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Abstract: The article presents a numerical experiment to determine the hydrodynamic characteristics of a 

thriply-periodic minimal surface (TPMS) of Schoen type I-WP. In the geometry of the thriply-periodic minimal 

surface I-WP, two characteristic parameters are distinguished: the length of the cube edge in which the I-WP cell is 

inscribed and the thickness of the cell wall. By changing these parameters, it is possible to control such properties of 

the TPMS structure as porosity, transparency, thermal conductivity, etc. The Ansys software package is used to 

numerically study the flow of fluid through a channel with an insert made of TPMS. Dependences of porosity on 

characteristic geometric dimensions are constructed. Contours and fields of velocity distribution in the channel are 

obtained. Also in the study, pressure drops inside the elementary cell were noted. 
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ɻʀɼʈʆɼʀʅɸʄʀʂɸ ʊʈʀɾɼʓ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʄʀʅʀʄɸʃʔʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʐɽʅɸ 

ʊʀʇɸ I-WP 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʞʜʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʊʇʄʇ) ʐʸʥʘ ʪʠʧʘ I-WP. ɺ ʛʝʦʤʝʪʨʠʠ 

ʪʨʠʞʜʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ I-WP ʚʳʜʝʣʝʥʦ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʜʣʠʥʘ ʨʝʙʨʘ 

ʢʫʙʘ, ʚ ʢʦʪʦʨʦʡ ʚʧʠʩʘʥʘ ʷʯʝʡʢʘ I-WP ʠ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʷʯʝʡʢʠ. ʀʟʤʝʥʷʷ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ ʊʇʄʇ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʩʚʝʪʥʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪ.ʜ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Ansys ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʥʘʣ 
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ʩʦ ʚʩʪʘʚʢʦʡ ʠʟ ʊʇʄʇ. ʇʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʠʩʪʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. 

ʇʦʣʫʯʝʥʳ ʢʦʥʪʫʨʳ ʠ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʝ. ʊʘʢ ʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʤʝʯʝʥʳ ʧʝʨʝʧʘʜʳ 

ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʪʦʢ, ʧʦʨʠʩʪʦʩʪʴ, Schoenôs I-WP(R), ʊʇʄʇ, ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ. 

  

ɺʚʝʜʝʥʠʝ 

ʋɼʂ 532.5 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʛʨʝʶʱʝʡ ʠʣʠ ʦʙʦʛʨʝʚʘʝʤʦʡ ʩʨʝʜʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʞʠʜʢʦʩʪʠ. ʉʨʝʜʠ ʪʘʢʠʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

ʢʦʞʫʭʦʪʨʫʙʥʳʝ, ʩʝʢʮʠʦʥʥʳʝ, ʪʨʫʙʘ ʚ ʪʨʫʙʝ, 

ʧʣʘʩʪʠʥʯʘʪʳʝ, ʨʝʙʨʠʩʪʳʝ, ʤʠʢʨʦʢʘʥʘʣʴʥʳʝ ʠ ʪ.ʜ. 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʷʶʪ ʦʨʝʙʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʘ ʩ 

ʛʨʝʶʱʝʡ ʠʣʠ ʦʙʦʛʨʝʚʘʝʤʦʡ ʩʨʝʜʦʡ. ʊʘʢʠʝ ʨʝʙʨʘ 

ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ (ʧʣʘʩʪʠʥʘ, ʮʠʣʠʥʜʨ 

ʠ ʜʨ.) ʠ ʨʘʟʤʝʨ [1-3]. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʙʨʘ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʪʨʠʞʜʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʊʇʄʇ). ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʡ ʠʟʫʯʝʥʠʶ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʊʇʄʇ, ʪʘʢʠʝ ʢʘʢ: ʧʦʚʝʨʭʥʦʩʪʠ ʐʚʘʨʮʘ, 

ʅʝʦʚʠʫʩʘ, ʐʸʥʘ ʠ ʜʨʫʛʠʝ [4-6]. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ 

[4] ʩʨʘʚʥʠʚʘʶʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʦʧʦʣʦʛʠʝʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʊʇʄʇ ʐʚʘʨʮʘ ʪʠʧʘ ʈ 

ʠ ɻʠʨʦʠʜʝ. ɸ ʚ ʨʘʙʦʪʝ [5] ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʢʦʤʧʘʢʪʥʦʛʦ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʨʠʞʜʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ VDF. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʠ ʩʣʦʞʥʫʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʨʘʙʦʪʘ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʦʩʥʦʚʘʥʘ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʘ ʠ ʤʘʩʩʳ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʚʢʣʶʯʘʶʱʘʷ ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʠ ʥʝʨʘʟʨʳʚʥʦʩʪʠ. ʇʨʠ ʨʝʰʝʥʠʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʦʙʘʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʯʠʩʣʝʥʥʳʝ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [7-10]. ʉʨʝʜʠ ʯʠʩʣʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʦʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʪʦʜʳ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʲʝʤʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ (ANSYS, OpenFOAM, 

Comsol) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, 

ʤʝʭʘʥʠʢʠ, ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʜʨ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʠʞʜʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʨʠʞʜʳ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʐʸʥʘ 

ʪʠʧʘ I-WP ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ANSYS. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʊʇʄʇ ʐʸʥʘ ʪʠʧʘ I-WP. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʊʇʄʇ ʩʨʝʜʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ I-WP ʩʪʨʫʢʪʫʨʝ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ʊʇʄʇ ʐʸʥʘ ʪʠʧʘ I-WP. 
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ʀʩʩʣʝʜʫʝʤʘʷ ʷʯʝʡʢʘ ʧʦʚʝʨʭʥʦʩʪʠ I-WP 

ʦʙʣʘʜʘʝʪ ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʷʯʝʡʢʘ ʠʜʝʘʣʴʥʦ ʚʧʠʩʳʚʘʝʪʩʷ 

ʚ ʢʫʙ ʩ ʨʝʙʨʦʤ  . ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1 

ʛʝʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʬʘʩʝʪʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʘʪʴ ʪʦʣʱʠʥʫ  . ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ 

ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ çThickenè ʚ 

ʨʝʜʘʢʪʦʨʝ SpaceClaim. ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʚ 

ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʦʙʲʝʢʪ. 

ʇʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʝʦʤʝʪʨʠʷ 

ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʤʝʨʘʤʠ: ʜʣʠʥʘ ʨʝʙʨʘ ʢʫʙʘ a, ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ 

ʷʯʝʡʢʠ d. ʈʝʛʫʣʠʨʫʷ ʜʘʥʥʳʝ ʨʘʟʤʝʨʳ ʤʦʞʥʦ 

ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʊʇʄʇ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ 

ʢʘʢ: ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʩʚʝʪʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪ.ʜ. ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʪʘʢʦʝ ʩʚʦʡʩʪʚʦ ʩʨʝʜʳ ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ f: 
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ʛʜʝ ʢV  ï ʦʙʲʝʤ ʢʫʙʘ, ʚ ʢʦʪʦʨʳʡ ʚʧʠʩʘʥʘ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ; ʊʇʄʇV  ï ʦʙʲʝʤ ʊʇʄʇ 

ʷʯʝʡʢʠ. 

ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʨʠʩʪʦʩʪʠ 

ʊʇʄʇ ʩʨʝʜʳ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʷʯʝʡʢʠ (ʨʠʩ. 3). 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦʨʠʩʪʦʩʪʴ 

ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʷʯʝʡʢʠ ʧʨʠ 

ʣʶʙʦʡ ʜʣʠʥʝ ʨʝʙʨʘ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʰʘʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: 

ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʦʧʨʦʩ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʞʠʜʢʦʩʪʠ ʚ ʪʝʧʣʦʦʙʤʝʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʠʞʜʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 2. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʧʦʚʝʨʭʥʦʩʪʠ I-WP 

 

 

ɿʘʜʘʯʘ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʦʜʫʣʝ Fluent ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ANSYS. ɼʣʷ 

ʚʩʝʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʪʦʣʴʢʦ ʩ ʪʝʯʝʥʠʝʤ 

ʞʠʜʢʦʩʪʝʡ (ʙʝʟ ʫʯʸʪʘ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʪ.ʜ.) ʚ ʤʦʜʫʣʝ 

Fluent ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ ʠʤʧʫʣʴʩʘ. ʋʨʘʚʥʝʥʠʝ 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠʣʠ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 mS
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=Ð+
µ
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r
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ʛʜʝ r ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; t  ïʚʨʝʤʷ; u ï 

ʩʢʦʨʦʩʪʴ. 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI  (Dubai, UAE) = 1.582 

GIF  (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

ʈʀʅʎ (Russia) = 3.939  

ESJI (KZ)          = 8.771 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 
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ʈʠʩʫʥʦʢ 3. ʇʦʨʠʩʪʦʩʪʴ I-WP ʩʨʝʜʳ 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ p  ï ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ; t ï ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ; gr  ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʦʙʲʝʤʥʘʷ ʩʠʣʘ; 

F  ï ʚʥʝʰʥʷʷ ʦʙʲʝʤʥʘʷ ʩʠʣʘ. 

ʋʨʘʚʥʝʥʠʷ (2) ʠ (3) ʨʝʰʘʶʪʩʷ ʚ ANSYS 

Fluent ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʀʩʭʦʜʥʘʷ 

ʛʝʦʤʝʪʨʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʠ ʩʝʪʢʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4. ʉʢʦʨʦʩʪʴ ʥʘ 

ʚʭʦʜʝ ʚ ʢʘʥʘʣ 1.0=ʚu  ʤ/ʩ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʚʧʠʩʘʥʘ ʚ ʢʫʙ ʩ ʨʝʙʨʦʤ 20 ʤʤ ʠ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 

ʩʪʝʥʢʠ 1 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʩʪʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʳ, ʘ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʠʟʛʦʪʦʚʣʝʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ï ʘʣʶʤʠʥʠʡ. 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

 
ʘ)                                                               ʙ) 

ʈʠʩʫʥʦʢ 4. ʀʩʭʦʜʥʘʷ ʛʝʦʤʝʪʨʠʷ: 

ʘ) ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ; ʙ) ʩʝʪʢʘ ʚ ʨʘʟʨʝʟʝ 
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ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʪʝʨʠʘʣ ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 ɺʷʟʢʦʩʪʴ, ʢʛ/(ʤĀʩ) 

ɸʣʶʤʠʥʠʡ 2719 ï 

ɺʦʜʘ 998.2 0.001003 

ʈʝʟʫʣʴʪʘʪʳ 

ʀʟ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ I-WP ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʪʫʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 5). 

ɻʝʦʤʝʪʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʢʘʢ ʨʘʩʰʠʨʷʶʱʠʝʩʷ ʪʘʢ ʩʫʞʘʶʱʠʝʩʷ 

ʫʯʘʩʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 6, ʛʜʝ ʦʪʨʘʞʝʥʳ 

ʣʠʥʠʠ ʧʦʪʦʢʘ ʠ ʫʯʘʩʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ ʦʪʤʝʯʝʥʳ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ, ʛʜʝ 

ʩʢʦʨʦʩʪʴ ʙʣʠʟʢʘ ʢ ʥʫʣʶ (ʪʘʢʠʝ ʦʙʣʘʩʪʠ ʚʳʜʝʣʝʥʳ 

ʢʨʘʩʥʳʤʠ ʢʨʫʛʘʤʠ ʥʘ ʨʠʩ. 6). 

ɺʜʦʣʴ ʥʝʢʦʪʦʨʳʭ ʣʠʥʠʡ ʧʦʪʦʢʘ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 7). ʅʘ 

ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʧʦ ʜʣʠʥʝ 

ʢʘʥʘʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʧʦʪʦʢʘ. 

 

 

 

 

 
ʈʠʩʫʥʦʢ 5. ʂʦʥʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚ ʩʝʨʝʜʠʥʝ ʢʘʥʘʣʘ ʧʨʠ 1.0=ʚu  

 

 

 


