
ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʄɽʅʀʄʆʉʊʀ ʂʆʄʄɽʈʏɽʉʂʀʍ CFD-ʂʆɼʆɺ ɼʃʗ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʆʎɽʉʉʆɺ ʊɽʇʃʆʄɸʉʉʆʇɽʈɽʅʆʉɸ ɺ 

ɾʀɼʂʆʄɽʊɸʃʃʀʏɽʉʂʆʄ ʊɽʇʃʆʅʆʉʀʊɽʃɽ 

ʅʠʟʘʤʫʪʜʠʥʦʚ ɺ.ʈ., ʆʩʠʧʦʚ ʉ.ʃ., ʇʨʦʢʦʧʮʦʚ ʀ.ʉ., ʈʦʛʦʞʢʠʥ ʉ.ɸ. 

ɸʆ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ɺ ʤʦʜʝʣʷʭ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ Computational Fluid Dynamics (CFD) 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ (ANSYS CFX, STAR-CCM+, FlowVision, Fluent ʠ ʜʨ.), ʜʣʷ ʫʯʸʪʘ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʦʛʠʷ ʈʝʡʥʦʣʴʜʩʘ ï ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ ʪʝʧʣʦʦʙʤʝʥʦʤ ʠ ʧʝʨʝʥʦʩʦʤ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʦʪʦʢʝ. ɺ ʞʠʜʢʠʭ ʤʝʪʘʣʣʘʭ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʘʣʦʡ ʚʷʟʢʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʧʝʨʝʥʦʩ ʚ ʩʨʝʜʘʭ ʩ Pr << 1 (ʥʘʧʨʠʤʝʨ, ʞʠʜʢʠʝ 

ʤʝʪʘʣʣʳ) ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʭʘʥʠʟʤʘ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʩʨʝʜʘʭ ʩ Pr ~ 1 (ʚʦʟʜʫʭ, ʚʦʜʘ ʠ 

ʜʨ.) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ ʘʥʘʣʦʛʠʝʡ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʥʘʪʨʠʝʚʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʥʘʪʨʠʷ ʚ 

ʢʨʫʛʣʦʡ ʪʨʫʙʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʤʝʨʯʝʩʢʠʭ CFD-ʢʦʜʦʚ: ANSYS CFX, STAR-CCM+, FlowVision ʠ ʠʭ 

ʩʨʘʚʥʝʥʠʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ.  

 

ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ 

ɺ ʟʘʜʘʯʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʟʚʠʪʦʝ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

(ʥʘʪʨʠʷ) ʚ ʢʨʫʛʣʦʡ ʪʨʫʙʝ. ʈʘʩʯʪyʥʘʷ ʩʭʝʤʘ (ʨʠʩ. 1) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʫʯʘʩʪʢʦʚ. ʇʝʨʚʳʡ ʫʯʘʩʪʦʢ ï 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ (ʜʣʠʥʘ l1 = 40d), ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʚ ʪʨʫʙʝ ʧʨʠ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʯʝʥʠʷ, ʥʘ ʚʪʦʨʦʤ ʫʯʘʩʪʢʝ (ʜʣʠʥʦʡ l2 = 10d) ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ tʩ = 150 
ʦ
ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʪʨʫʙʫ 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ tʚʭ = 550 
ʦ
ʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʨʫʙʳ tʚʳʭ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʨʠʪʝʨʠʷ ʇʝʢʣʝ (Pe) ʦʪ 300 ʜʦ 10000 

(ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ ʥʘ ʚʭʦʜʝ ʚ ʪʨʫʙʫ G), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣʳ 

ʜʣʷ ʨʘʩʯʪyʘ ʢʨʠʪʝʨʠʷ ʅʫʩʩʝʣʴʪʘ Nu = 5 + 0,025ÖPe
0,8 

[1], ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ.  

 
ʈʠʩ. 1 ï ʈʘʩʯʪyʥʘʷ ʩʭʝʤʘ ʟʘʜʘʯʠ: ʪʝʯʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʝ ʩ ʦʭʣʘʞʜʝʥʠʝʤ 

 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʩʨʝʜʥʝʡ ʚʳʭʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʦʣʫʯʝʥʳ ʧʦ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʝ.  

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʨʫʙʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2]: 
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T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʨʫʙʫ, ÜC; 

W
T  ï ʥʘʨʫʞʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʪʨʫʙʳ, ÜC; 

ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ɺʪ/(ʤ
2
ȚÜC); 

F ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʤ
2
; 

W ï ʪʝʧʣʦʸʤʢʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ, ɺʪ/ÜC. 

ʊʝʧʣʦʝʤʢʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʉʨGW Ö= ,     (2) 

ʛʜʝ G  ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʩʨʝʜʳ, ʢʛ/ʩ; 

ʉʨ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʨʝʜʳ, ɼʞ/(ʢʛȚÜC).  

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

lF Ö=p
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