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ɺ ʨʘʟʨʘʙʦʪʢʝ  
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2. ʄʘʪʨʠʮʳ ʚʝʨʠʬʠʢʘʮʠʠ Ansys Fluent 

2.1. ʄʘʪʨʠʮʳ ʚʝʨʠʬʠʢʘʮʠʠ (ʊʦʤ 3. çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝè ʟʘʜʘʯʠ) 

ʄʘʪʨʠʮʘ ʚʝʨʠʬʠʢʘʮʠʠ ˉ3 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʝʩʪʘ 
ɺʨʝʤʝʥʥʘʷ 

ʧʦʩʪʘʥʦʚʢʘ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

ʄʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 
ɻʝʦʤʝʪʨʠʷ 

ʇʦʜʚʠʞʥʳʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʋʯʝʪ  

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ  

ʷʚʣʝʥʠʡ 

1 
ɺʝʪʨʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʟʤʫ 

ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ 

ʉʪʘʮʠʦʥʘʨʥʘʷ 

3D 

k-ɤ SST 

EARSM 

ʆʙʦʙʱʸʥʥʘʷ k-ɤ 

(Csep = 0.75, 1.75) 
ʇʨʠʟʤʘ ʢʚʘʜʨʘʪʥʦʛʦ 

ʩʝʯʝʥʠʷ 
ï ï 

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 
SAS SST (URANS) 

WALE (LES) 

2 

ɺʝʪʨʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʠʧʦʚʦʝ 

ʤʥʦʛʦʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʚ ʩʣʘʙʦʪʫʨ-

ʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ 

ʉʪʘʮʠʦʥʘʨʥʘʷ 

3D 

k-ɤ SST 

ʆʙʦʙʱʸʥʥʘʷ k-ɤ 
ʇʨʷʤʦʫʛʦʣʴʥrʡ ʧʘ-

ʨʘʣʣʝʣʝʧʠʧʝʜ ʩ ʷʚʥʦ 

ʟʘʜʘʥʥʳʤʠ ʫʛʣʫʙʣʝ-

ʥʠʷʤʠ ʦʢʦʥ 

ï ï 

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 

SAS SST (URANS) 

SBES (SST +WALE) 

(ʛʠʙʨʠʜʥʘʷ RANS-LES) 

3 

ʇʦʩʪʫʧʘʪʝʣʴʥʳʝ ʚʠʭʨʝʚʦʟʙʫʞ-

ʜʸʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʮʠʣʠʥʜʨʘ ʧʨʠ 

ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 2D ï ʎʠʣʠʥʜʨ + 
ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ  

ʢʦʣʝʙʘʥʠʡ 

4 
ɺʨʘʱʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʪʝʣʘ 
ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 2D ï 

ʇʨʷʤʦʫʛʦʣʴʥʦʝ  

ʩʝʯʝʥʠʝ 
+ 

ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ  

ʢʦʣʝʙʘʥʠʡ 

5 

ʂʦʣʝʙʘʥʠʷ ʩʝʯʝʥʠʷ ʤʦʩʪʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʣ 

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 2D ï 
ʉʝʯʝʥʠʝ ʩ ʅ-ʦʙʨʘʟ-

ʥʳʤ ʧʨʦʬʠʣʝʤ 
+ 

ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ  

ʢʦʣʝʙʘʥʠʡ 

6 
ʂʦʣʝʙʘʥʠʷ ʧʣʘʩʪʠʥʳ ʧʦʜ  

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 
ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 3D ï ʇʣʘʩʪʠʥʘ + 

ʃʠʥʝʡʥʘʷ ʪʝʦʨʠʷ  

ʫʧʨʫʛʦʩʪʠ (ʯʝʨʝʟ ʄʂʕ) 

7 
ʅʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ  

ʚ ʯʸʪʦʯʥʦʤ ʪʝʯʝʥʠʠ ʚ ʢʘʥʘʣʝ 
ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 2D k-ɤ SST ʉʝʯʝʥʠʝ ʢʘʥʘʣʘ ï 

ʄʥʦʛʦʬʘʟʥʦʝ ʪʝʯʝʥʠʝ 

(VOF) 

8 
ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʚʙʣʠʟʠ  

ʧʨʦʪʠʚʦʣʘʚʠʥʥʦʛʦ ʙʘʨʴʝʨʘ 

ʉʪʘʮʠʦʥʘʨʥʘʷ 
3D 

ʆʙʦʙʱʸʥʥʘʷ k-ɤ 

(Csep = 0.7) 

ʄʦʜʝʣʴ ɸɼʊ CSTB, 

Dynamic Mesh 
ï 

ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ 

(ʤʦʜʝʣʴ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ) ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 

9 
ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ  

ʥʘ ʜʚʫʩʢʘʪʥʦʤ ʧʦʢʨʳʪʠʠ 

ʉʪʘʮʠʦʥʘʨʥʘʷ 
3D 

ʆʙʦʙʱʸʥʥʘʷ k-ɤ 

(Csep = 0.7) 

ʄʦʜʝʣʴ ɸɼʊ CSTB, 

Dynamic Mesh 
ï 

ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ 

(ʤʦʜʝʣʴ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ) ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 

10 
ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ  

ʥʘ ʰʝʜʦʚʦʤ ʧʦʢʨʳʪʠʠ 

ʉʪʘʮʠʦʥʘʨʥʘʷ 
3D 

ʆʙʦʙʱʸʥʥʘʷ k-ɤ 

(Csep = 0.7) 

ʄʦʜʝʣʴ ɸɼʊ CSTB, 

Dynamic Mesh 
ï 

ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ 

(ʤʦʜʝʣʴ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ) ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ 
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ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʝʩʪʘ 
ɺʨʝʤʝʥʥʘʷ 

ʧʦʩʪʘʥʦʚʢʘ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

ʄʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 
ɻʝʦʤʝʪʨʠʷ 

ʇʦʜʚʠʞʥʳʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʋʯʝʪ  

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ  

ʷʚʣʝʥʠʡ 

11 
ʊʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʝ  

ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 
ʉʪʘʮʠʦʥʘʨʥʘʷ 3D k-ɤ SST 

ɻʠʜʨʦʣʦʪʦʢ  

ʇʘʨʰʘʣʣʷ 
ï 

ʄʥʦʛʦʬʘʟʥʦʝ ʪʝʯʝʥʠʝ 

(VOF) 
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ʄʘʪʨʠʮʘ ʚʝʨʠʬʠʢʘʮʠʠ ˉ4 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʝʩʪʘ 
ʊʠʧ ʧʨʦʚʝʨʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʮʝʥʠʚʘʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʇʦʛʨʝʰʥʦʩʪʴ* 

(ʨʘʩʭʦʞʜʝʥʠʝ), % 

1 
ɺʝʪʨʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʟʤʫ 

ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ 
ʕʢʩʧʝʨʠʤʝʥʪ 

ʉɿ ʘʵʨ. ʢʦʵʬ. ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
2.30 

ʉʂʆ ʘʵʨ. ʢʦʵʬ. ʣʦʙʦ-

ʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
11.25 

ʉʂʆ ʘʵʨ. ʢʦʵʬ.  

ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ 
15.29 

ʏʠʩʣʦ ʉʪʨʫʭʘʣʷ 5.86 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉɿ  

ʘʵʨ. ʢʦʵʬ. ʜʘʚʣʝʥʠʷ 
7.26 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʂʆ 

ʘʵʨ. ʢʦʵʬ. ʜʘʚʣʝʥʠʷ 
7.55 

2 

ɺʝʪʨʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʠʧʦʚʦʝ 

ʤʥʦʛʦʵʪʘʞʥʦʝ ʟʜʘʥʠʝ 

ʚ ʩʣʘʙʦʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ 

ʕʢʩʧʝʨʠʤʝʥʪ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉɿ  

ʘʵʨ. ʢʦʵʬ. ʜʘʚʣʝʥʠʷ 
 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʇɿ  

ʘʵʨ. ʢʦʵʬ. ʜʘʚʣʝʥʠʷ 
 

3 

ʇʦʩʪʫʧʘʪʝʣʴʥʳʝ ʚʠʭʨʝʚʦʟʙʫʞʜʸʥʥʳʝ  

ʢʦʣʝʙʘʥʠʷ ʮʠʣʠʥʜʨʘ  

ʧʨʠ ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 

ʕʢʩʧʝʨʠʤʝʥʪ 
ʄʘʢʩʠʤʘʣʴʥʘʷ  

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 
1.93 

4 
ɺʨʘʱʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ  

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʝʣʘ 

ʏʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ  

ʧʦʚʦʨʦʪʘ  
17.58 

5 

ʂʦʣʝʙʘʥʠʷ ʩʝʯʝʥʠʷ ʤʦʩʪʘ  

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ  

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ 

ʏʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʝʨʪʠ-

ʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ  
5.24 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ  

ʧʦʚʦʨʦʪʘ 
18.26 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 1.81 

6 
ʂʦʣʝʙʘʥʠʷ ʧʣʘʩʪʠʥʳ  

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 

ʏʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʇʝʨʝʤʝʱʝʥʠʝ 2.03 

7 
ʅʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ  

ʚ ʯyʪʦʯʥʦʤ ʪʝʯʝʥʠʠ ʚ ʢʘʥʘʣʝ 
ʕʢʩʧʝʨʠʤʝʥʪ 

ʅʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ 

ʥʘ ʩʪʝʥʢʘʭ ʢʘʥʘʣʘ 
1.9 

8 
ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʚʙʣʠʟʠ  

ʧʨʦʪʠʚʦʣʘʚʠʥʥʦʛʦ ʙʘʨʴʝʨʘ 
ʕʢʩʧʝʨʠʤʝʥʪ 

ɺʳʩʦʪʘ  

ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ 
<1.0 

9 
ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ  

ʥʘ ʜʚʫʩʢʘʪʥʦʤ ʧʦʢʨʳʪʠʠ 

ʕʢʩʧʝʨʠʤʝʥʪ / 

ʥʦʨʤʳ 
ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ <5.0 

10 
ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ  

ʥʘ ʰʝʜʦʚʦʤ ʧʦʢʨʳʪʠʠ 

ʕʢʩʧʝʨʠʤʝʥʪ / 

ʥʦʨʤʳ 
ʂʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ <10.0 

11 
ʊʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʝ  

ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 
ʕʢʩʧʝʨʠʤʝʥʪ 

ʂʨʠʚʘʷ ʩʚʦʙʦʜʥʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ 
2.66 

*  ï ʜʣʷ ʪʝʭ ʧʨʠʤʝʨʦʚ, ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʘʩʯʸʪʳ (ʠʟʤʝʥʝʥʘ ʤʦʜʝʣʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʤʦʜʝʣʴ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ, ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʧʨ.), ʧʨʠʚʝʜʝʥʘ ʥʘʠʤʝʥʴʰʘʷ ʜʦʩʪʠʛʥʫʪʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʉɿ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʉʂʆ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʇʂ ï ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 
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3. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʘʚʪʦʨʦʚ ʦʪʯʸʪʘ 

ɿʘʜʘʯʘ ˉ1. ɺʝʪʨʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʟʤʫ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ 

ʀʩʪʦʯʥʠʢʠ 1. Lee B.E. The effect of turbulence on the surface pressure field of a 

square prism // Journal of Fluid Mechanics. 1975. No. 69.  pp. 263ï282.  

Reinhold T.A., Tieleman H.W., Maher F.J. Interaction of square prism in 

two flow fields // Journal of Industrial Aerodynamics. 1977. No 2. pp. 

223-241 

2. Bearman P. W., Obasaju E. D. An experimental study of pressure 

fluctuations on fixed and oscillating square-section cylinders // Journal of 

Fluid Mechanics. 1982. No. 119. pp. 297ï321.  

3. Sakamoto H., Haniu H., Obata Y. Fluctuating forces acting of two 

square prisms in a tandem arrangement // Journal of Wind Engineering 

and Industrial Aerodynamics. 1987. No 26. pp. 85-103 

4. Noda H., Nakayama A. Free-stream turbulence effects on the 

instantaneous pressure and forces on cylinders of rectangular cross 

section // Experiments in Fluids. 2003. No 34. pp. 332-344 

5. Alam Md. M., Bai H., Zhou Yu. The wake of two staggered square 

cylinders // J. Fluid Mech. 2016. Vol. 801. pp. 475-507 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ 3D, ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ: SST k-ɤ, EARSM, ʆʙʦʙʱʸʥʥʘʷ k-ɤ 

Csep = 1.75, 0.75), ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ: SAS SST (URANS), 

WALE (LES). 

ɺʭʦʜʥʦʡ ʬʘʡʣ Prism-SST.cas, Prism-SST.dat, Prism-GEKO075.cas,  

Prism-GEKO075.dat, Prism-GEKO175.cas, Prism-GEKO175.dat, 

Prism-EARSM.cas, Prism-EARSM.dat, Prism-SAS.cas, Prism-SAS.dat, 

Prism-LES.cas, Prism-LES.dat 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʪʝʢʘʥʠʝ ʚʦʟʜʫʭʦʤ ʧʨʠʟʤʳ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ (Re = 2.2Ā105). 

ʅʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʣʘʤʠʥʘʨʥʳʡ. ʉ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ: 

ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʣ, ,D D LC C C  

2 2 21 1 1
2 2 2

; ; ;D D L
D D L

F F F
C C C

U LH U LH U LH
 

ï ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ Sh 

;vf L
Sh

U
 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʘʚʣʝʥʠʡ 

2 21 1
2 2

; ,e e

p p
c c

U U
 

ʛʜʝ  

ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; 

U ï ʩʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ; 

L, H ï ʨʘʟʤʝʨ ʩʪʦʨʦʥʳ ʠ ʚʳʩʦʪʘ ʮʠʣʠʥʜʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

DF  ï ʩʨʝʜʥʷʷ ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

,D LF F  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
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fv ï ʭʘʨʘʢʪʝʨʥʘʷ ʯʘʩʪʦʪʘ ʩʨʳʚʘ ʚʠʭʨʝʡ (ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʠʛʥʘʣʦʚ); 

0p p p  ï ʧʝʨʝʧʘʜ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ (ʨʝʬʝʨʝʥʪʥʦʝ ʜʘʚʣʝʥʠʝ 0p  ʚʳʯʠʩʣʷʣʦʩʴ 

ʧʝʨʝʜ ʧʨʠʟʤʦʡ ʥʘ ʚʭʦʜʝ); 

p  ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʘʚʣʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 1) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

 ɺʦʟʜʫʭ:  

ʇʣʦʪʥʦʩʪʴ: 1.225 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 1.7894Ā10-5 ʢʛ/(ʤĀʩ) 

ʈʘʟʤʝʨʳ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ: 

4 Ĭ 2 Ĭ 0.4 ʤ. 

 

ʈʘʟʤʝʨʳ ʧʨʠʟʤʳ:  

L = 0.1 ʤ, ʚʳʩʦʪʘ H = 0.4 ʤ. 

 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ  

ʚ ʢʘʥʘʣ: 3.214 ʤ/ʩ 

 

ʅʫʣʝʚʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ  

ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ. 

 

ʅʘ ʚʥʝʰʥʠʭ ʛʨʘʥʷʭ ʨʘʩʯʸʪ-

ʥʦʡ ʦʙʣʘʩʪʠ: ʫʩʣʦʚʠʝ ʩʠʤ-

ʤʝʪʨʠʠ (ʥʫʣʝʚʳʝ ʧʨʦʠʟʚʦʜ-

ʥʳʝ ʧʦ ʥʦʨʤʘʣʠ) 

 

ʅʘ ʧʨʠʟʤʝ: ʩʪʝʥʢʠ ʙʝʟ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 
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ʘ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʝʯʝʥʠʝ 

 
ʙ) ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ ʥʘ ʧʨʠʟʤʝ 

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʝʯʥʦʦʙʲʝʤʥʘʷ ʩʝʪʢʘ (6.1 ʤʣʥ. ʂʆ) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʮʠʦʥʘʨʥʳʭ (RANS ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ SST k-ɤ, EARSM, 

ʆʙʦʙʱʸʥʥʘʷ k-ɤ) ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʘʩʯʸʪʦʚ (URANS ʧʦʜʭʦʜ ʩ ʤʦʜʝʣʴʶ SAS SST ʠ LES 

ʧʦʜʭʦʜ ʩ ʤʦʜʝʣʴʶ WALE) ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ: 

ï RANS ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʘʶʪ ʩʨʝʜʥʠʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʥʘ ʙʦʢʦʚʳʭ ʠ 

ʟʘʜʥʝʡ ʩʪʝʥʢʘʭ ʧʨʠʟʤʳ ʠ ʩʠʣʫ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ, ʧʦʵʪʦʤʫ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

ï ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʦʩʪʘʥʦʚʢʠ URANS (SAS SST) ʠ LES (WALE) ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʭʦʨʦʰʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʥʝ ʭʫʞʝ, ʯʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦʦʪʥʦʩʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ).  

ʘ) u(t0) 
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ʙ) u  

  

ʚ) u  

 
ʈʠʩʫʥʦʢ 3 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʪʝʯʝʥʠʷ: ʤʛʥʦʚʝʥʥʳʝ u(t0), ʩʨʝʜʥʠʝ u  ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ u  ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ, ʤ/ʩ 

(ʧʦʩʪʘʥʦʚʢʘ LES, ʤʦʜʝʣʴ ʧʦʜʩʝʪʦʯʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ WALE) 

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʄʦʜʝʣʴ/ʵʢʩʧʝʨʠʤʝʥʪ 
DC  DC  LC  Sh 

Fluent 

SST k-ɤ 1.520 - - - 

EARSM 1.486 - - - 

GEKO k-ɤ (Csep = 1.75) 1.501 - - - 

GEKO k-ɤ (Csep = 0.75) 1.549 - - - 

SAS SST (URANS) 2.268 0.236 1.588 0.125 

WALE (LES) 2.121 0.158 1.358 0.135 

ʕʢʩʧʝʨʠʤʝʥʪʳ 

Lee, 1975 2.200 0.230 1.230 0.120 

Reinhold, 1977 2.190 0.230 1.070 0.130 

Sakamoto, 1987 2.380 0.180 1.230 0.130 

Noda, 2003 2.164 0.207 1.180 0.131 

Alam, 2016 2.150 - 1.180 0.128 

ʉʨʝʜʥʠʝ 2.217 0.212 1.178 0.128 

ʈʘʟʥʠʮʘ ʩʦ ʩʨʝʜʥʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

SAS SST (URANS) 2.30% 11.25% 34.76% 2.18% 

WALE (LES) 4.33% 25.53% 15.29% 5.86% 
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ʈʠʩʫʥʦʢ 4 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʥʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʘʚʣʝʥʠʷ ec  

 
ʈʠʩʫʥʦʢ 5 ï ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ  

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʘʚʣʝʥʠʷ ec  

ʊʘʙʣʠʮʘ 2 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʘʚʣʝʥʠʡ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ Bearman and Obasaju (ʧʦ ʤʝʪʨʠʢʝ Dn, %) 

ʄʦʜʝʣʴ 
ec  ec  

SAS SST (URANS) 9.37 14.33 

WALE (LES) 7.26 7.55 
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ɿʘʜʘʯʘ ˉ2. ɺʝʪʨʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʠʧʦʚʦʝ ʤʥʦʛʦʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʚ 

ʩʣʘʙʦʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ 

ʀʩʪʦʯʥʠʢ Goryachevsky O.S. Numerical modelling of wind loads on windows. 

Validation for a high-rise square plan building // International Journal for 

Computational Civil and Structural Engineering. 2023. Vol. 19. ˉ. 3. 

pp. 114-129 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʉʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ: SST k-ɤ, ʆʙʦʙʱʸʥʥʘʷ k-ɤ (Csep = 1.0, 1.75, 

2.25). 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ: SAS SST (URANS), SBES (WALE+SST) 

(ʛʠʙʨʠʜʥʳʡ RANS-LES). 

ɺʭʦʜʥʦʡ ʬʘʡʣ  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʪʝʢʘʥʠʝ ʚʦʟʜʫʭʦʤ 17-ʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ ʚ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (Re å 1.3Ā106). ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚ çʫʩʣʦʚʠʷʭ ɸɼʊè 

ʙʝʟ ʰʧʠʣʝʡ ʠ ʢʫʙʠʢʦʚ (ʩʣʘʙʦʪʫʨʙʫʣʝʥʪʥʳʡ ʧʦʪʦʢ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʅʀʋ ʄɻʉʋ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ï 1:100. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 24-ʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ (ʨʠʩ. 7), 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʘ ʩʯʸʪ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ ʦʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸ ʯʠʩʣʝʥʥʳʝ ï ʪʦʣʴʢʦ ʜʣʷ 4-ʭ. 

ɼʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʨʘʟʤʝʱʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ 2-ʭ ʩʪʦʨʦʥʘʭ ʥʘ 14, 23 ʠ 25 ʵʪʘʞʘʭ 

(ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩ. 6ʘ). ʏʠʩʣʝʥʥʦ ʟʘʤʝʨʷʣʠʩʴ ʚ ʪʝʭ ʞʝ ʤʝʩʪʘʭ, ʥʦ ʥʘ ʚʩʝʭ ʵʪʘʞʘʭ ʠ 

ʩʪʦʨʦʥʘʭ (ʩʠʥʠʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩ. 6ʘ).  

 

 

 

 

ʘ) ʦʙʱʠʡ ʚʠʜ ʟʜʘʥʠʷ ʠ ʩʭʝʤʘ 

ʨʘʟʤʝʱʝʥʠʷ ʪʦʯʝʢ ʟʘʤʝʨʦʚ 
ʙ) ʨʘʟʤʝʨʳ, ʤʤ ʚ) ʤʘʢʝʪ ʚ ɸɼʊ 

ʈʠʩʫʥʦʢ 6 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʜʘʥʠʷ 
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ʘ) ʧʨʦʬʠʣʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ, 

ʤ/ʩ  

ʙ) ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, 

ʚ) ʠʩʩʣʝʜʫʝʤʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʝʪʨʘ (ʩʠʥʠʤ ï ʯʠʩʣʝʥʥʦ) 

ʈʠʩʫʥʦʢ 7 ï ʇʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 

 

 
ʙ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʝʯʝʥʠʷ ʘ) ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʪʢʘ 

ʈʠʩʫʥʦʢ 8 ï ʂʦʥʝʯʥʦʦʙʲʸʤʥʘʷ ʩʝʪʢʘ ʟʘʜʘʯʠ (5.75 ʤʣʥ. ʂʆ) 
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ɿʘʜʘʯʘ ˉ3. ʇʦʩʪʫʧʘʪʝʣʴʥʳʝ ʚʠʭʨʝʚʦʟʙʫʞʜʸʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʮʠʣʠʥʜʨʘ ʧʨʠ 

ʥʠʟʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 

ʀʩʪʦʯʥʠʢ Anagnostopoulos P., Bearman P. W. Response characteristics of a 

vortex-excited cylinder at low Reynolds numbers //Journal of Fluids 

and Structures. ï 1992. ï ʊ. 6. ï ˉ. 1. ï ʉ. 39-50. 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʣʘʤʠʥʘʨʥʳʡ ʧʦʪʦʢ, ʜʚʫʭʤʝʨʥʘʷ ʧʦʩʪʘ-

ʥʦʚʢʘ, ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (Rigid Body, Dynamic Mesh, UDF) 

ɺʭʦʜʥʦʡ ʬʘʡʣ OscilationsCylinder-2D.cas.h5, osc-cylinder.c 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʫʛʣʳʡ ʮʠʣʠʥʜʨ, ʧʦʛʨʫʞʸʥʥʳʡ ʚ ʚʦʜʥʳʡ ʢʘʥʘʣ. ʎʠʣʠʥʜʨ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʨʫʞʠʥʥʦʡ ʦʧʦʨʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʢʦʣʝʙʘʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʪʝʯʝʥʠʷ. ʆʙʪʝʢʘʥʠʝ ʧʨʦʭʦʜʠʪ ʚ ʣʘʤʠʥʘʨʥʦʤ 

ʨʝʞʠʤʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ. 

 

 
ʈʠʩʫʥʦʢ 9 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ 
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ʈʠʩʫʥʦʢ 10 ï ʂʦʥʝʯʥʦʦʙʲʸʤʥʘʷ ʩʝʪʢʘ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (19 216 ʂʆ) 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ (ʨʠʩ. 10) 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʥʘ ʮʠʣʠʥʜʨʝ 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʧʦ ʥʦʨʤʘʣʠ ʢ ʮʠʣʠʥʜʨʫ ʚ 

ʢʨʫʛʦʚʦʡ ʟʦʥʝ 

ʆʪʥʦʰʝʥʠʝ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʧʦʩʣʝʜʥʝʤʫ 

ʵʣʝʤʝʥʪʫ ʚ ʢʨʫʛʦʚʦʡ ʦʙʣʘʩʪʠ 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ 

80 

 

0.00005ʤ 

 

4 

0.0002ʤ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 9) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ɺʦʜʘ:  

ʇʣʦʪʥʦʩʪʴ: 1 000 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 0.001 ʢʛ/(ʤϊʩ) 

 

ʇʨʫʞʠʥʘ: 

ɾʝʩʪʢʦʩʪʴ: 69.48 ʅ/ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ: 0.0039 ʅϊʩ/ʤ 

ʄʘʩʩʘ: 0.03575 ʢʛ 

ɼʠʘʤʝʪʨ ʮʠʣʠʥʜʨʘ: 

0.0016 ʤ 

ɼʣʠʥʘ ʢʘʥʘʣʘ: 0.032 ʤ 

ɺʳʩʦʪʘ ʢʘʥʘʣʘ: 0.02 ʤ 

 

ʉʢʦʨʦʩʪʴ ʚʦʜʳ ʥʘ ʚʭʦʜʝ  

ʚ ʢʘʥʘʣ: 0.05-0.088 ʤ/ʩ 

ʅʘ ʚʳʭʦʜʝ: "ʤʷʛʢʠʝ" ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʩ ʥʫʣʝʚʳʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ 

ʅʘ ʮʠʣʠʥʜʨʝ: ʩʪʝʥʢʠ ʙʝʟ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʅʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠ: 

ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ (ʥʫʣʝʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʥʦʨʤʘʣʠ) 

 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 20 - 30 ʩ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 0.002 ʩ. ʆʙʪʝʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʥʠʟʢʠʭ ʯʠʩʣʘʭ 

ʈʝʡʥʦʣʴʜʩʘ (Re = 80-141). ʅʘ ʦʜʠʥ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʚʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 20 ʠʪʝʨʘʮʠʡ.  ɼʣʷ 

ʫʨʘʚʥʝʥʠʡ ʜʘʚʣʝʥʠʡ ʠ ʤʦʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ 

ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE.  

ɼʣʷ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʮʠʣʠʥʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʝʪʢʘ (Dynamic Mesh) ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʤʦʜʝʣʴʶ ʞʝʩʪʢʦʛʦ ʪʝʣʘ (Rigid Body Motion), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  17 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʦʢʘ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʢʠ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ 

ʰʘʛʝ ʚʳʧʦʣʥʷʣʦʩʴ ʝʸ ʧʝʨʝʩʪʨʦʝʥʠʝ (ʤʝʪʦʜ ʩʛʣʘʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ). 

ɼʚʠʞʝʥʠʝ ʮʠʣʠʥʜʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (1) ʠ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 

ʬʫʥʢʮʠʠ (UDF, User-Defined Function) ʥʘ ʷʟʳʢʝ C: 

,y y ymy c y k y F+ + =  (1) 

ʛʜʝ m ï ʤʘʩʩʘ, ʢʛ; cy ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʅϊʩ/ʤ; ky ï ʞʝʩʪʢʦʩʪʴ ʅ/ʤ; y ï 

ʧʝʨʝʤʝʱʝʥʠʝ, ʤ; Fy ï ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ (ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ), ʅ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʘʩʯʸʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʮʠʣʠʥʜʨʘ 

ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ.  

 
ʈʠʩʫʥʦʢ 11 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y/D ʦʪ ʚʨʝʤʝʥʠ  

(uÐ = 0.05 ʤ/ʩ, Re = 80) 

 
ʈʠʩʫʥʦʢ 12 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y/D ʦʪ ʚʨʝʤʝʥʠ  

(uÐ = 0.052 ʤ/ʩ, Re = 83.2) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  18 

 
ʈʠʩʫʥʦʢ 13 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y/D ʦʪ ʚʨʝʤʝʥʠ  

(uÐ = 0.054 ʤ/ʩ, Re = 86.4) 

 
ʈʠʩʫʥʦʢ 14 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y/D ʦʪ ʚʨʝʤʝʥʠ  

(uÐ = 0.056 ʤ/ʩ, Re = 89.6) 

 
ʈʠʩʫʥʦʢ 15 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y/D ʦʪ ʚʨʝʤʝʥʠ  

(uÐ = 0.072 ʤ/ʩ, Re = 115.2) 

 
ʈʠʩʫʥʦʢ 16 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y/D ʦʪ ʚʨʝʤʝʥʠ  

(uÐ = 0.078 ʤ/ʩ, Re = 124.8) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  19 

 
ʈʠʩʫʥʦʢ 17 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y/D ʦʪ ʚʨʝʤʝʥʠ  

(uÐ = 0.088 ʤ/ʩ, Re = 140.8) 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ: 

ʅʘ ʨʠʩʫʥʢʝ 18 ʧʦʢʘʟʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʚ 

ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (Y/D, D - ʜʠʘʤʝʪʨ ʮʠʣʠʥʜʨʘ) ʧʨʠ ʨʘʟʥʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ. 

 
ʈʠʩʫʥʦʢ 18 ï ʄʘʢʩʠʤʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (Y/D) ʧʨʠ ʨʘʟʥʳʭ 

ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ Re 

 

ʊʘʙʣʠʮʘ 3: ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ (Y/D)  

 Fluent ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʈʘʩʭʦʞʜʝʥʠʝ (%) 

Y/D 0.5332 (Re = 89.6) 0.544 (Re = 110) 1.93 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʫ: ʦʪʢʣʦʥʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 1.93% 

(ʪʘʙʣʠʮʘ 3). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʣʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʘʤʧʣʠʪʫʜʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʧʦʣʦʞʝʥʠʠ ʛʨʘʥʠʮʳ ʩʤʝʥʳ ʨʝʞʠʤʘ ʦʙʪʝʢʘʥʠʷ: ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ Re = 104, 

ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ - ʧʨʠ Re = 89.6. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʨʦʛʦʡ 

ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʟʘʜʘʯʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʢ ʘʙʩʦʣʶʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʤʘʩʩʝ, 

ʞʸʩʪʢʦʩʪʠ, ʜʝʤʧʬʠʨʦʚʘʥʠʶ), ʘ ʪʘʢʞʝ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  20 

ʘ) t= 3 c 

 

ʙ) t= 15.86 c 

 

ʚ) t= 16.08 

 

ʛ) t= 20 c 

 
ʈʠʩʫʥʦʢ 19 ï ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʤ/ʩ 

(uÐ = 0.056 ʤ/ʩ, Re = 89.6) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  21 

ɿʘʜʘʯʘ ˉ4. ɺʨʘʱʘʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʝʣʘ  

ʀʩʪʦʯʥʠʢ Robertson I., Sherwin S. J., Bearman P. W. Flutter instability predic-

tion techniques for bridge deck sections //International journal for nu-

merical methods in fluids. ï 2003. ï ʊ. 43. ï ˉ. 10 11. ï ʉ. 1239-

1256. 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʣʘʤʠʥʘʨʥʳʡ ʧʦʪʦʢ, ʜʚʫʭʤʝʨʥʘʷ ʧʦʩʪʘ-

ʥʦʚʢʘ, ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (Rigid Body, Dynamic Mesh, UDF) 

ɺʭʦʜʥʦʡ ʬʘʡʣ RotationalRectangle-2D.cas.h5, rotate-rect.c 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ ʩ ʞʸʩʪʢʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʪʝʣʦʤ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʚ ʜʚʫʤʝʨʥʦʤ ʥʝʩʞʠʤʘʝʤʦʤ ʣʘʤʠʥʘʨʥʦʤ 

ʧʦʪʦʢʝ ʩ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ Re = 250. ʎʝʥʪʨ ʚʨʘʱʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʪʝʣʘ. 

 
ʈʠʩʫʥʦʢ 20 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  22 

 
ʈʠʩʫʥʦʢ 21 ï ʌʨʘʛʤʝʥʪ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (55 046 ʂʆ) 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ (ʨʠʩ. 21) 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʝʯʝʥʠʠ 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚʙʣʠʟʠ ʩʝʯʝʥʠʷ 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

0.08 - 0.1ʤ 

0.1 ʤ 

0.3ʤ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 20) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʇʦʪʦʢ:  

ʇʣʦʪʥʦʩʪʴ: 1 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 0.01 ʢʛ/ʤϊʩ 

 

ʇʨʫʞʠʥʘ: 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ ʚʨʘʱʝʥʠʷ: 400 ʢʛϊʤ2 

ɾʝʩʪʢʦʩʪʴ ʥʘ ʚʨʘʱʝʥʠʝ:  

61.685 ʅϊʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ: 

0.0625 ʅϊʤϊʩ 

ɺʳʩʦʪʘ ʩʝʯʝʥʠʷ: 1 ʤ 

ʐʠʨʠʥʘ ʩʝʯʝʥʠʷ: 4 ʤ 

ɼʣʠʥʘ ʜʦʤʝʥʘ: 69 ʤ 

ɺʳʩʦʪʘ ʜʦʤʝʥʘ: 40 ʤ 

 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ  

ʚ ʜʦʤʝʥ: 2.5 ʤ/ʩ 

ʅʘ ʚʳʭʦʜʝ: "ʤʷʛʢʠʝ" 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩ 

ʥʫʣʝʚʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʜʘʚʣʝʥʠʷʤʠ 

ʅʘ ʩʝʯʝʥʠʠ: ʩʪʝʥʢʠ ʙʝʟ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʅʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠ: 

ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ (ʥʫʣʝʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʥʦʨʤʘʣʠ) 

 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 300 ʩ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ 

ʧʦ ʚʨʝʤʝʥʠ 0.002 ʩ. ʆʙʪʝʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʈʝʡʥʦʣʴʜʩʘ (Re = 250). ʅʘ 

ʦʜʠʥ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʚʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 20 ʠʪʝʨʘʮʠʡ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʜʘʚʣʝʥʠʡ ʠ ʤʦʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE.  

ɼʣʷ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʝʪʢʘ (Dynamic Mesh) ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʤʦʜʝʣʴʶ ʞʝʩʪʢʦʛʦ ʪʝʣʘ (Rigid Body Motion), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʦʢʘ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʢʠ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ 

ʰʘʛʝ ʚʳʧʦʣʥʷʣʦʩʴ ʝʸ ʧʝʨʝʩʪʨʦʝʥʠʝ (ʤʝʪʦʜ ʩʛʣʘʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ).  

ɼʚʠʞʝʥʠʝ ʪʝʣʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (2) ʠ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ 

ʬʫʥʢʮʠʠ (UDF, User-Defined Function) ʥʘ ʷʟʳʢʝ C: 

 

 



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  23 

,I c k Mq q q qq+ q+ q= (2) 

ʛʜʝ Iɗ ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʢʛϊʤ2; cɗ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʅϊʤϊʩ; kɗ ï ʞʝʩʪʢʦʩʪʴ  

ʅϊʤ; ɗ ï ʫʛʦʣ ʚʨʘʱʝʥʠʝ, ʨʘʜ; Mɗ ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʅϊʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʫʛʦʣ ʧʦʨʦʪʘ ɗ ʩʝʯʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ 4: ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y ʠ ʫʛʣʘ 

ʧʦʨʦʪʘ ɗ ʩʝʯʝʥʠʷ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

 Fluent ʀʩʪʦʯʥʠʢ ʈʘʩʭʦʞʜʝʥʠʝ (%) 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ  

ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ ɗ,  
18.07 14.9 17.58 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ fɗ, ɻʮ 0.049 0.048 2.95 

 

 
ʈʠʩʫʥʦʢ 22 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ ɗ ʦʪ ʚʨʝʤʝʥʠ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʩʪʦʯʥʠʢʫ (ʪʘʙʣʠʮʘ 4, 

ʨʠʩʫʥʦʢ 22). ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʸʪ ʚ Fluent ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʧʦ 

ʯʘʩʪʦʪʝ (2.95%), ʘ ʨʘʟʥʠʮʘ ʚ ʘʤʧʣʠʪʫʜʝ (17.6%) ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʣʠʯʠʷʤʠ ʚ ʯʠʩʣʝʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʝʪʢʝ. 

 

  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  24 

 

 
ʈʠʩʫʥʦʢ 23 ï ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t= 225 c, ʤ/ʩ   



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  25 

ɿʘʜʘʯʘ ˉ5. ʂʦʣʝʙʘʥʠʷ ʩʝʯʝʥʠʷ ʤʦʩʪʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ 

ʀʩʪʦʯʥʠʢ Dettmer W. G., Periĺ D. A fully implicit computational strategy for 

strongly coupled fluidïsolid interaction //Archives of Computational 

Methods in Engineering. ï 2007. ï ʊ. 14. ï ʉ. 205-247. 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʣʘʤʠʥʘʨʥʳʡ ʧʦʪʦʢ, ʜʚʫʭʤʝʨʥʘʷ ʧʦʩʪʘ-

ʥʦʚʢʘ, ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (Rigid Body, Dynamic Mesh, UDF) 

ɺʭʦʜʥʦʡ ʬʘʡʣ FlutterBridgeDeck-2D.cas.h5, motion_deck.c 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʞʸʩʪʢʦʝ ʪʝʣʦ ʞʸʩʪʢʦʝ ʪʝʣʦ ʩ ʅ-ʦʙʨʘʟʥʳʤ ʧʨʦʬʠʣʝʤ. ʊʝʣʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʫʧʨʫʛʠʤʠ ʦʧʦʨʘʤʠ: ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʚʨʘʱʝʥʠʝ ʚʨʘʱʝʥʠʶ.  

 
ʈʠʩʫʥʦʢ 24 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤ) 

 
ʈʠʩʫʥʦʢ 25 ï ʌʨʘʛʤʝʥʪ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (88 714 ʂʆ) 



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  26 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ (ʨʠʩ. 25) 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʝʯʝʥʠʠ 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚʙʣʠʟʠ ʩʝʯʝʥʠʷ 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

0.11-0.15 ʤ 

0.15 ʤ 

0.45ʤ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 24) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʇʦʪʦʢ:  

ʇʣʦʪʥʦʩʪʴ: 1.25 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 0.1 ʢʛ/ʤ ʩ 

 

ʇʨʫʞʠʥʘ: 

ɾʝʩʪʢʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʨʫʞʠʥʳ: 2 000 ʅ/ʤ  

ɾʝʩʪʢʦʩʪʴ ʚʨʘʱʘʪʝʣʴʥʦʡ 

ʧʨʫʞʠʥʳ: 40 000 ʅ ʤ 

ʄʘʩʩʘ: 3 000 ʢʛ 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ ʚʨʘʱʝʥʠʷ: 25 300 ʢʛ ʤ2 

ɺʳʩʦʪʘ ʩʝʯʝʥʠʷ: 2.4 ʤ 

ʐʠʨʠʥʘ ʩʝʯʝʥʠʷ: 12 ʤ 

ʊʦʣʱʠʥʘ ʩʝʯʝʥʠʷ: 0.3 ʤ 

ɼʣʠʥʘ ʜʦʤʝʥʘ: 140 ʤ 

ɺʳʩʦʪʘ ʜʦʤʝʥʘ: 90 ʤ 

 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ  

ʚ ʜʦʤʝʥ: 10 ʤ/ʩ 

ʅʘ ʚʳʭʦʜʝ: "ʤʷʛʢʠʝ" 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩ 

ʥʫʣʝʚʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʜʘʚʣʝʥʠʷʤʠ 

ʅʘ ʩʝʯʝʥʠʠ: ʩʪʝʥʢʠ ʙʝʟ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʅʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠ: 

ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ (ʥʫʣʝʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʥʦʨʤʘʣʠ) 

 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 240 ʩ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ 

ʧʦ ʚʨʝʤʝʥʠ 0.01ʩ. ʆʙʪʝʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ (Re = 1 500). ʅʘ ʦʜʠʥ ʰʘʛ 

ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʚʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 20 ʠʪʝʨʘʮʠʡ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʜʘʚʣʝʥʠʡ ʠ ʤʦʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE.  

ɼʣʷ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʩʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʝʪʢʘ (Dynamic Mesh) ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʤʦʜʝʣʴʶ ʞʝʩʪʢʦʛʦ ʪʝʣʘ (Rigid Body Motion), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʩʦ 

ʩʪʦʨʦʥʳ ʧʦʪʦʢʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʢʠ ʥʘ 

ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʚʳʧʦʣʥʷʣʦʩʴ ʝʸ ʧʝʨʝʩʪʨʦʝʥʠʝ (ʤʝʪʦʜ ʩʛʣʘʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ). ɼʚʠʞʝʥʠʝ ʩʝʯʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (1-2) ʠ ʟʘʜʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʬʫʥʢʮʠʠ (UDF, User-Defined Function) ʥʘ ʷʟʳʢʝ C 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ y 

ʠ ʫʛʦʣ ʧʦʨʦʪʘ ɗ ʩʝʯʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ 5: ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ y ʠ ʫʛʣʘ 

ʧʦʨʦʪʘ ɗ ʩʝʯʝʥʠʷ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

 Fluent ʀʩʪʦʯʥʠʢ ʈʘʩʭʦʞʜʝʥʠʝ (%) 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʩʝʯʝʥʠʷ y, ʤ 
0.8461 0.804 5.24 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ fy, ɻʮ 0.1853 0.182 1.81 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʩʝʯʝʥʠʷ ɗ, ʨʘʜ 
0.9319 0.788 18.26 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ fɗ, ɻʮ 0.1853 0.182 1.81 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  27 

 

 
ʈʠʩʫʥʦʢ 26 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʝʯʝʥʠʷ y ʦʪ 

ʚʨʝʤʝʥʠ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

 

 
ʈʠʩʫʥʦʢ 27 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ ɗ ʦʪ ʚʨʝʤʝʥʠ ʚ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

 

ɻʨʘʬʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʢʠ 26, 27), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ʩʝʯʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʘʤʠ ʚ Fluent 

ʠ ʜʘʥʥʳʤʠ ʠʟ ʠʩʪʦʯʥʠʢʘ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʘ (1.81%).  

ɺ ʪʘʙʣʠʮʝ 5 ʧʦʢʘʟʘʥʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ 

Fluent, ʠ ʜʘʥʥʳʤʠ ʠʟ ʠʩʪʦʯʥʠʢʘ. ʆʪʢʣʦʥʝʥʠʝ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ (y) ʩʦʩʪʘʚʣʷʝʪ 

5.24%, ʘ ʜʣʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ (ɗ) - 18.26%. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʨʘʟʣʠʯʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʧʨʠʝʤʣʝʤʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʱʫʶ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ 

ʧʣʘʥʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʆʪʢʣʦʥʝʥʠʷ ʚ ʘʤʧʣʠʪʫʜʘʭ (ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ) ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʝʪʢʝ ʠʣʠ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ, ʦʜʥʘʢʦ, ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ ʦʩʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʙʱʝʛʦ ʧʦʜʭʦʜʘ ʠ ʤʦʜʝʣʠ. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  28 

ʘ) t= 115.6 c 

  

ʙ) t= 118.4 c 

 

ʚ) t= 122.2 

 
ʈʠʩʫʥʦʢ 28 ï ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʤ/ʩ 

  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  29 

ɿʘʜʘʯʘ ˉ6. ʂʦʣʝʙʘʥʠʷ ʧʣʘʩʪʠʥʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 

ʀʩʪʦʯʥʠʢ Gl¿ck M. et al. Computation of fluidïstructure interaction on lightweight 

structures //Journal of Wind Engineering and Industrial Aerodynamics. ï 

2001. ï ʊ. 89. ï ˉ. 14-15. ï ʉ. 1351-1368. 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʣʘʤʠʥʘʨʥʳʡ ʧʦʪʦʢ,  

ʜʚʠʞʝʥʠʝ ʫʧʨʫʛʦʛʦ ʪʝʣʘ (System Coupling, Dynamic Mesh) 

ɺʭʦʜʥʦʡ ʬʘʡʣ OscilationPlate.wbpj  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʘʩʪʠʥʘ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʘʷ ʩʥʠʟʫ, ʢʦʪʦʨʘʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʥʝʟʘʧʥʦ ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘʯʠʥʘʝʪ ʢʦʣʝʙʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ 

ʜʦʩʪʠʛʥʝʪ ʩʦʩʪʦʷʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʩʚʷʟʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

(Fluent + Mechanical), ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʢʠ ʠ ʩʠʩʪʝʤʥʦʡ ʩʚʷʟʠ (System 

Coupling) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʞʠʜʢʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ. ɼʠʥʘʤʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʪʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ANSYS Mechanical, ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚ ʈɸɸʉʅ [é].  

 
ʈʠʩʫʥʦʢ 29 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤ) 

 
ʈʠʩʫʥʦʢ 30 ï ʉʝʪʢʘ 1: ʉʝʯʝʥʠʝ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ (ʛʝʢʩʘʵʜʨʳ + ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʷʯʝʡʢʠ) ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʧʣʘʩʪʠʥʳ (133 460 ʂʆ) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  30 

 
ʈʠʩʫʥʦʢ 31 ï ʉʝʪʢʘ 2: ʉʝʯʝʥʠʝ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ (ʛʝʢʩʘʵʜʨʳ) 

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʧʣʘʩʪʠʥʳ (83 470 ʂʆ) 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʳʭ ʩʝʪʦʢ  

(ʨʠʩ. 30-31) 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ  

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʥʘ ʧʣʘʩʪʠʥʝ 

ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʤʝ 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ 

ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʩʪʝʥʢʘʭ 

ʈʘʟʤʝʨ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

0.015-0.05 ʤ 

0.1 ʤ 

 

10 

20 ʩʣʦʝʚ 

 

0.005 ʤ 

ʊʠʧ ʵʣʝʤʝʥʪʘ 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʚʳʩʦʪʝ 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʧʦ hʠʨʠʥʝ 

SHELL181 

 

20 

 

10 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 9) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʇʦʪʦʢ:  

ʇʣʦʪʥʦʩʪʴ: 1.0 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 0.2 ʢʛ/(ʤĀʩ) 

 

ʇʣʘʩʪʠʥʘ: 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ: 3500 ʄʇʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ: 0.32 

ɺʳʩʦʪʘ ʧʣʘʩʪʠʥʳ: 1 ʤ 

ʐʠʨʠʥʘ ʧʣʘʩʪʠʥʳ: 0.4 ʤ 

ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ:  

0.003 ʤ 

ɼʣʠʥʘ ʜʦʤʝʥʘ: 12 ʤ 

ɺʳʩʦʪʘ ʜʦʤʝʥʘ: 4 ʤ 

ʐʠʨʠʥʘ ʜʦʤʝʥʘ: 0.4 ʤ 

 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ  

ʚ ʜʦʤʝʥ: 10 ʤ/ʩ 

ʅʘ ʚʳʭʦʜʝ: "ʤʷʛʢʠʝ" 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩ 

ʥʫʣʝʚʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʜʘʚʣʝʥʠʷʤʠ 

ʅʘ ʧʣʘʩʪʠʥʝ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠ: 

ʩʪʝʥʢʠ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʅʘ ʚʝʨʭʥʝʡ ʠ ʙʦʢʦʚʳʭ ʛʨʘʥʷʭ: 

ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʠ (ʥʫʣʝʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʥʦʨʤʘʣʠ) 

 

ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʷʟʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʯʝʨʝʟ ANSYS System 

Coupling, ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʢʦʪʦʨʦʛʦ ʧʦʦʯʝʨʝʜʥʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʜʚʘ ʨʘʩʯʝʪʘ ï 

ʜʠʥʘʤʠʯʝʩʢʠʡ (ʤʝʭʘʥʠʯʝʩʢʠʡ) ʨʘʩʯʝʪ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʦʢʨʫʞʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  31 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 3 ʩ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ ʧʦ 

ʚʨʝʤʝʥʠ 0.01ʩ. ʆʙʪʝʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ (Re = 50).  

ɼʣʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʥʘ ʦʜʠʥ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʚʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 20 ʠʪʝʨʘʮʠʡ. ɼʣʷ 

ʫʨʘʚʥʝʥʠʡ ʜʘʚʣʝʥʠʡ ʠ ʤʦʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ 

ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE.  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʥʘ ʢʘʞʜʦʤ ʩʚʷʟʘʥʥʦʤ ʰʘʛʝ ʟʘʜʘʚʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 

5. ʂʦʵʬʬʠʮʠʝʥʪʳ ʥʠʞʥʝʡ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʠʥʷʪʳ 

ʨʘʚʥʳʤʠ 1. 

ɼʣʷ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʧʣʘʩʪʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʝʪʢʘ (Dynamic Mesh). 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʢʠ ʥʘ ʢʘʞʜʦʤ 

ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʚʳʧʦʣʥʷʣʦʩʴ ʝʸ ʧʝʨʝʩʪʨʦʝʥʠʝ (ʤʝʪʦʜ ʩʛʣʘʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ 

ʜʠʬʬʫʟʠʠ ʠ ʤʝʪʦʜ Based Remeshing).  

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʘʩʯʸʪʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʘʩʪʠʥʳ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ x ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʳ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ. ɺ ʪʘʙʣʠʮʝ ʧʦʢʘʟʘʥʦ 

ʨʘʩʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ x ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʳ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

 
ʈʠʩʫʥʦʢ 32 ï ɻʨʘʬʠʢʠ ʧʝʨʝʤʝʱʝʥʠʷ x ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʳ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ 

ʠʩʪʦʯʥʠʢʦʤ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  32 

 

ʊʘʙʣʠʮʘ 6: ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ x ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʣʘʩʪʠʥʳ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

  Fluent ʀʩʪʦʯʥʠʢ ʈʘʩʭʦʞʜʝʥʠʝ (%) 

ʇʝʨʝʤʝʱʝʥʠʝ x ʚ ʤʦʤʝʥʪ  

ʚʨʝʤʝʥʠ t = 3 ʩ 

ʉʝʪʢʘ 1 0.60195 
0.59 

2.03 

ʉʝʪʢʘ 2 0.60297 2.2 

ʄʘʢʩʠʤʘʣʴʥʦʝ  

ʧʝʨʝʤʝʱʝʥʠʝ x, ʤ 

ʉʝʪʢʘ 1 0.76511 
0.66 

15.65 

ʉʝʪʢʘ 2 0.76522 15.66 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʠʟ ʠʩʪʦʯʥʠʢʘ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʝʨʝʤʝʱʝʥʠʡ (ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 3 ʩ) ʧʦʢʘʟʘʣʦ 

ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 32 ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ, ʚ ʥʘʯʘʣʝ 

ʧʨʦʮʝʩʩʘ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʆʜʥʘʢʦ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠʭʦʜʷʪ ʢ ʩʭʦʞʠʤ ʟʥʘʯʝʥʠʷʤ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʭʦʨʦʰʝʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʠʩʪʦʯʥʠʢʦʤ. 

 

ʘ) t = 0.58 c 

 

ʙ) t = 3 c 

 
ʈʠʩʫʥʦʢ 33 ï ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʤ/ʩ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  33 

ɿʘʜʘʯʘ ˉ7. ʅʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʚ ʯʪyʦʯʥʦʤ ʪʝʯʝʥʠʠ ʚ ʢʘʥʘʣʝ 

ʀʩʪʦʯʥʠʢ O.N. Kashinsky and A.S. Kurdyumov, Wall shear stress during slug 

motion in an annular channel. Thermophysics and Aeromechanics, 

2021, Vol. 28, No. 2, P. 247ï250. 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʄʥʦʛʦʬʘʟʥʳʡ ʧʦʪʦʢ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ (ʤʦʜʝʣʴ k-ɤ SST),  

ʯyʪʦʯʥʦʝ ʪʝʯʝʥʠʝ 

ɺʭʦʜʥʦʡ ʬʘʡʣ Kashinsky-R2D.cas.h5 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʄʦʜʝʣʠʨʫʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʜʚʫʭʬʘʟʥʦʝ ʪʫʨʙʫʣʝʥʪʥʦʝ ʯyʪʦʯʥʦʝ ʪʝʯʝʥʠʝ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʘʥʘʣʝ (ʨʠʩ. 34). ɺ ʦʙʲʸʤ ʚʦʜʳ, ʪʝʢʫʱʠʡ ʚʥʫʪʨʠ ʢʘʥʘʣʘ, ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʝ 

ʦʪʚʝʨʩʪʠʝ ʚʧʫʩʢʘʝʪʩʷ ʦʙʲʸʤ ʛʘʟʘ (ʚʦʟʜʫʭʘ) ʚ ʪʝʯʝʥʠʠ 300 ʤʩ. ɺʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʫʟʳʨʷ ʚʦʟʜʫʭʘ ʧʦ ʢʘʥʘʣʫ ʟʘʤʝʨʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʚʜʦʣʴ ʩʪʝʥʦʢ 

ʢʘʥʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʟʘʜʘʯʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʸʪʥʳʡ ʩʣʫʯʘʡ, ʚ ʢʦʪʦʨʦʤ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʢʘʥʘʣʘ ʢʨʫʛʣʦʝ. 

 
ʈʠʩʫʥʦʢ 34 ï ɻʝʦʤʝʪʨʠ ̫ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʧʦʢʘʟʘʥʘ ʰʪʨʠʭʦʚʢʦʡ, ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤʤ) 

 
ʈʠʩʫʥʦʢ 35 ï ʌʨʘʛʤʝʥʪ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʚʩʝʛʦ 43.5 ʪʳʩ. ʂʆ) 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ (ʨʠʩ. 35) 

ʈʘʟʤʝʨʳ ʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʈʘʟʤʝʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ ʩʪʝʥʢʘʭ 

0.5 ï 1 ʤʤ 

1 ʤʤ 

20 ʩʣʦʸʚ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 34) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ɺʦʜʘ:  

ʇʣʦʪʥʦʩʪʴ: 998.2 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 0.001003 ʢʛ/ʤ ʩ 

ɺʦʟʜʫʭ:  

ʇʣʦʪʥʦʩʪʴ: 1.225 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 0.000017894 ʢʛ/ʤ ʩ 

ɼʣʠʥʘ ʢʘʥʘʣʘ: 0.63 ʤ 

ɼʠʘʤʝʪʨ ʢʘʥʘʣʘ: 0.032 ʤ 

ɼʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ 

ʜʣʷ ʚʧʫʩʢʘ ʚʦʟʜʫʭʘ:  

0.006 ʤ 

ʉʢʦʨʦʩʪʴ ʚʦʜʳ ʥʘ ʚʭʦʜʝ  

ʚ ʢʘʥʘʣ: 0.3 ʤ/ʩ 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ  

ʚ ʢʘʥʘʣ: 2 ʤ/ʩ 

ʉʪʝʥʢʠ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  34 

 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ʪʝʯʝʥʠʷ ʧʫʟʳʨʴʢʘ ʚʦʟʜʫʭʘ ʚʳʧʦʣʥʷʣʩ ̫ ʚ ʪʝʯʝʥʠʝ 2 ʩ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʫʩʣʦʚʠʠ ʂʫʨʘʥʪʘ-ʌʨʠʜʨʠʭʩʘ-ʃʝʚʠ CFL Ò 2 (ʧʨʠ ʵʪʦʤ ʰʘʛ ʧʦ 

ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣ ~1e-5 ʩ). ʅʘ ʦʜʠʥ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʚʘʣʦʩʴ ʥʝ ʙʦʣʝʝ 20 ʠʪʝʨʘʮʠʡ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ Volume of Fluid, ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ï k-ɤ SST.  

ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ ʠ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ, ʜʘʚʣʝʥʠʡ ï PRESTO!, ʦʙʲʸʤʥʦʡ ʬʘʟʳ ï Compressive. ʉʭʝʤʘ 

ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE.  

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʩʜʚʠʛʘ ʥʘ ʚʩʝʡ ʩʪʝʥʢʝ ʢʘʥʘʣʘ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ti. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ ʠʩʪʦʯʥʠʢʝ ʜʣʷ ʩʣʫʯʘʷ 

ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʧʨʠʚʝʜʝʥʦ ʪʦʣʴʢʦ ʤʛʥʦʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ 

ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʚʧʦʣʥʝ ʪʦʯʥʳʤ.  

ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 36 ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʸʪ 

ʚ ʮʝʣʦʤ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ. ʅʘ ʫʯʘʩʪʢʝ ʭ = 0 ï 0.05 ʤ ʟʥʘʯʝʥʠʷ ʥʝʩʢʦʣʴʢʦ 

ʟʘʚʳʰʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ. ʇʠʢʠ ʚ ʪʦʯʢʘʭ ʭ = 0.079 ʤ ʠ ʭ = 0.108 ʤ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ (ʨʘʩʭʦʞʜʝʥʠʝ 1.9% ʠ 4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʠʢ ʚ 

ʪʦʯʢʝ ʭ = 0.18 ʤ ʦʙʲʷʩʥʷʝʪʩʷ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʭʦʜʘ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ.  

 

 
ʈʠʩʫʥʦʢ 36 ï ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ (ʇʘ) ʥʘ ʩʪʝʥʢʘʭ ʢʘʥʘʣʘ  

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0.5 ʩ ï ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  35 

 

ʅʘʣʠʯʠʝ ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʫʯʘʩʪʢʝ ʭ = 0.07 ï 0.15 ʤ ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʦʚʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʠʟ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʤʝʥʷʣʩʷ ʵʣʝʢʪʨʦʜʠʬʬʫʟʠʦʥʥʳʡ ʤʝʪʦʜ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʝʜʠʥʠʯʥʳʝ 

ʩʝʥʩʦʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʦʯʢʘʭ ʚʜʦʣʴ ʢʘʥʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʚʦ ʚʩʝʭ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʘʭ ʧʦ ʜʣʠʥʝ ʢʘʥʘʣʘ. ɽʩʣʠ 

ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʛʣʠ ʙʳʪʴ ʫʪʝʨʷʥʳ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʜʘʪʯʠʢʦʚ ʚ ʪʝʭ ʪʦʯʢʘʭ, ʛʜʝ ʦʥʠ ʧʨʦʠʩʭʦʜʠʣʠ, ʪʦ ʯʠʩʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʛ 

çʫʣʦʚʠʪʴè ʠ ʦʪʦʙʨʘʟʠʪʴ ʠʭ. 

 

   
 t = 0 ʩ t = 0.5 ʩ t = 1.0 ʩ 

 

ʈʠʩʫʥʦʢ 37 ï ʀʟʦʧʦʣʷ ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʚʦʟʜʫʰʥʦʡ ʬʘʟʝ ʩ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ  

ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ (ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʚʦʜʳ) 

 

  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  36 

ɿʘʜʘʯʘ ˉ8. ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʚʙʣʠʟʠ ʧʨʦʪʠʚʦʣʘʚʠʥʥʦʛʦ ʙʘʨʴʝʨʘ 

ʀʩʪʦʯʥʠʢ S. Thordason. Wind Tunnel Experiments and Numerical Simulation of 

Snow Drifting around an Avalanche Protecting Dam. Environmental 

Fluid Mechanics, 2002, Vol. 2, P. 262-289 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʦʙʦʙʱʸʥʥʘʷ k-ɤ ʤʦʜʝʣʴ (Csep = 0.7),  

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʝ (ʤʦʜʝʣʴ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ) Dynamic Mesh 

ɺʭʦʜʥʦʡ ʬʘʡʣ Thordason-3D-St.cas.h5, Thordason-3D-Tr.cas.h5 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʫʝʪʩʷ ʦʙʪʝʢʘʥʠʝ ʩʥʝʛʦʚʝʪʨʦʚʳʤ ʧʦʪʦʢʦʤ ʧʨʦʪʠʚʦʣʘʚʠʥʥʦʛʦ ʙʘʨʴʝʨʘ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ (ʨʠʩ. 8). ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʚʙʣʠʟʠ ʙʘʨʴʝʨʘ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʘʷ ʛʝʦʤʝʪʨʠʷ ʨʘʙʦʯʝʛʦ ʩʝʯʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ñJules Verneò ʮʝʥʪʨʘ CSTB, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʫʢʘʟʘʥʥʦʤ ʠʩʪʦʯʥʠʢʝ. ʉʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʚʳʩʦʪʘ ʩʥʝʛʦʚʦʛʦ 

ʧʦʢʨʦʚʘ ʧʝʨʝʜ ʙʘʨʴʝʨʦʤ.  

 
ʈʠʩʫʥʦʢ 38 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤ) 

 
ʈʠʩʫʥʦʢ 39 ï ʉʝʯʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ (ʧʦʣʠʛʝʢʩʢʦʨ) ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ  

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ ʚʙʣʠʟʠ ʙʘʨʴʝʨʘ (ʚʩʝʛʦ 1.89 ʤʣʥ ʂʆ) 

  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  37 

 

  
ʈʠʩʫʥʦʢ 40 ï ʉʝʯʝʥʠʝ ʯʘʩʪʠʯʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ (ʛʝʢʩʢʦʨ) ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ  

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ ʚʙʣʠʟʠ ʙʘʨʴʝʨʘ (ʚʩʝʛʦ 2.38 ʤʣʥ ʂʆ) 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʳʭ ʩʝʪʦʢ (ʨʠʩ. 39 ʠ 40) 

ʈʘʟʤʝʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʈʘʟʤʝʨʳ ʦʙʲʸʤʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ çʟʝʤʣʝè ʠ ʙʘʨʴʝʨʝ 

0.01 ï 0.02 ʤ 

0.04 ï 0.32 ʤ 

ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ï 20 ʩʣʦʸʚ 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ï ʦʪʩʫʪʩʪʚʫʝʪ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 38) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ɺʦʟʜʫʭ:  

ʇʣʦʪʥʦʩʪʴ: 1.225 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 1.7894Ā10-5 ʢʛ/(ʤĀʩ) 

ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʩʝʢʮʠʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ: 

25 ʭ 10 ʭ 7 ʤ 

ʐʠʨʠʥʘ ʙʘʨʴʝʨʘ: 3 ʤ 

ɼʣʠʥʘ ʙʘʨʴʝʨʘ: 0.35 ʤ 

ɺʳʩʦʪʘ ʙʘʨʴʝʨʘ: 0.2 ʤ 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʭʦʜʝ: 

ʟʘʜʘʸʪʩʷ ʧʨʦʬʠʣʝʤ 

u(z) = u  ʢ-1 ln(z / z0) 

ʛʜʝ: 

u  = 0.642 ʤ/ʩ, 

z0 = 0.0002 ʤ, 

ʢ = 0.41 

ʉʪʝʥʢʠ ʤʘʢʝʪʘ ʠ çʟʝʤʣʠè 

ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, 

ʦʩʪʘʣʴʥʳʝ ʩʪʝʥʳ ï  

ʩ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ 

 

ʈʘʩʯʸʪ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 200 

ʠʪʝʨʘʮʠʡ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ï 1 ʯʘʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 0.001 ʩ (ʥʝ 

ʙʦʣʝʝ 20 ʠʪʝʨʘʮʠʡ ʥʘ ʰʘʛ). ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʦʙʦʙʱʸʥʥʘʷ k-ɤ ʤʦʜʝʣʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʩʦʝʜʠʥʝʥʠʷ ʧʦʪʦʢʘ Csep = 0.7.  

ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʩʝʚʜʦ-

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʝʪʦʜʘ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-

ʜʘʚʣʝʥʠʝ ï Coupled. 

ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ 

ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE. ɼʣʷ ʫʯʪyʘ ʨʦʩʪʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʣʦʩʴ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʚʙʣʠʟʠ ʙʘʨʴʝʨʘ (ʤʝʪʦʜ 

ʩʛʣʘʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʠ ʤʝʪʦʜ Unified Remeshing) (ʧʦʜʨʦʙʥʝʝ ʩʤ. [1]). 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  38 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 

 

ʈʠʩʫʥʦʢ 41 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʝʟʨʘʟʤʝʨʝʥʥʦʡ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ (ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ)  

 

ʈʠʩʫʥʦʢ 42 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʝʟʨʘʟʤʝʨʝʥʥʦʡ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ  
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  39 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 

 

ʈʠʩʫʥʦʢ 43 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ,  

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ  

(ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ) 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ: 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʦʙʝʟʨʘʟʤʝʨʝʥʥʳʝ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʧʝʨʝʜ 

ʧʨʦʪʠʚʦʣʘʚʠʥʥʳʤ ʙʘʨʴʝʨʦʤ ʚ ʪʨʸʭ ʧʨʦʜʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʩʤ. ʨʠʩ. 44). 

ɸʚʪʦʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʤʝʯʘʶʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʙʘʨʴʝʨʘ ʚ ʨʘʙʦʯʝʡ ʩʝʢʮʠʠ ɸɼʊ, ʨʝʟʫʣʴʪʘʪʳ ʚ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ ʩʝʯʝʥʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɺʚʠʜʫ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʘʚʦʤ 

ʩʝʯʝʥʠʠ ʪʘʢʞʝ ʩʣʘʙʦ ʩʦʚʧʘʜʘʶʪ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʬʠʟʠʯʝʩʢʠʤ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʢʘʢ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʘʢ ʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʘʸʪ ʦʞʠʜʘʝʤʦ ʟʘʚʳʰʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ çʚ 

ʟʘʧʘʩè. 

 
ʈʠʩʫʥʦʢ 44 ï ʇʨʦʜʦʣʴʥʳʝ ʩʝʯʝʥʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ,  

ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʣʘʩʴ ʚʳʩʦʪʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ (ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤ,  

ʰʪʨʠʭʦʚʢʦʡ ʦʙʦʟʥʘʯʝʥ ʙʘʨʴʝʨ)  
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  40 

 

 
ʘ) ʧʨʘʚʦʝ ʩʝʯʝʥʠʝ 

 

 
ʙ) ʮʝʥʪʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ 

 

 
ʚ) ʣʝʚʦʝ ʩʝʯʝʥʠʝ 

 

ʈʠʩʫʥʦʢ 45 ï ɻʨʘʬʠʢʠ ʦʙʝʟʨʘʟʤʝʨʝʥʥʦʡ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ  

ʚ ʪʨʸʭ ʧʨʦʜʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʜ ʙʘʨʴʝʨʦʤ 

(H = 0.2 ʤ ï ʚʳʩʦʪʘ ʙʘʨʴʝʨʘ) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  41 

  

ɿʘʜʘʯʘ ˉ9. ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʥʘ ʜʚʫʩʢʘʪʥʦʤ ʧʦʢʨʳʪʠʠ 

ʀʩʪʦʯʥʠʢ Sanpaolesi, L. Scientific support activity in the field of structural  

stability of civil engineering works: Snow loads. Final Report Phase II. 

Brussels: Commission of the European Communities. DGIII-D3. 1998. 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʦʙʦʙʱʸʥʥʘʷ k-ɤ ʤʦʜʝʣʴ (Csep = 0.7),  

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʝ (ʤʦʜʝʣʴ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ) Dynamic Mesh 

ɺʭʦʜʥʦʡ ʬʘʡʣ Sanpaolesi-1-3D-St.cas.h5, Sanpaolesi-1-3D-Tr .cas.h5 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʫʝʪʩʷ ʦʙʪʝʢʘʥʠʝ ʩʥʝʛʦʚʝʪʨʦʚʳʤ ʧʦʪʦʢʦʤ ʤʘʢʝʪʘ ʟʜʘʥʠʷ ʩ ʜʚʫʩʢʘʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ (ʨʠʩ. 8). ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʥʘ 

ʧʦʢʨʳʪʠʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʸʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʘʷ ʛʝʦʤʝʪʨʠʷ ʨʘʙʦʯʝʛʦ ʩʝʯʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ñJules Verneò ʮʝʥʪʨʘ CSTB, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪ. ʉʦʧʦʩʪʘʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʩʥʝʛʦʦʪʣʦʞʝʥʠʡ ʥʘ 

ʧʦʢʨʳʪʠʠ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʢʨʦʚʣʝ ʢ ʚʳʩʦʪʝ ʧʦʢʨʦʚʘ ʥʘ 

çʟʝʤʣʝè. 

 
ʈʠʩʫʥʦʢ 46 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤ) 

 
ʈʠʩʫʥʦʢ 47 ï ʉʝʯʝʥʠʝ ʯʘʩʪʠʯʥʦ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ (ʛʝʢʩʢʦʨ) ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ 

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ ʚʙʣʠʟʠ ʤʘʢʝʪʘ (ʚʩʝʛʦ 645 ʪʳʩ. ʂʆ) 

  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  42 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʳʭ ʩʝʪʦʢ (ʨʠʩ. 47) 

ʈʘʟʤʝʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʈʘʟʤʝʨʳ ʦʙʲʸʤʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ çʟʝʤʣʝè ʠ ʧʦʢʨʳʪʠʠ 

0.01 ï 0.02 ʤ 

0.04 ï 0.32 ʤ 

ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ï 20 ʩʣʦʸʚ 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ï ʦʪʩʫʪʩʪʚʫʝʪ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 46) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ɺʦʟʜʫʭ:  

ʇʣʦʪʥʦʩʪʴ: 1.225 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 1.7894Ā10-5 ʢʛ/(ʤĀʩ) 

ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʩʝʢʮʠʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ: 

25 ʭ 10 ʭ 7 ʤ 

ʐʠʨʠʥʘ ʤʘʢʝʪʘ: 1 ʤ 

ɼʣʠʥʘ ʤʘʢʝʪʘ: 1 ʤ 

ɺʳʩʦʪʘ ʤʘʢʝʪʘ: 0.9 ʤ 

ʋʛʦʣ ʢʨʦʚʣʠ: 40Á 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʭʦʜʝ: 

ʟʘʜʘʸʪʩʷ ʧʨʦʬʠʣʝʤ 

u(z) = u  ʢ-1 ln[(z + z0) / z0] 

ʛʜʝ: 

u  = 0.225 ʤ/ʩ, 

z0 = 0.0002 ʤ, 

ʢ = 0.41 

ʉʪʝʥʢʠ ʤʘʢʝʪʘ ʠ çʟʝʤʣʠè 

ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, 

ʦʩʪʘʣʴʥʳʝ ʩʪʝʥʳ ï  

ʩ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ 

 

ʈʘʩʯʸʪ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 200 

ʠʪʝʨʘʮʠʡ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ï 1 ʯʘʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 1 ʩ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʙʦʙʱʸʥʥʘʷ k-ɤ ʤʦʜʝʣʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʪʩʦʝʜʠʥʝʥʠʷ ʧʦʪʦʢʘ Csep = 0.7.  

ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʩʝʚʜʦ-

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʝʪʦʜʘ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-

ʜʘʚʣʝʥʠʝ ï Coupled. 

ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ 

ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE. ɼʣʷ ʫʯʸʪʘ ʨʦʩʪʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʣʦʩʴ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʚʙʣʠʟʠ ʙʘʨʴʝʨʘ (ʤʝʪʦʜ 

ʩʛʣʘʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʠ ʤʝʪʦʜ Unified Remeshing) (ʧʦʜʨʦʙʥʝʝ ʩʤ. [1]). 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  43 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ:  

 

 
ʈʠʩʫʥʦʢ 48 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʤ 

(ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ) 

 

 
ʈʠʩʫʥʦʢ 49 ï ɺʳʩʦʪʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʧʦʢʨʳʪʠʠ ʤʘʢʝʪʘ, ʤ  
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  44 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ:  

 

 
ʈʠʩʫʥʦʢ 50 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʤ 

(ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ) 

 

 
ʈʠʩʫʥʦʢ 51 ï ɺʳʩʦʪʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʧʦʢʨʳʪʠʠ ʤʘʢʝʪʘ, ʤ  
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  45 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ: 

 

 
ʈʠʩʫʥʦʢ 52 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʡ 

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʜʚʫʩʢʘʪʥʦʤ ʧʦʢʨʳʪʠʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʠ 

 

 
ʈʠʩʫʥʦʢ 53 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʡ 

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʜʚʫʩʢʘʪʥʦʤ ʧʦʢʨʳʪʠʠ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʠ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  46 

 

ʊʘʙʣʠʮʘ 7: ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʥʦʨʤʘʪʠʚʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ  

(ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ) 

  ʅʘʚʝʪʨʝʥʥʘʷ 

ʩʪʦʨʦʥʘ 

ʇʦʜʚʝʪʨʝʥʥʘʷ 

ʩʪʦʨʦʥʘ 

ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ 

ʀʩʪʦʯʥʠʢ 

(ʬʠʟʠʯʝʩʢʦʝ  

ʤʦʜʝʣʠʨʦʚʘʥʠʝ) 

0.88 1.13 

Ansys Fluent 

(ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ) 

0.74 1.29 

ʅʦʨʤʘʪʠʚʥʦʝ 

ʟʥʘʯʝʥʠʝ 
0.75 1.25 

ʈʘʩʭʦʞʜʝʥʠʝ  

(ʬʠʟ.ʤʦʜ. / ʤʘʪ.ʤʦʜ., %) 
18.9 14.2 

ʈʘʩʭʦʞʜʝʥʠʝ  

(ʥʦʨʤʳ / ʤʘʪ.ʤʦʜ., %) 
1.3 3.1 

 

ʈʘʩʭʦʞʜʝʥʠʝ ʧʦ ʘʙʩʦʣʶʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ (ʬʠʟ.ʤʦʜ. / ʤʘʪ.ʤʦʜ., %) 

ʄʠʥʠʤʘʣʴ-

ʥʦʝ 
ʉʨʝʜʥʝʝ 

ʄʘʢʩʠʤʘʣʴ-

ʥʦʝ 

0.03 1.03 2.83 

 

ʊʘʙʣʠʮʘ 8: ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʥʦʨʤʘʪʠʚʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ  

(ʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ) 

  ʅʘʚʝʪʨʝʥʥʘʷ 

ʩʪʦʨʦʥʘ 

ʇʦʜʚʝʪʨʝʥʥʘʷ 

ʩʪʦʨʦʥʘ 

ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ 

ʀʩʪʦʯʥʠʢ 

(ʬʠʟʠʯʝʩʢʦʝ  

ʤʦʜʝʣʠʨʦʚʘʥʠʝ) 

0.88 1.13 

Ansys Fluent 

(ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ) 

0.73 1.27 

ʅʦʨʤʘʪʠʚʥʦʝ 

ʟʥʘʯʝʥʠʝ 
0.75 1.25 

ʈʘʩʭʦʞʜʝʥʠʝ  

(ʬʠʟ.ʤʦʜ. / ʤʘʪ.ʤʦʜ., %) 
17 12.4 

ʈʘʩʭʦʞʜʝʥʠʝ  

(ʥʦʨʤʳ / ʤʘʪ.ʤʦʜ., %) 
2.7 1.6 

 

ʈʘʩʭʦʞʜʝʥʠʝ ʧʦ ʘʙʩʦʣʶʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ (ʬʠʟ.ʤʦʜ. / ʤʘʪ.ʤʦʜ., %) 

ʄʠʥʠʤʘʣʴ-

ʥʦʝ 
ʉʨʝʜʥʝʝ 

ʄʘʢʩʠʤʘʣʴ-

ʥʦʝ 

0.44 5.24 9.45 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  47 

 

 

 

ʈʠʩʫʥʦʢ 54 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ 

(ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  48 

ɿʘʜʘʯʘ ˉ10. ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʥʘ ʰʝʜʦʚʦʤ ʧʦʢʨʳʪʠʠ 

ʀʩʪʦʯʥʠʢ Sanpaolesi, L. Scientific support activity in the field of structural  

stability of civil engineering works: Snow loads. Final Report Phase II. 

Brussels: Commission of the European Communities. DGIII-D3. 1998. 

ʌʠʟʠʢʘ/ʄʦʜʝʣʠ ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ, ʦʙʦʙʱʸʥʥʘʷ k-ɤ ʤʦʜʝʣʴ (Csep = 0.7),  

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʝ (ʤʦʜʝʣʴ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ) Dynamic Mesh 

ɺʭʦʜʥʦʡ ʬʘʡʣ Sanpaolesi-2-3D-St.cas.h5, Sanpaolesi-2-3D-Tr .cas.h5 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʩʩʣʝʜʫʝʪʩʷ ʦʙʪʝʢʘʥʠʝ ʩʥʝʛʦʚʝʪʨʦʚʳʤ ʧʦʪʦʢʦʤ ʤʘʢʝʪʘ ʟʜʘʥʠʷ ʩ ʰʝʜʦʚʳʤ 

ʧʦʢʨʳʪʠʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ (ʨʠʩ. 8). ʉʥʝʛʦʥʘʢʦʧʣʝʥʠʝ ʥʘ 

ʧʦʢʨʳʪʠʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʫʥʦʩʘ-ʦʪʣʦʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʸʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʘʷ ʛʝʦʤʝʪʨʠʷ ʨʘʙʦʯʝʛʦ ʩʝʯʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ ñJules Verneò ʮʝʥʪʨʘ CSTB, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪ. ʉ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʬʦʨʤʳ ʩʥʝʛʦʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʢʨʳʪʠʠ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 

ʢʨʦʚʣʝ ʢ ʚʳʩʦʪʝ ʧʦʢʨʦʚʘ ʥʘ çʟʝʤʣʝè. 

 
ʈʠʩʫʥʦʢ 55 ï ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ ʤ) 

 
ʈʠʩʫʥʦʢ 56 ï ʉʝʯʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ (ʧʦʣʠʛʝʢʩʢʦʨ) ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ 

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʩʯʸʪʘ ʚʙʣʠʟʠ ʤʘʢʝʪʘ (ʚʩʝʛʦ 2.7 ʤʣʥ ʂʆ) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  49 

 

 
ʈʠʩʫʥʦʢ 57 ï ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ (ʧʦʣʠʛʝʢʩʢʦʨ)  

ʢʦʥʝʯʥʦʦʙʲʸʤʥʦʡ ʩʝʪʢʠ ʥʘ ʧʦʢʨʳʪʠʠ ʤʘʢʝʪʘ 

 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ɻʝʦʤʝʪʨʠʷ (ʨʠʩ. 55) ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ɺʦʟʜʫʭ:  

ʇʣʦʪʥʦʩʪʴ: 1.225 ʢʛ/ʤ3 

ɺʷʟʢʦʩʪʴ: 1.7894Ā10-5 ʢʛ/(ʤĀʩ) 

ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʩʝʢʮʠʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʳ: 

25 ʭ 10 ʭ 7 ʤ 

ʐʠʨʠʥʘ ʤʘʢʝʪʘ: 1.5 ʤ 

ɼʣʠʥʘ ʤʘʢʝʪʘ: 2.01 ʤ 

ɺʳʩʦʪʘ ʤʘʢʝʪʘ: 0.79 ʤ 

ʋʛʣʳ ʢʨʦʚʣʠ: 60Á ʠ 30Á 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʭʦʜʝ: 

ʟʘʜʘʸʪʩʷ ʧʨʦʬʠʣʝʤ 

u(z) = u  ʢ-1 ln[(z + z0) / z0] 

ʛʜʝ: 

u  = 0.225 ʤ/ʩ, 

z0 = 0.0002 ʤ, 

ʢ = 0.41 

ʉʪʝʥʢʠ ʤʘʢʝʪʘ ʠ çʟʝʤʣʠè 

ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, 

ʦʩʪʘʣʴʥʳʝ ʩʪʝʥʳ ï  

ʩ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʦʙʲʸʤʥʳʭ ʩʝʪʦʢ (ʨʠʩ. 56 ʠ 57) 

ʈʘʟʤʝʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʈʘʟʤʝʨʳ ʦʙʲʸʤʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʇʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ ʥʘ çʟʝʤʣʝè ʠ ʧʦʢʨʳʪʠʠ 

0.01 ï 0.02 ʤ 

0.04 ï 0.32 ʤ 

ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ï 20 ʩʣʦʸʚ 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʩʯʸʪ ï ʦʪʩʫʪʩʪʚʫʝʪ 

 

ʈʘʩʯʸʪ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 200 

ʠʪʝʨʘʮʠʡ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ï 1 ʯʘʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 0.001 ʩ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʙʦʙʱʸʥʥʘʷ k-ɤ ʤʦʜʝʣʴ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʪʩʦʝʜʠʥʝʥʠʷ ʧʦʪʦʢʘ Csep = 0.7.  

ɺ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʩʝʚʜʦ-

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʝʪʦʜʘ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-

ʜʘʚʣʝʥʠʝ ï Coupled. 

ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ 

ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï SIMPLE. ɼʣʷ ʫʯʸʪʘ ʨʦʩʪʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʣʦʩʴ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʚʙʣʠʟʠ ʙʘʨʴʝʨʘ (ʤʝʪʦʜ 

ʩʛʣʘʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʠ ʤʝʪʦʜ Unified Remeshing) (ʧʦʜʨʦʙʥʝʝ ʩʤ. [1]).  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  50 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ: 

 

 
ʈʠʩʫʥʦʢ 58 ï ʈʘʩʧʨʝʜʝʣʝʥʠ ̫ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʤ 

(ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ) 

 
ʈʠʩʫʥʦʢ 59 ï ʀʟʦʧʦʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʥʘ ʧʦʢʨʳʪʠʠ ʤʘʢʝʪʘ 

  



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 3 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  51 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ: 

 

 
ʈʠʩʫʥʦʢ 60 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʚʳʩʦʪʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʤ 

(ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ) 

 
ʈʠʩʫʥʦʢ 61 ï ʀʟʦʧʦʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʥʘ ʧʦʢʨʳʪʠʠ ʤʘʢʝʪʘ 

  




















