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Нɚ ɪɢɫуɧɤɟ 1, ɚ) ɩɪɟɞɫɬɚвɥɟɧɨ ɩɨɥɟ ɫɤɨɪɨɫɬɢ. Ɍɪɟɬɶя ɤɨɨɪɞɢɧɚɬɚ ɨɬɨɛɪɚɠɟɧɚ цвɟɬɨɦ. 
Нɚ ɪɢɫуɧɤɟ 1, ɛ) ɩɪɟɞɫɬɚвɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ Нуɫɫɟɥɶɬɚ ɨɬ уɝɥɨвɨɣ ɤɨɨɪɞɢɧɚɬɵ ɞɥя 
ɞɚɧɧɨɝɨ уɝɥɚ ȕ = 15° ɢ ȕ =0°. 

 

 

Ɋɢɫуɧɨɤ 2 – Ƚɪɚɮɢɤ зɚвɢɫɢɦɨɫɬɢ 
ɫɪɟɞɧɟɝɨ ɱɢɫɥɚ Нуɫɫɟɥɶɬɚ  

ɨɬ уɝɥɚ ȕ ɩɪɢ ɪɚзɧɵɯ ɱɢɫɥɚɯ  
Ɋɟɣɧɨɥɶɞɫɚ 

 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ зɚвɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢцɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ уɝɥɚ ɧɚɬɟɤɚɧɢя ɩɨɬɨɤɚ 
в уɤɚзɚɧɧɨɦ ɞɢɚɩɚзɨɧɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɩɪɟɞɫɬɚвɥɟɧɵ ɧɚ ɪɢɫуɧɤɟ 2.  

Пɨɥуɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɝуɬ ɛɵɬɶ ɢɫɩɨɥɶзɨвɚɧɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨвɚɧɢɢ, ɨɩɬɢɦɢзɚцɢɢ ɪɚ-
ɛɨɬɵ ɢ ɩɨвɵɲɟɧɢɸ ɷɮɮɟɤɬɢвɧɨɫɬɢ ɪɚзɥɢɱɧɨɝɨ ɪɨɞɚ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨв, ɢɫɩɨɥɶзуɟ-
ɦɵɯ в ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɷɧɟɪɝɟɬɢɤɟ. 
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ПɊɈȽɊȺɆɆ NUMECA FINE/TURBO 

 

Пɪɢ ɫɨзɞɚɧɢɢ цɟɧɬɪɨɛɟɠɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨв ɨɛɵɱɧɚя ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚя ɞɨвɨɞɤɚ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɞɨɪɨɝɚ ɢ ɞɥɢɬɟɥɶɧɚ в ɫɢɥу ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢɥɢ ɟɞɢɧɢɱɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɩɪɨɢзвɨɞɫɬвɚ 
ɛɨɥɶɲɢɧɫɬвɚ ПɐК Д1Ж. Пɨɷɬɨɦу CFD ɪɚɫɱɟɬ ɩɨɫɬɟɩɟɧɧɨ ɫɬɚɧɨвɢɬɫя ɧɟɨɬɴɟɦɥɟɦɵɦ ɩɪɨцɟɫ-
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ɫɨɦ в ɩɨɞɝɨɬɨвɤɟ ɤ ɦɨɞɟɥɶɧɨɦу ɷɤɫɩɟɪɢɦɟɧɬу. Ɍɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ ɛуɞɟɬ зɚвɢɫɟɬɶ ɨɬ ɦɧɨɠɟ-
ɫɬвɚ ɮɚɤɬɨɪɨв, в ɱɚɫɬɧɨɫɬɢ – ɨɬ вɵɛɨɪɚ ɦɨɞɟɥɢ ɬуɪɛуɥɟɧɬɧɨɫɬɢ. 

Пɨɢɫɤ ɩɪɢɟɦɥɟɦɵɯ ɞɥя ɩɪɚɤɬɢɤɢ ɮɨɪɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢя ɬуɪɛуɥɟɧɬɧɵɯ ɬɟɱɟ-
ɧɢɣ ɢɥɢ, ɤɚɤ ɩɪɢɧяɬɨ ɝɨвɨɪɢɬɶ, ɦɨɞɟɥɟɣ ɬуɪɛуɥɟɧɬɧɨɫɬɢ вɨɬ уɠɟ ɧɚ ɩɪɨɬяɠɟɧɢɢ ɛɨɥɟɟ 100 
ɥɟɬ. Кɥɸɱɟвɵɦ вɨɩɪɨɫɨɦ в ɪɚɫɫɦɚɬɪɢвɚɟɦɨɣ ɨɛɥɚɫɬɢ явɥяɟɬɫя ɩɨɢɫɤ ɩɪɢɟɦɥɟɦɨɝɨ ɤɨɦɩɪɨ-
ɦɢɫɫɚ ɦɟɠɞу ɮɢзɢɱɟɫɤɨɣ ɚɞɟɤвɚɬɧɨɫɬɶɸ ɦɨɞɟɥɢ ɢ ɩɪɢɟɦɥɟɦɵɦ ɞɥя ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟ-
ɧɢя уɪɨвɧɟɦ ɟɟ ɫɥɨɠɧɨɫɬɢ Д2Ж. 

Нɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶзуɟɦɨɣ ɦɨɞɟɥɶɸ ɧɚ ɩɪɨɬяɠɟɧɢɢ уɠɟ ɩɨɱɬɢ 20 ɥɟɬ явɥяɟɬɫя 
ɦɨɞɟɥɶ SST [2, 3Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨвɟɞɟɧɨ ɫɪɚвɧɟɧɢɟ 4 ɦɨɞɟɥɟɣ ɬуɪɛуɥɟɧɬɧɨɫɬɢ: Spalart-

Allmaras; K-Epsilon; Shear Stress Test; K-Omega. Ɍɚɤɠɟ ɛɵɥɨ ɩɪɨвɟɞɟɧɨ ɫɪɚвɧɟɧɢɣ ɦɨɞɟɥɟɣ ɫ 
ɢɫɩɨɥɶзɨвɚɧɢɟɦ ɩɪɢɫɬɟɧɨɱɧɨɣ ɮуɧɤцɢɢ ɢ ɛɟз ɧɟɟ. 

 

 

 
 

 
 

 
 

Ɋɢɫуɧɨɤ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ 4ɯ ɦɨɞɟɥяɯ ɬуɪɛуɥɟɧɬɧɨɫɬɢ: 
ɚ) зɚвɢɫɢɦɨɫɬɶ ɩɨɥɢɬɪɨɩɧɨɝɨ КПȾ ɨɬ уɫɥɨвɧɨɝɨ ɤɨɷɮɮɢцɢɟɧɬɚ ɪɚɫɯɨɞɚ 

ɛ) зɚвɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢцɢɟɧɬɚ ɩɨɥɢɬɪɨɩɧɨɝɨ ɧɚɩɨɪɚ ɨɬ уɫɥɨвɧɨɝɨ ɤɨɷɮɮɢцɢɟɧɬɚ ɪɚɫɯɨɞɚ 

в) зɚвɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢцɢɟɧɬɚ вɧуɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɨɬ уɫɥɨвɧɨɝɨ ɤɨɷɮɮɢцɢɟɧɬɚ ɪɚɫɯɨɞɚ 

 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɛɥɨɱɧɨ-ɫɬɪуɤɬуɪɢɪɨвɚɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɫɟɬɤɢ ɪɚɛɨɱɟɝɨ 
ɤɨɥɟɫɚ в ɩɪɨɝɪɚɦɦɟ Numeca IGG Autogrid5 ɞɥя ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɟɬɚ ɬɟɱɟɧɢя в Numeca Fi-

ne/Turbo. Ɋɟзуɥɶɬɚɬɵ ɪɚɫɱɟɬɨв ɛɵɥɢ ɨɛɪɚɛɨɬɚɧɵ в ɩɪɨɝɪɚɦɦɟ Numeca CFView.  
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ɋ цɟɥɶɸ уɩɪɨщɟɧɢя ɦɨɞɟɥɢɪɨвɚɧɢя ɬɟɱɟɧɢя, ɪɚɛɨɱɟɟ ɬɟɥɨ ɛɵɥɨ зɚɦɟɧɟɧɨ ɧɚ ɫɨвɟɪɲɟɧɧɵɣ 
ɝɚз – вɨзɞуɯ. Ɋɟɲɚɥɚɫɶ ɫɬɚцɢɨɧɚɪɧɚя зɚɞɚɱɚ. 

Ɋɚɫɱɟɬɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɤɨɦɩɪɟɫɫɨɪɚ: ɱɚɫɬɨɬɚ вɪɚщɟɧɢя ɪɨɬɨɪɚ n=5200 ɨɛ/ɦɢɧ; ɩɨɥ-
ɧɨɟ ɞɚвɥɟɧɢɟ ɧɚ вɯɨɞɟ в ɪɚɫɱɟɬɧуɸ ɨɛɥɚɫɬɶ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Pɧ

*=101300 Пɚ; ɩɨɥɧɚя ɬɟɦɩɟɪɚ-
ɬуɪɚ ɧɚ вɯɨɞɟ в ɪɚɫɱɟɬɧуɸ ɨɛɥɚɫɬɶ ɊК Tɧ

*=288 К; ɞɢɚɩɚзɨɧ ɢзɦɟɧɟɧɢя уɫɥɨвɧɨɝɨ ɤɨɷɮɮɢцɢ-
ɟɧɬɚ ɪɚɫɯɨɞɚ Ɏ=0,045-0,074; RANS-ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ уɪɚвɧɟɧɢɣ Нɚвɶɟ-ɋɬɨɤɫɚ.  

Иɫɩɨɥɶзɨвɚɥɢɫɶ 2 ɪɚɫɱɟɬɧɵɟ ɫɟɬɤɢ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ: ɩɟɪвɚя ɫɨɫɬɨɢɬ ɢз 846,5 ɬɵɫяɱ 
ɷɥɟɦɟɧɬɨв, ɦɚɤɫɢɦɚɥɶɧɨɟ зɧɚɱɟɧɢɟ y+ ɩɨ ɪɟɤɨɦɟɧɞɚцɢяɦ Д4Ж ɧɟ ɩɪɟвɨɫɯɨɞɢɬ 1; вɬɨɪɚя ɫɨɫɬɨ-
ɢɬ 735 ɬɵɫяɱ ɷɥɟɦɟɧɬɨв, зɧɚɱɟɧɢɟ y+ ɧɚɯɨɞɢɬɫя в ɢɧɬɟɪвɚɥɟ 30-300. 

Пɨɫɥɟ ɩɪɨвɟɞɟɧɢя вɵɱɢɫɥɟɧɢɣ ɩɪɨвɟɞɟɧɚ ɨɛɪɚɛɨɬɤɚ ɪɟзуɥɶɬɚɬɨв ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚ. Ⱦɥя уɞɨɛɫɬвɚ ɪɟзуɥɶɬɚɬɵ ɢзɨɛɪɚɠɟɧɵ ɝɪɚɮɢɱɟɫɤɢ ɧɚ ɪɢɫуɧɤɟ 1. 

Из ɪɢɫуɧɤɚ 1ɚ вɢɞɧɨ, ɱɬɨ ɦɨɞɟɥɶ Shear Stress Transport ɞɚɟɬ ɧɟɫɤɨɥɶɤɨ зɚвɵɲɟɧɧɵɟ ɪɟ-
зуɥɶɬɚɬɵ ɩɨ ɫɪɚвɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɬɪɟɦя ɦɨɞɟɥяɦɢ. ɋɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɧɚɩɨɪɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ (ɪɢɫуɧɨɤ 1ɛ,в) ɫ ɢɫɩɨɥɶзɨвɚɧɢɟɦ ɦɨɞɟɥɢ SST ɨɬ K-Omega ɫɨɫɬɚвɥяɟɬ 1,1%; ɨɬ 
Spalart-Allmaras – 1,5%; ɨɬ K-Epsilon – 2,2%.  

ȼ ɪɚɫɱɟɬɟ ɧɟ уɱɢɬɵвɚɥɢɫɶ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɞɢɫɤɨв ɢ ɩɪɨɬɟɱɤɢ ɱɟɪɟз ɥɚɛɢɪɢɧɬɧɵɟ 
уɩɥɨɬɧɟɧɢя. Ɉɞɧɚɤɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ КПȾ ɩɪɟɞɫɬɚвɥяɟɬɫя ɧɟɫɤɨɥɶɤɨ зɚвɵɲɟɧɧɨɣ. Пɚɞɟɧɢɟ 
ɷɮɮɟɤɬɢвɧɨɫɬɢ вɨзɧɢɤɚɟɬ ввɢɞу ɩɨявɥɟɧɢя ɧɢзɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ зɨɧ - ɨɬɪɵвɨв ɩɨɬɨɤɚ, ɫвя-
зɚɧɧɵɯ ɫ уɯуɞɲɟɧɢɟɦ уɫɥɨвɢɣ ɨɛɬɟɤɚɧɢя ɥɨɩɚɬɨɱɧɵɯ ɚɩɩɚɪɚɬɨв ɧɚ ɧɟɪɚɫɱɟɬɧɵɯ ɪɟɠɢɦɚɯ. 
Пɨɷɬɨɦу ɧɚɛɥɸɞɚɟɬɫя зɚвɵɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɬɚɤ ɤɚɤ ɩɨ ɪɟзуɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɧɚ ɧɟɪɚɫ-
ɱɟɬɧɵɯ ɪɟɠɢɦɚɯ ɨɬɪɵв ɨɬɫуɬɫɬвуɟɬ, ɬ.ɟ. ɧɟɬ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ Д5Ж. 

 

 
 

Ɋɢɫуɧɨɤ 2 – Ɂɚвɢɫɢɦɨɫɬɢ КПȾ ɨɬ уɫɥɨвɧɨɝɨ ɤɨɷɮɮɢцɢɟɧɬɚ ɪɚɫɯɨɞɚ  
ɫ ɢɫɩɨɥɶзɨвɚɧɢɟɦ ɩɪɢɫɬɟɧɨɱɧɨɣ ɮуɧɤцɢɢ (WF) ɢ ɛɟз ɧɟɟ: 

ɚ) Shear Stress Test; ɛ) Spalart-Allmaras 

 

ȼ ɩɚɤɟɬɟ Numeca Fine/Turbo ɢɦɟɟɬɫя вɨзɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶзɨвɚɬɶ ɦɨɞɟɥɢ ɫ ɩɪɢɫɬɟɧɨɱ-
ɧɵɦɢ ɮуɧɤцɢяɦɢ (ɪɟɤɨɦɟɧɞуɟɦɨɟ зɧɚɱɟɧɢɟ y+: 30<y+ξ300) ɢ ɦɨɞɟɥɢ ɫ ɧɟɩɨɫɪɟɞɫɬвɟɧɧɵɦ 
ɦɨɞɟɥɢɪɨвɚɧɢɟɦ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨя (ɪɟɤɨɦɟɧɞуɟɦɨɟ зɧɚɱɟɧɢɟ y+ξ1). Ȼɵɥɨ ɩɪɨвɟɞɟɧɨ ɫɪɚв-
ɧɟɧɢɟ ɦɨɞɟɥɢ SST ɫ ɢɫɩɨɥɶзɨвɚɧɢɟɦ ɩɪɢɫɬɟɧɨɱɧɨɣ ɮуɧɤцɢɢ ɢ ɛɟз ɧɟɟ (ɪɢɫуɧɨɤ 2ɚ). ɏɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɨɤɚзɚɥɢɫɶ ɨɱɟɧɶ ɛɥɢзɤɢɦɢ ɞɪуɝ ɤ ɞɪуɝу. ɋɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɫɨɫɬɚвɢɥɨ 0,4 %. 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɛɵɥ ɩɪɨвɟɞɟɧ ɞɥя ɦɨɞɟɥɢ Spalart-Allmaras (ɪɢɫуɧɨɤ 2ɛ). ȼ ɷɬɨɦ 
ɫɥуɱɚɟ уɠɟ зɚɦɟɬɧɵ ɫущɟɫɬвɟɧɧɵɟ ɪɚзɥɢɱɢя, ɨɫɨɛɟɧɧɨ в ɨɛɥɚɫɬяɯ ɧɚɢɦɟɧɶɲɟɝɨ ɢ ɧɚɢɛɨɥɶ-
ɲɟɝɨ зɧɚɱɟɧɢɣ ɞɢɚɩɚзɨɧɚ ɢɫɫɥɟɞуɟɦɵɯ уɫɥɨвɧɵɯ ɤɨɷɮɮɢцɢɟɧɬɨв ɪɚɫɯɨɞɚ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɱɟɬ ɬɟɱɟɧɢя в ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɫ ɦɨɞɟɥɶɸ ɬуɪɛуɥɟɧɬɧɨɫɬɢ 
Spalart-Allmaras ɬɪɟɛуɟɬ ɧɚ 5% ɦɟɧɶɲɟ вɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫуɪɫɨв ɩɨ ɫɪɚвɧɟɧɢɸ ɫ ɦɨɞɟɥɶɸ 

ɚ) 
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k-epsilon ɢ ɧɚ 10% ɩɨ ɫɪɚвɧɟɧɢɸ ɫ Shear Stress Test ɢ K-Omega, ɫɨɨɬвɟɬɫɬвɟɧɧɨ. ɗɬɨ ɦɨɠɧɨ 
ɨɛɴяɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɦɨɞɟɥɶ Spalart-Allmaras явɥяɟɬɫя ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɦɨɞɟɥɶɸ ɫ ɨɞɧɢɦ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ уɪɚвɧɟɧɢɟɦ ɩɟɪɟɧɨɫɚ ɬуɪɛуɥɟɧɬɧɨɣ вязɤɨɫɬɢ Д2Ж. 
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