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2

͔͙̇͡ ͙ ͊͒͊͘;͙

Å˾͊ͪ͊͋ͦͭ͊͘͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ ͔͍ͦͫ·ͻ ͔͍ͦͣͨͪͫͫͦͪͦ͟ ͫ ͯ;͔ͭͦͣ ΅͔͔͍͎ͦͦ͡ ˹˾̂Υ 

o ͍͒ͯͻ͔ͫͭͯͨͤ;͊ͭ·͚ ͍͔͙ͤͭ͡Ύͭͦͪ
o ͔ͫͭͯͨͤΈ -˸1
o ͫͭ ͔ͯͨͤΈ ˴˹˨ 

Åˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͙͡Ύ͙ͤΎ ͔͙ͨͦͦ͗ͤ͡Ύ ͙ ͙ͭͨ͊ ͪͦͭͦͪ-ͫͭ͊ͭͦͪ ͙͔ͤͭͪͺ͔͚ͫ͊ ͔ͣ͗͒ͯ ˾˴ ͙ ˹˾̂
Å˻ͼ͔ͤ͊͟ ͍͙͡Ύ͙ͤΎ ˹˾̂ ͤ͊ ͪ͊͋ͦͭͯ ͔͍ͦͣͨͪͫͫͦͪͦ͟ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ ;͊ͫͭͦͭ͊ͻ ͍ͪ͊΅͔͙ͤΎ

˨͡Ύ ͍͔͙ͯ͡;͔͙ͤΎ ͙͍͒͊ͨ͊ͦͤͦ͘ ͚ͯͫͭͦ;͙͍͚ͦ ͪ͊͋ͦͭ· ͔͍ͦͣͨͪͫͫͦͪͦ͟ ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎΌͭͫΎ ͤ͊͒ͪͦͭͦͪͤ·͔
͚͍ͯͫͭͪͦͫͭ͊ ό˹˾̂ύ ͙ͪ͊͘͡;͎ͤͦͦ ͙ͭͨ͊

͔͙̇͡ ͪ͊͋ͦͭ·Υ



˽͔͍ͪ͊Ύ ͔ͫͭͯͨͤΈ ͫ ˹˾̂

˴͙ͦ͡;͔͍ͫͭͦ ͦͨ͊ͭͦ͟͡Υ ˾˴м ςннΣ ˹ˢм ςпнΣ ˾˴н ςплΣ ˹ˢн ς72.
˹˾Υ̂ ͦ͟͡Έͼ͔͍͊Ύ ͨͦͦͫͭ͡ΈΣ ͦͭͦͪ͊͟Ύ ͔͙ͫͦ͒ͤΎ͔ͭͫΎ ͫ ͨͪͦͭͦ;͚ͤͦ ;͊ͫͭΈΌ ;͔͔ͪ͘ мнл ͍ͨ͊ͦ͘, 
͔ͤ͊ͦͤͤͤ͟͡·ͻ͍ ͤ͊ ͍͔͙͙͍ͨͪ͊ͤͪ͊͡΅͔͙ͤΎͤ п͊рɕΦ ˽͔͔ͪͪ͟·͍͔͊ͭ ͔͙ͨͪͺ͔͙ͪΌ ˾˴м ͒ͦ ͔͔͙ͫͪ͒ͤ· 
͔͍͚ͦͫͦ ͻͦͪ͒·

˴ͦͤͺ͙͎ͯͪ͊ͼ͙Ύ ͍ͨ͊ͦ͘ ˹˾̂

3

˨͍ͯͻ͔ͫͭͯͨͤ;͊ͭ·͚ ͍͔͙ͤͭ͡Ύͭͦͪ

˹˾̂

˿͔ͭͦͪ͟ ˹˾̂



˿͔ͭͦ;ͤ͊Ύ ͔ͣͦ͒͡Έ ͫ ˹˾̂

˽͍ͦͫͭ͊ͤͦ͊͟

Á͋ͦ͡;ͤͦ-͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͊͟Ύ ͔ͫͭ͊͟AutoGrid5+IGG
Á͙ͪ͊͒͊͡Έͤ·͚ ͊ͦͪ͘͘ ͯ ˾˴м ͙ ˾˴н0.3 ͣ ͣ
Á͍ͭͯͦ͡;ͤ·͚ ͊ͦͪ͘͘ ͯ ˹ˢм
Á ~пΦр ͣͤ͡ ͍ͯͦ͘͡
Á y+ < 1

Á NumecaFine/Turbo v. 13.1
Á͔͙ͭͪͣ;͔͙ͫ͟-͍͔ͫͦͪ΄͔ͤͤ·͚ ͎͊͘
Á NLH Basic 3 ͎͙͙͊ͪͣͦͤ͟
Á͔ͣͦ͒͡Έ ͔͙ͭͯͪ͋ͯͤͭͤͦͫͭ͡ Spalart- Allmaras
Á͍ͻͦ͒Υ P0 = 1 ͊ ͭͣ, T0 = нууΦмр ˴Σ Vz/|V| = 1
Á ·͍ͻͦ͒Υ ͍͊ͪΈ͙͍͙͔ͪͦ͊ͤ P͙͙͡ G

4

˽͍ͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͙



RS ͍  ͔͊ͦͪ͘͘

RS ͍  ˹˾̂

RS ͤ ͊ ͔͙ͨͪͺ͔͙͙ͪ

5

ˤ·ͫͦͭ͊ ͎͊͗͒ͦͦ͟ ͋ͯͺ͔͎ͪͤͦͦ ͋ͦ͊͟͡ ͫͦ ͫͭͦͪͦͤ· ˹˾̂ ~н҈ ͦͭ ͍·ͫͦͭ͊ ͨ͊͊͘
ˤ·ͫͦͭ͊ ͋ͯͺ͔ͪͤ·ͻ ͍͋ͦͦ͟͡ ͍ ͔͊ͦͪ͘͘ ˾˴ ͒ͦ ол҈ ͊ͦͪ͊͘͘

ˉ

G, ͟ ͎κͫ

ˉ

ʹ

ˤ͙͡Ύ͙͔ͤ ͔͙ͨͦͦ͗ͤ͡Ύ ˾˿ ͙ͤ ͔ͭͪͺ͔͚ͫ͊ ͔ͣ͗͒ͯ ˹˾̂ ͙ ˾˴

0.4% 0.5%

4%

2%



6

ˤ·ͫͦͭ͊ ͎͊͗͒ͦͦ͟ ͋ͯͺ͔͎ͪͤͦͦ ͋ͦ͊͟͡ ͫͦ ͫͭͦͪͦͤ· ˹˾̂ ~н҈ ͦͭ ͍·ͫͦͭ͊ ͨ͊͊͘
ˤ·ͫͦͭ͊ ͋ͯͺ͔ͪͤ·ͻ ͍͋ͦͦ͟͡ ͍ ͔͊ͦͪ͘͘ ˾˴ ͒ͦ ол҈ ͊ͦͪ͊͘͘

ˉ

G, ͟ ͎κͫ

ˉ

ʹ

RS ͍  ͔͊ͦͪ͘͘

RS ͍  ˹˾̂

RS ͤ ͊ ͔͙ͨͪͺ͔͙͙ͪ

ˤ͙͡Ύ͙͔ͤ ͔͙ͨͦͦ͗ͤ͡Ύ ˾˿ ͙ͤ ͔ͭͪͺ͔͚ͫ͊ ͔ͣ͗͒ͯ ˹˾̂ ͙ ˾˴

0.4% 0.5%

4%

2%



ˉ

G, ͟ ͎κͫ

˥˶ˢ˨˴ˢ̒ ˽̉

˹˾̂ о ͎͙͙͊ͪͣͦͤ͟

˹˾̂ р ͎͙͊ͪͣͦͤ͟

ˉ

ɖ

7

RS ͍  ˹˾̂

͙̅ͤ͊͡Έͤ͊Ύ ͔ͣͦ͒͡ΈΦ ˤ͙͡Ύ͙͔ͤ ͙ͦ͟͡;͔͍ͫͭ͊ ͎͙͊ͪͣͦͤ͟ 

0.4% 0.5%

4%

2%



ˉ

GΣ ͎͟κͫ

˥͊͒͊͟͡Ύ ˽̉
˹˾̂

70%
u 338

85%
u 410

100%
u 483

8

ʹ

G, ͟ ͎κͫ

˥͊͒͊͟͡Ύ ˽̉
˹˾̂

70%

85%

100%

ˤ͙͡Ύ͙͔ͤ ˹˾̂ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ ͔͙ͪ͗ͣ͊ͻ

N = 70% N = 85% N = 100%

ʂʇɼ_ʨʪ, % æKy, % ʂʇɼ_ʨʪ, % æKy, % ʂʇɼ_ʨʪ, % æKy, %

ɻʣʘʜʢʘʷ ʇʏ84.52 18.57 87.65 23.51 78.00 11.37

ʅʈʋ 84.56 25.22 87.21 24.61 77.90 11.27

æ ʅʈʋ +0.04% +6.65 -0.44 +1.1% -0.1% -0.1%

4%
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N=100%N=70% N=85%

10%

98%

50%

͔́;͔͙͔ͤ ͤ͊ ͔ͨͪ͒ͫͪ·͍ͤ·ͻͭͦ;͊͟ͻΦ ˥͊͒͊͟͡Ύ ˽̉



10

˾͊ ͋ͦ;͊Ύ ͭͦ;͊͟ ˽ͪ ͔͒ͫͪ·͍ͤ͊Ύͭͦ;͊͟ (G = 4.85͎͟κͫύ

͔́;͔͙͔ͤ ͤ͊ ͔͙ͨͪͺ͔͙͙ͪ ˾˴м ͤ͊ ͔͙͔ͪ͗ͣ тл ҈Φ ˥͊͒͊͟͡Ύ ˽̉



11

˽͔͚͍͙͔͙ͦ͒͒ͫͭͣͪ͊ͤ͘ͼ·͍͔͙͚͍͒͊ͤͦ͡ ͔͍ͫ·ͻ
ͨ͊͊͘ͻ͔͙͔ͪ͊ͯͭͫ͘͡Ύ͔͔͔ͨͪͭ;͍͊ͦ͒ͯ͘͟ͻ͙͊͘
͔ͣ͗ͦͨ͊ͭͦ͡;͎ͤͦͦ͊ͤ͊͊ͫͦ͟͡ ͫͭͦͪͦͤ·
͍͔͙͒͊ͤ͡Ύ͙͍ͦͨ͊ͭͦ͟͡ ͋͊ͫͭ͡Έ͔͔͔͔͔͚ͨͪ͒ͨͪ͒ͤ
͚ͪͦͣͦ͟͟:

Å͙͔ͦͭ͋ͪ͊ͭͫΎ͍ͦ͒ͯ͘ͻ͙͚͊ͫͭͦͤ͘͘·ͻͦͤ͘
Å͔ͯͣͤΈ΄͔͊ͭͫΎ͎ͤ͊ͪͯ͊ͤ͊͘͟ ͫͭͦͪͦͤͯ
͍͔͙͒͊ͤ͡Ύ͙͍ͦͨ͊ͭ͟͡ ͙͙ͦ͋͊ͫͭͨ͊͊͘͡
͙͔͙͍ͤͭͤͫͤͦͫͭΈ͍͙ͻͪΎ͔͔͔ͨͪͭ;͙͟

Å͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔͔͙͔ͨͦͭͪͤ͊ͫͣ΄͔͙͔ͤ
Å͙͔͙͔ͤ͗ͭͪͯͣ͟·͚͍ͦ͒ͯ͘ͻ͙͔͔ͣͭ͋ͦ͡Έ΄ͯΌ
͙͍͍͔͙͊ͪͯͭͯͨͪͦͭͤ͊ͨͪ͊ͤ͘͟͟͡Ύ͍ͪ͊΅͔͙ͤΎΣ
;ͭͦͣͦ ͔͙͍͙͗ͭͨͪͦ͒ͭΈ͍͔͙ͯ͟͡;͔͙ͤΌ͎ͯ͊͡
͙͊ͭ͊͟

˹˾̂
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ζ-η ͨͪ ͙͍ͦͭ ͍ͪ͊΅͔͙ͤΎ ˾˴

͔́;͔͙͔ͤ ͍͙͙͋͘͡ ͔͙ͨͪͺ͔͙͙ͪ ˾˴м ͤ͊ ͔͙͔ͪ͗ͣ тл %

G = 4.8 ͟ ͎κͫ
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˥͊͒͊͟͡Ύ ˽̉Σ ͔ͨͪ͒ͫͪ·͍ͤ͊Ύͭͦ;͊͟ όG = 4.85 ͟ ͎κͫύ ˹˾̂Σ (G = 4.8 ͟ ͎κͫύ

͔́;͔͙͔ͤ ͍͙͙͋͘͡ ͔͙ͨͪͺ͔͙͙ͪ ˾˴м ͤ͊ ͔͙͔ͪ͗ͣ тл %



Á URANS: ˸͔͙͍͙͔͍͙ͦ͒ͪͦ͊ͤͨͪͦͦ͒ͭͫ͡Ύ͒͡Ύͨͦ ͎ͤͦͦͦ͋ͦͪͦͭ͊͡Σ͙͋ͦͨͪ͡ ͙ͪ͟ ͙͊ͭͤͦͣͦ͟͡;͔͍͔ͫͭͦͨ͊ͭͦ͟͡
͍͍ͦ ͔ͫͻ͍͔ ͤͼ͊ͻ͙͍ͨ͊ͦ͘˹˾̂. ͔͔́ͪ͋ͯͭ͋ͦ͡Έ΄͎͍ͦͦ·;͙͙͔ͫͭ͡͡Έ͎͍͔͔͙ͤͦͦͪͣͤ͒͡Ύͨͦͯ͡;͔͙ͤΎ
͔ͪ΄͔͙ͤΎ.

Á FrozenRotor: ˸͔͙͍͙͔͍͙ͦ͒ͪͦ͊ͤͨͪͦͦ͒ͭͫ͡Ύ͒͡Ύ͎ͨͦͤͦͦͦ͋ͦͪͦͭ͊͡Σ͙͋ͦͨͪ͡ ͙͙ͪ͊ͭͤͦͣͦ͟͟͡;͔͍͔ͫͭ
͍͍͔ͦͨ͊ͭͦͦͫ͟͡ͻ͍͔ͤͼ͊ͻ͙ͨ ͍͊ͦ͘˹˾̂.͔͔͍͔͔͙́ͪ͋ͯͭͨͪͦ͒ͤΎͪΎ͒͊ͪ͊ ͫ;͔͍ͭͦͫͪ ͙͊͘͡;ͤ·͔͙͔ͣͨͦͦ͗ͤͣ͡
͙͔ͪͦͭͦͪ͊ͦͭͤͦͫͭ͡Έͤͦͫͭ͊ͭͦͪ͊ͫͨ ͔ͦͫ͒ͯ͡Ό΅͙͔͔͙͔ͣͦͫͪ͒ͤͤͣ.

Á NLH: ˸͔͙͍͙͔͍͙ͦ͒ͪͦ͊ͤͨͪͦͦ͒ͭͫ͡Ύ͒͡Ύ͙ͫ ͻ͎͙ͦ͒ͤͦͦͦ͟͡;͔͍͙ͫͭ͊ͦͨ͊ͭͦͨ͟͡ ͍͊ͦ͘˹˾͍̂ͫ ͟͡Ό;͔͙͔͍ͤͣ
͔ͣͦ͒͡Έͭͦ͡Έͦ͟1 ͙͙ͦͨ͊ͭ͟͡1 ͨ͊͊͘. ˾͔΄͔͙͔͍͙͙ͤ͊ͫͭͦͭ͘͟ ͙ͦ͡;͔͍͍ͫͭ͊·͋ͪ͊ͤͤ·ͻ͎͙͊ͪͣͦͤ͟Σͫ
͍͔͙ͯ͡;͔͙͔͙ͤͣͦ͟͡;͔͍͎͙͍ͫͭ͊͊ͪͣͦͤͦͪ͊ͫͭ͊͘͟Ό͔͍͙ͭͭͪ͋ͦ͊ͤΎͦ͟ ͔͙͍͚ͨͪ͊ͭͤͦͨ͊ͣΎ͙ͭ.

14

˽ͦ͒ͻͦ͒· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͔ͦͣͨͪͫͫͦͪ͊͟ ͫ ˹˾̂



15

˽ͦ͒ͻͦ͒· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ˹˾̂. ˾ ͔͙͗ͣ тл҈

ʹ

G, ͟ ͎κͫ

˹˾̂ NLH
˹˾̂ FR+MP
NLH
MP

ˉ

G, ͟ ͎κͫ

˹˾̂ NLH
˹˾̂ FR+MP
NLH
MP

Á NLH 3͎͙͙ͫ͊ͪͣͦͤ͊ͣ͟
Á FrozenRotor͔ͣ͗͒ͯ˾˴͙˹˾̂ΣMixingPlane͔͍͔ͣ͗͒ͯͤͼ͙͊ͣ

NLH FR + MP

˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, %

˥͊͒͊͟͡Ύ ˽8̉4.52 18.57 84.25 28.85

˹˾̂ 84.56 25.22 84.13 19.1

ҟ˹ ˾̂ +0.04% +6.65 -0.12 +9.75%

5.5%5.5%

2% 6%



˴͙ͦ͡;͔͍ͫͭͦ ͦͨ͊ͭͦ͟͡: Cͭ ͚͙ͦ͟- 3, ˾ ˴м ς17Σ ˹ˢм ς32
˹˾Υ̂ ͦ͟͡Έͼ͔͍͊Ύ ͨͦͦͫͭ͡ΈΣ ͦͭͦͪ͊͟Ύ ͔͙ͫͦ͒ͤΎ͔ͭͫΎ ͫ ͨͪͦͭͦ;͚ͤͦ ;͊ͫͭΈΌ ;͔͔ͪ͘ мнс ͍ͨ͊ͦ͘, 
͔ͤ͊ͦͤͤͤ͟͡·ͻͨͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ό ͍ͪ͊΅͔͙ͤΎ ͤ п͊рɕ.˽͔͔ͪͪ͟·͍͔͊ͭ ͔͙ͨͪͺ͔͙ͪΌ ˾˴м ͤ͊ 
ол҈ ͔͍͚ͦͫͦ ͻͦͪ͒·

16

˿͔ͭͯͨͤΈ ˸-1

˿͔ͭͦͪ͟ ˹˾̂



˿͔ͭͦ;ͤ͊Ύ ͔ͣͦ͒͡Έ ͫ ˹˾̂ ˽͍ͦͫͭ͊ͤͦ͊͟

Á͋ͦ͡;ͤͦ-͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͊͟Ύ ͔ͫͭ͊͟AutoGrid5+IGG
Á͙ͪ͊͒͊͡Έͤ·͚ ͊ͦͪ͘͘ ͯ ˾˴0.5 ͣ ͣ
Á ͎͊ ͔͙ͭ͡͡Υ ͚ͫͭͦ͊͟ ςр ͣͣΣ ˾˴ ͙ ˹ˢ ςо ͣͣ 
Á͎ͦͪΎ;͊Ύ ͎͔͔͙ͦͣͭͪΎ ˾˴ ͤ͊ ͊͗͒ͦͣ͟ ͔͙͔ͪ͗ͣ
Á ~пΦт ͣͤ͡ ͍ͯͦ͘͡
Á y+ < 1

Á NumecaFine/Turbo v. 15.1
Á͔͙ͭͪͣ;͔͙ͫ͟-͍͔ͫͦͪ΄͔ͤͤ·͚ ͎͊͘
Á NLH MR1 3 ͎ ͙͙͊ͪͣͦͤ͟
Á͔ͣͦ͒͡Έ ͔͙ͭͯͪ͋ͯͤͭͤͦͫͭ͡ SST
Á͍ͻͦ͒Υ P0 = 1 ͊ ͭͣ, T0 = нууΦмр ˴Σ Vz/|V| = 1
Á ·͍ͻͦ͒Υ ͍͊ͪΈ͙͍͙͔ͪͦ͊ͤ P͙͙͡ G

17

˽͍ͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͙
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˻͔͔͔͙͔ͨͪ͒ͤ͡ ͎͙ͪ͊ͤͼ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟

-0.2

0.0

0.2

0.4

0.6

6 7 8 9 10 11 12 13 14

Cp

G, ͟ ͎κͫ

RK

NA

u=200

1.05

1.07

1.09

1.11

1.13

6 7 8 9 10 11 12 13 14

*̄

G, ͟ ͎κͫ

u=200

Áͤ͊ ͙͙ͤ͘͟ͻ ;͊ͫͭͦͭ͊ͻ ;͙͔ͫͤͤ͊͡Ύ ͔ͣͦ͒͡Έ ͔ͣͦ͗ͭ ͋·ͭΈ ͒ͦͫͭ͊ͭͦ;ͤͦ ͚ͯͫͭͦ;͙͍͚ͦ ͔͒͊͗ ͍ ͙ͦ͋͊ͫͭ͡ ͫͪ·͍͊
Á͔͔͔͙͔ͦͨͪ͒ͤ͡ ͎͙ͪ͊ͤͼ· ͍͙ͨͪͦͦ͒ͭͫΎ ͤ͊ ͔͋͊͘ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙ͫͭ͊ͭ;͔͎ͫͦͦ͟ ͍͔͙͒͊ͤ͡Ύ 
͍ ͍͔ͤͼ͊ͻΥ ͎͙ͪ͊ͤͼ͔͚ ͫ;͙͔ͭ͊ͭͫΎ ͭͦ;͊͟Σ ͍ ͚ͦͭͦͪͦ͟ ͦ͋͊ ͍͔ͤͼ͊ ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͫͪ·͍͔

˞
ὖ ὖ

ὖ ὖ

͍ͫ ͯ͡;͔͊ ͪͦͭͦͪ͊ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͙͔ͦͭͤͦͫͭ͡Έͤ·͚ ͙͙͒ͤ͊ͣ;͔͙͚ͫ͟ ͤ͊ͨͦͪ
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ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͔͙ͫͭͯͨͤ ͔͋͘ ˹˾̂ 
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G, ͟ ͎κͫ
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u=200

u=330

u=360

u=390

u=412
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˽ͦ͒ͻͦ͒· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ˹˾̂Φ ˮ͙͍͔ͦͪͦ͊ͤͤͦ͘͡ ˾˴

Á ͒͡Ύ ͙͙͍͎ͦͪͦ͊ͤͤͦͦ͘͡ ˾˴ ͫ ˹˾̂ ͙͔ͨͪͣͤΎ͙ͫ͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ ͨͦ͒ͻͦ͒·Υ URANS(ͻ͊ͪ-͊͟ ͔ͤ͒ͦͫ;͙ͭ͊ͤ͊ύ, NLH, Frozen Rotor
Á ͙ͦ͟͡;͔͍ͫͭͦ ˾˴ ͙ ͍ͨ͊ͦ͘ ˹˾̂ ͔͙͍ͫͦͪͪͭͪͦ͊ͤͦ͟͟ ͫ ͼ͔͡ΈΌ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͙͙ͨͪͦ͒;͙ͤͦͫͭ ͒͡Ύ URANS ͙  Frozen RotorΥ мс ˾˴ ͙ 
мну ˹˾̂ 

Á NLH ςͫ ͔ͭͦͪ͟ ͫ м ͚ͦͨ͊ͭͦ͟͡ ˾˴ ͙ ͨ͊ͦͣ͘ ˹˾̂Σ URANS ͙  Frozen Rotor ςͫ ͔ͭͦͪ͟ ͫ м ͚ͦͨ͊ͭͦ͟͡ ˾˴ ͙ у ͙ͨ͊͊ͣ͘ ˹˾̂

NLH URANS FR ˥͊͒͊͟͡Ύ ˽̉

˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, %

89.8 44.26 90.2 35.73 89.99 44.7 90.45 35.05

1.06

1.07

1.08

1.09

1.10

1.11

1.12

1.13

1.14

7 8 9 10 11 12 13 14

*̄

G, ͟ ͎κͫ

RK
RK+CT FR
RK+CT NLH
RK+CT URANS

u=200

0.79

0.81

0.83

0.85

0.87

0.89

0.91

7 8 9 10 11 12 13 14

ɖ

G, ͟ ͎κͫ

RK
RK+CT FR
RK+CT NLH
RK+CT URANS

u=200
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˽ͦ͒ͻͦ͒· ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ˹˾̂Φ ˾˴,G = 8.5 ͟ ͎κͫ

URANS NLH 3hFrozen Rotor
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ˤ͔ͪͣΎ ͍·;͙͔͙͚ͫͤͭͦ͡;͙͟ ͫ G=8.5 ͟ ͎κͫ 

FrozenRotor 1 ͨ ͔͙͔ͦͦ͗ͤ͡ NLH3h URANS

м ;͊ͫ мл ͙ͣͤ 7;͍͊ͫͦ н ͔͔͙ͤ͒͡

2 ͨ ͪͦͼ͔ͫͫͦͪ͊ Intel XeonPlatinum8268 
47 Ύ͔͒ͪ
˾͔͙͍͙͔͊ͫͨ͊ͪ͊͊ͤ͡͡͡ Intel IMPI(ICC15)
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ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͔͙ͫͭͯͨͤ ͫ ˹˾̂Φ ˤ͙͡Ύ͙͔ͤ ˹˾̂

u = 200 ͣ κͫ u = 250 ͣ κͫ u = 300 ͣ κͫ

˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, %

˥͊͒͊͟͡Ύ ˽ 8̉7.1 20.3 87.4 23.7 88.7 18.9

˹˾̂ 87.0 34.3 87.9 31.4 89.2 28.8

ҟ ˹˾̂ -0.1 +14.0 +0.5 +7.7 +0.5 +9.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

6 8 10 12 14 16 18 20 22

*̄

G, ͟ ͎κͫ

EXP
EXP_CT
NURU_NLH
NURU_CT_NLH

u=300
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u=200

u=412

u=360

u=390

u=330
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0.75

0.80

0.85

0.90

6 8 10 12 14 16 18 20 22

ɖ

G, ͟ ͎κͫ

u=300u=250
u=200

u=330

u=360

u=390

u=412
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ˤ͙͡Ύ͙͔ͤ ˹˾̂. u = 200 ͣ κͫ, G = 8.5͟ ͎κͫ
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ˤ͙͡Ύ͙͔ͤ ˹˾̂. u = 250 ͣ κͫ, G =мл ͎͟κͫ
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ˤ͙͡Ύ͙͔ͤ ˹˾̂. u = 300 ͣ κͫ, G =мо ͎͟κͫ



ˤ͔ͤͼ·Υ ˾ˤ˹ˢΣ ˾˴Σ ˹ˢ
˹˾Υ̂ ͦ͟͡Έͼ͔͍͊Ύ ͨͦͦͫͭ͡ΈΣ ͦͭͦͪ͊͟Ύ ͔͙ͫͦ͒ͤΎ͔ͭͫΎ ͫ ͨͪͦͭͦ;͚ͤͦ ;͊ͫͭΈΌ ;͔͔ͪ͘ мнс ͍ͨ͊ͦ͘, 
͔ͤ͊ͦͤͤͤ͟͡·ͻͨͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ό ͍ͪ͊΅͔͙ͤΎΦ˽͔͔ͪͪ͟·͍͔͊ͭ ͔͙ͨͪͺ͔͙ͪΌ ˾˴м ͤ͊ ол҈ 
͔͍͚ͦͫͦ ͻͦͪ͒·
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˽͔͍ͪ͊Ύ ͔ͫͭͯͨͤΈ ˴˹˨

˿͔ͭͦͪ͟ ˹˾̂



˿͔ͭͦ;ͤ͊Ύ ͔ͣͦ͒͡Έ ͫ ˹˾̂ ˽͍ͦͫͭ͊ͤͦ͊͟

Á͋ͦ͡;ͤͦ-͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤ͊͟Ύ ͔ͫͭ͊͟AutoGrid5+IGG
Á͙ͪ͊͒͊͡Έͤ·͚ ͊ͦͪ͘͘ ͯ ˾˴
Á ~сΦп ͣͤ͡ ͍ͯͦ͘͡
Á y+ < 1

Á NumecaFine/Turbo v. 12.1
Á͔͙ͭͪͣ;͔͙ͫ͟-͍͔ͫͦͪ΄͔ͤͤ·͚ ͎͊͘
Á NLH Basic3 ͎ ͙͙͊ͪͣͦͤ͟
Á͔ͣͦ͒͡Έ ͔͙ͭͯͪ͋ͯͤͭͤͦͫͭ͡ SST
Á͍ͻͦ͒Υ P0 = 1 ͊ ͭͣ, T0 = нууΦмр ˴Σ Vz/|V| = 1
Á ·͍ͻͦ͒Υ ͍͊ͪΈ͙͍͙͔ͪͦ͊ͤ P͙͙͡ G

28

˽͍ͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͙
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29

˽͔ͦ͡ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Φ ˤ͙͡Ύ͙͔ͤ ˹˾̂

k̄*

ʹ

95%
u 481

85%
u 430

70%
u 355

k̄*

G, ͟ ͎κͫ

NLH
NLH ˹ ˾̂

95%
u 481

85%
u 430

70%
u 355

N = 70% N = 85% N = 95%

˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, % ˴˽˨ψͪͭ, % ҟKy, %

˥͊͒͊͟͡Ύ ˽ 9̉1.0 13.7 91.7 8.5 91.4 9.8

˹˾̂ 91.0 19.7 92.0 10.7 90.4 7.9

ҟ 0.0 +6.0% +0.8 +1.8 -1.0 -1.9
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ˤ͙͡Ύ͙͔ͤ ˹˾̂ ͤ͊ тл҈ όG=70 ͟ ͎κͫύ

˹˾̂ ˹˾̂


