
1

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚ 

ʟʘʜʘʯʘʭ ʩʫʜʦʩʪʨʦʝʥʠʷ

7.12.2012

ʉɸʅʂʊ-ʇɽʊɽʈɹʋʈɻʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʄʆʈʉʂʆʁ ʊɽʍʅʀʏɽʉʂʀʁ 

ʋʅʀɺɽʈʉʀʊɽʊ

ɸ.ʆ. ɼʫʢʘʨʩʢʠʡ, ʀ.ɺ. ʊʢʘʯʝʥʢʦ, ʅ.ɺ. ʊʨʷʩʢʠʥ, ʉ.ʀ. ʏʝʧʫʨʢʦ 

ʄʦʩʢʚʘ, ʈɸʅ



ɺʚʝʜʝʥʠʝ

7.12.2012 2ʄʦʩʢʚʘ, ʈɸʅ

ɿʘʜʘʯʠ ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ:

Å ɺʥʝʰʥʷʷ ʟʘʜʘʯʘ (ʦʙʪʝʢʘʥʠʝ ʪʝʣ);

Å ɺʦʣʥʦʚʳʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

(ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʚʦʣʥʳ);

Å ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʪʝʯʝʥʠʷ;

Å ɺʥʫʪʨʝʥʥʷʷ ʟʘʜʘʯʘ (ʪʝʯʝʥʠʷ ʚ 

ʢʦʨʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ);



ɺʚʝʜʝʥʠʝ

7.12.2012 3ʄʦʩʢʚʘ, ʈɸʅ

ʆʩʦʙʝʥʥʦʩʪʠ ʟʘʜʘʯ ʢʦʨʘʙʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ:

ǒ ɹʦʣʴʰʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ -> ʚʳʩʦʢʠʝ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ-> ʪʦʥʢʠʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ -> ʚʳʩʦʢʦʝ 

ʩʝʪʦʯʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (40-160 ʤʣʥ. ʷʯʝʝʢ);

ǒ ʂʘʚʠʪʘʮʠʷ;

ǒ ʉʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ;

ǒ ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ;

ǒ ʃʝʜʦʚʳʝ ʫʩʣʦʚʠʷ.
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ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ

ʄʦʩʢʚʘ, ʈɸʅ

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ:

ʋʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠʣʠ ʠʭ ʦʩʨʝʜʥʝʥʥʳʝ ʘʥʘʣʦʛʠ;

ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʙʝʟʨʘʟʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ 

(ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʝʯʝʥʠʷ);

URANS, LES ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ; 

Volume of Fluid (VoF) ʤʝʪʦʜ.

ʉʝʨʚʠʩʳ:

SALOME; 

OpenFOAM; 

ParaFOAM;

FlowFES(ʜʦʤʘʰʥʠʡ).

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ:

UniCluster-SMTU, UniHUB.
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ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ 

ʚ ʟʘʜʘʯʘʭ ʩʫʜʦʩʪʨʦʝʥʠʷʭ
ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ:

ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ;

ʂʫʨʩʦʚʳʝ ʨʘʙʦʪʳ;

ɼʠʧʣʦʤʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (8).

ɺ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ:

ʇʦʜʛʦʪʦʚʢʘ ʢʘʥʜʠʜʘʪʩʢʠʭ (4) ʠ ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ (1);

ɺʳʧʦʣʥʝʥʠʝ ʅʀʈ ʠ ʅʀʆʂʈ;

ʉʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʘʨʪʥʝʨʘʤʠ: ʀʉʇ ʈɸʅ, ʈʅʎ ʂʀ, 

ʀʆ ʈɸʅ, ʀʇʌ ʈɸʅ, ʄɻʋ, ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 

ʉʇʙɻʇʋ, ɺʄʀʀ.

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ:

ʎʅʀʀ ʠʤ. ʘʢ. ɸ.ʅ. ʂʨʳʣʦʚʘ, ʉʇʂɹ.
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ʇʦʩʪʨʦʝʥʠʝ çʙʦʣʴʰʠʭè ʩʝʪʦʢ

ʅʘʯʘʣʴʥʘʷ ʩʝʪʢʘ 1,5 ʤʣʥ. -> refineMesh2X -> ʥʘ ʚʳʭʦʜʝ 96 ʤʣʥ.

ʉʛʫʱʝʥʠʝ ʩʝʪʢʠ: ʚʙʣʠʟʠ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʙʣʠʟʠ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʥʝʰʥʝʛʦ ʦʙʪʝʢʘʥʠʷ ʪʝʣ
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ʇʦʣʝ ʧʦʜʩʝʪʦʯʥʦʡʚʷʟʢʦʩʪʠ

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ

0,179

Re CD
calc. CD

exp

14062 0.36 0.4

1140000 0.179 0.12-0.18

Re=14062

LES-Smagorinsky, 

3D, ʩʬʝʨʘ, 3 ʤʣʥ. ʨʘʩʯ. ʷʯʝʝʢ

7.12.2012

Re=1.14.106

ʆʙʪʝʢʘʥʠʝ ʩʬʝʨʳ ʧʦʪʦʢʦʤ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ

ǒ ʄʦʜʝʣʠʨʦʚʘʥʠʝʦʪʨʳʚʥʳʭʪʝʯʝʥʠʡ

ǒ ɻʋ: ʩʢʦʨʦʩʪʴ+ ɻʉʏ,ʧʨʠʩʪʝʥʦʯʥʳʝʬʫʥʢʮʠʠ,ʜʘʚʣʝʥʠʝʥʘʚʳʭʦʜʝ

ʄʦʩʢʚʘ, ʈɸʅ
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ʆʙʪʝʢʘʥʠʝ ʢʨʳʣʘ ʤʘʣʦʛʦ ʫʜʣʠʥʝʥʠʷ 

ʧʦʪʦʢʦʤ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ

experiment

-linear theory of wing

-nonlinear theory

-LES

rms(LES)

7.12.2012

LES, 3D, NACA 0018, ʋʜʣʠʥʝʥʠʝ 

1, 20 ʤʣʥ. ʨʘʩʯ. ʷʯʝʝʢ

Re=2.5.106

ʄʦʩʢʚʘ, ʈɸʅ

ʇʨʠʨʘʱʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ

ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʤʝʥʪʘ



 
1010

ʋʛʦʣ ʩʭʦʜʘ ʚʠʭʨʝʡ

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ

Re=4.2*106

Ŭ=10ʦ

Ŭ=20ʦ

Ŭ=30ʦ

LES, 3D, 

ʵʣʣʠʧʩʦʠʜ6:1, 

3 ʤʣʥ. ʨʘʩʯ. ʷʯʝʝʢ

7.12.2012

ʆʙʪʝʢʘʥʠʝ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ ʦʜʥʦʨʦʜʥʳʤ ʧʦʪʦʢʦʤ

ʄʦʩʢʚʘ, ʈɸʅ
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t=0.92 sec

t=2.08 sec t=3.09 sec

ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʠʭ ʯʘʩʪʠʮ
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Re=4.2.106

ʅʝʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ,LES, 3D, 

ʧʦʚʦʨʦʪ ʵʣʣʠʧʩʦʠʜʘ6:1, 3 

ʤʣʥ. ʨʘʩʯ. ʷʯʝʝʢ

7.12.2012

ʆʙʪʝʢʘʥʠʝ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ, 

ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʦʚʦʨʦʪ

ɿʘʚʠʭʨʝʥʥʦʩʪʴ

ʄʦʩʢʚʘ, ʈɸʅ


