˳■ Ἂ ͖Ḷ╕ ›„Ḣ ♆ˉ₫ ˆ╕ ᶶ ʷ Ṱ„ ▐ѡ ừ ›Ἁ ҊṆ ╧ Ⱳ◐

 ┘Ҽ ˾Ợ ₂╖ Ἂ ‹ʹשׂ ỵἘ  ѡ ˳■ ͖Ḗ╢ Ἂ ͖ḶṏѸ ■Ҽ › ┘ᵖ

ɠ Ὕ√ ˪ Ἂ ʷѨ

ᶱ˳■ ͖Ḷ

˳■ Π▄ ừ ₆ᾋ

Ṇ

Ṇ ♆ Ṇ
( Ἂ ʷѨ)

Ṇ
(˳■ ◐ỵἘ ⅔)
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É ᶱ˳■ ♣וֹ ╧Ҽ ͖Ḷ

Á 6 ■┘Ҳ╢ ╖▄רּ∂ ̃ᴋ Ẉ♩ừ ┘Ҽ Ἂ

Á ᾏ♫ ở↑ӄѡ Ẉ Ӧ╢ ╖▄רּ∂ ᶘở ͖ ⌐ 6■┘Ҳᵎ ̃ᴋ ̿Ҳ ˾Ợ ͖Ḷ╖ ᶱ˳

■ Ӣ› ♅↑

Á Translational, Attitude motion ᶘởᵎ ⌐ Mdvsnmŝr k`v ₫ Dtkdqŝr K`vᵎ ╧↑  ̿Ҳ

Ἂ

╧Ҽ ᶶ Ἂ ͖Ḷ
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ᴘ͋ן ̬Ɑ

ᶱ˳■ Ἂ ᴘ͋ן

̎ʹ ♣וֹ ỵἘ Ḑ
Connectivity ̬Ἐ

CAD ╪ᴘ ṥ
ᶑ ˳■ ■Ҽ ỵἘ

┘Ҽ Ἂ Ὕ

♣וֹ ╧Ҽ Ḑ
Connectivity ◐̬Ἐ

6■┘Ҳ Dynamic Eq.╓ᴘ רּ∂
▄ ̬
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̎ʹ ˾♣וֹ ♅╛ ͖Ḷ2.
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É Sphere Ἂ›Ἁ╢ ˾♣וֹ ♅╛ ͖Ḷ

Ἂ ḟ♩ᾌ : Euler Equation

̎ʹ ṧ : M -AUSMPW+

̎ʹ ϼỨ : 3rd MLP

ᾋʹ ♅ṧ : LU-SGS & Dual Time Stepping

̎ʹ ˾♣וֹ ♅╛ ͖Ḷ

Operation 
condition

AOA
(Deg)

■┘ᵃ ἳҲ
(Ma.)

₠Ҳ(K)

0.0 2.0 300.0
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É Sphere Ἂ›Ἁ╢ ˾♣וֹ ♅╛ ͖Ḷ

̎ʹ ˾♣וֹ ♅╛ ͖Ḷ

<0 level adaptation> <1 level adaptation> <3 level adaptation>

313,532 ˉ 783,495 ˉ 3,629,915 ˉ


