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ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʟ 

ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʄʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʽ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ 

ʩʧʦʨʫʜè ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʟʘ ʦʩʚʽʪʥʴʦ-

ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ çɻʽʜʨʦʪʝʭʥʽʯʥʝ ʙʫʜʽʚʥʠʮʪʚʦè, ʩʧʝʮʽʘʣʴʥʦʩʪʽ 194 

çɻʽʜʨʦʪʝʭʥʽʯʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʚʦʜʥʘ ʽʥʞʝʥʝʨʽʷ ʪʘ  ʚʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾè [ɽʣʝʢʪʨʦʥʥʝ 

ʚʠʜʘʥʥʷ] / ʂʦʨʥʽʡʯʫʢ ɺ. ɯ. ï ʈʽʚʥʝ : ʅʋɺɻʇ, 2023. ï 44 ʩ. 
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ɺʩʪʫʧ 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ. ɹʘʛʘʪʦ ʥʘʪʫʨʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʥʘʩʪʽʣʴʢʠ 

ʩʢʣʘʜʥʽ, ʱʦ ʾʭ ʥʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʦʯʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʽ ʪʦʜʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʟʠʯʥʽ, ʤʘʪʝʤʘʪʠʯʥʽ ʪʘ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ. ʅʘʚʽʪʴ ʫ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʦʜʦʩʢʠʜʽʚ ʪʘ ʛʨʝʙʝʣʴ, ʟʘʟʚʠʯʘʡ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʜʝʪʘʣʴʥʫ ʢʘʨʪʠʥʫ ʪʝʯʽʡ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦʻʜʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʤʦʜʝʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʪʦʯʥʽ ʪʘ ʥʘʜʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ. 

ʅʘʚʯʘʣʴʥʘ ʜʠʩʮʠʧʣʽʥʘ çʄʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʽ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ 

ʩʧʦʨʫʜè ʻ ʦʜʥʽʻʶ ʟ ʧʨʦʬʽʣʶʶʯʠʭ ʜʠʩʮʠʧʣʽʥ, ʱʦ ʚʠʚʯʘʶʪʴ ʩʪʫʜʝʥʪʠ 

ʛʽʜʨʦʪʝʭʥʽʢʠ. ɿʘʚʜʷʢʠ ʾʡ ʤʘʡʙʫʪʥʽ ʬʘʭʽʚʮʽ ʟʜʦʙʫʚʘʶʪʴ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ ʧʨʦ 

ʧʨʠʥʮʠʧʠ ʬʽʟʠʯʥʦʛʦ ʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʄʦʜʝʣʶʚʘʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʽ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜè ʻ ʬʦʨʤʫʚʘʥʥʷ ʫ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʡ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ. 

ɿʘ ʥʘʚʯʘʣʴʥʠʤʠ ʧʣʘʥʘʤʠ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʾ ʧʨʦʛʨʘʤʠ çɻʽʜʨʦʪʝʭʥʽʯʥʝ 

ʙʫʜʽʚʥʠʮʪʚʦè ʜʠʩʮʠʧʣʽʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʝʢʮʽʡʥʠʤ ʢʫʨʩʦʤ, ʣʘʙʦʨʘʪʦʨʥʠʤʠ 

ʟʘʥʷʪʪʷʤʠ ʪʘ ʩʘʤʦʩʪʽʡʥʦʶ ʨʦʙʦʪʦʶ. ʂʽʣʴʢʽʩʪʴ ʢʨʝʜʠʪʽʚ ECTS ï 3,0, ʟʘʛʘʣʴʥʠʡ 

ʦʙʩʷʛ ʛʦʜʠʥ ʜʠʩʮʠʧʣʽʥʠ ʩʢʣʘʜʘʻ 90 ʛʦʜ. 

1. ʉʪʨʫʢʪʫʨʘ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ 

1.1 ʇʝʨʝʣʽʢ ʽ ʢʦʨʦʪʢʠʡ ʟʤʽʩʪ ʟʤʽʩʪʦʚʠʭ ʤʦʜʫʣʽʚ ʪʘ ʪʝʤ ʣʝʢʮʽʡ 

ɿʄɯʉʊʆɺʀʁ ʄʆɼʋʃʔ 1 

ʊʝʦʨʽʷ ʧʦʜʽʙʥʦʩʪʽ. ʌʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʪʘ ʩʧʦʨʫʜ 

ʊɽʄɸ 1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʪʘ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ. 

(ʣʝʢʮʽʾ ï 2/0 ʛʦʜ.; ʣʘʙʦʨʘʪʦʨʥʽ ʟʘʥʷʪʪʷ ï 2/0 ʛʦʜ.; ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ï 10/15 ʛʦʜ.) 

1.1. ɺʠʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʷʚʠʱ. 

1.2. ɻʽʜʨʦʤʝʭʘʥʽʯʥʘ ʧʦʜʽʙʥʽʩʪʴ. 

1.3. ɻʝʦʤʝʪʨʠʯʥʘ, ʢʽʥʝʤʘʪʠʯʥʘ, ʜʠʥʘʤʽʯʥʘ ʧʦʜʽʙʥʦʩʪʽ. 

1.4. ʇʨʠʥʮʠʧʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʨʦʟʤʽʨʥʦʩʪʝʡ, ˊ-ʪʝʦʨʝʤʘ. 
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ʊɽʄɸ 2. ʊʝʦʨʽʷ ʧʦʜʽʙʥʦʩʪʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ. 

(ʣʝʢʮʽʾ ï 2/1 ʛʦʜ.; ʣʘʙʦʨʘʪʦʨʥʽ ʟʘʥʷʪʪʷ ï 4/1 ʛʦʜ.; ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ï 10/15 ʛʦʜ.) 

2.1. ʂʨʠʪʝʨʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ. ʂʨʠʪʝʨʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ. 

2.2. ʄʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʧʨʠ ʾʭ ʥʝʧʦʚʥʽʡ ʛʽʜʨʦʤʝʭʘʥʽʯʥʽʡ 

ʧʦʜʽʙʥʦʩʪʽ. ʂʨʠʪʝʨʽʾ ʥʝʧʦʚʥʦʾ ʧʦʜʽʙʥʦʩʪʽ. 

2.3. ʇʨʘʚʠʣʘ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʥʘ 

ʤʦʜʝʣʽ ʧʨʠ ʥʝʧʦʚʥʽʡ ʛʽʜʨʦʤʝʭʘʥʽʯʥʽʡ ʧʦʜʽʙʥʦʩʪʽ. 

ʊɽʄɸ 3. ʆʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʽʨʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, 

ʚʽʜʢʨʠʪʠʭ ʨʫʩʝʣ ʽ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ. 

(ʣʝʢʮʽʾ ï 2/0 ʛʦʜ.; ʣʘʙʦʨʘʪʦʨʥʽ ʟʘʥʷʪʪʷ ï 2/2 ʛʦʜ.; ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ï 10/15 ʛʦʜ.) 

3.1. ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʧʽʨʥʠʭ ʚʦʜʦʚʦʜʽʚ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʨʫʩʽ. 

3.2. ʇʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʥʝʨʦʟʤʠʚʥʠʭ ʤʦʜʝʣʷʭ. 

ɸʚʪʦʤʦʜʝʣʴʥʘ ʦʙʣʘʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ. 

3.3. ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʩʧʦʪʚʦʨʝʥʥʽ ʤʘʩʰʪʘʙʽʚ. 

3.4. ɿʘʜʘʯʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ ʫ ʜʝʬʦʨʤʦʚʘʥʠʭ ʨʫʩʣʘʭ. 

3.5. ʋʤʦʚʠ ʨʦʟʤʠʚʫ ʨʫʩʣʘ. 

ɿʄɯʉʊʆɺʀʁ ʄʆɼʋʃʔ 2 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ. ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʘ 

ʊɽʄɸ 4. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʫʩʪʘʣʝʥʠʭ 

ʧʦʪʦʢʽʚ. 

(ʣʝʢʮʽʾ ï 2/0 ʛʦʜ.; ʣʘʙʦʨʘʪʦʨʥʽ ʟʘʥʷʪʪʷ ï 4/2 ʛʦʜ.; ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ï 10/15 ʛʦʜ.) 

4.1. ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʥʝʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ʫ ʚʽʜʢʨʠʪʦʤʫ ʨʫʩʣʽ. ʈʽʚʥʷʥʥʷ 

ʉʝʥ-ɺʝʥʘʥʘ. 

4.2. ɯʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʨʫʩʣʽ. 

4.3. ɺʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʥʝʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ʫ ʚʽʜʢʨʠʪʦʤʫ ʨʫʩʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

 

ʊɽʄɸ 5. ʄʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ ʪʘ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ 

ʤʝʪʦʜʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʘ (CFD). 

(ʣʝʢʮʽʾ ï 4/1 ʛʦʜ.; ʣʘʙʦʨʘʪʦʨʥʽ ʟʘʥʷʪʪʷ ï 6/2 ʛʦʜ.; ʩʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ï 20/20 ʛʦʜ.) 

5.1. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

5.2. ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʛʽʜʨʘʚʣʽʯʥʠʭ ʷʚʠʱ. 

5.2.1. ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ. 

5.2.2. ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

5.2.3. ʄʝʪʦʜ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. 

5.3. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʽʜʭʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʧʦʪʦʢʽʚ. 

5.3.1. RANS ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 
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5.3.2. ʄʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʚʠʭʦʨʽʚ (DES) ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʾ. 

5.3.3. ɯʥʰʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

5.4. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

1.2 ʊʝʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ 

¶ ʇʽʜʛʦʪʦʚʢʘ ʤʦʜʝʣʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ. ʈʦʟʨʘʭʫʥʦʢ ʤʦʜʝʣʽ ʚ Autodesk CFD 

(4 ʛʦʜ). 

¶ ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʽ ʟʘʩʦʙʘʤʠ Autodesk CFD (4 ʛʦʜ). 

¶ ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ (4 ʛʦʜ). 

¶ ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʽʣʴʢʦʭ ʤʦʜʝʣʝʡ (2 ʛʦʜ). 

¶ ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ (4 ʛʦʜ). 

 

1.3 ʉʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ 

ʈʦʟʧʦʜʽʣ 60 ʛʦʜʠʥ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ: 

¶ 24 ʛʦʜʠʥ ï ʚʠʚʯʝʥʥʷ ʣʽʪʝʨʘʪʫʨʠ ʧʦ ʢʫʨʩʫ ʽ ʨʦʟʨʦʙʢʘ ʣʝʢʮʽʡʥʠʭ 

ʢʦʥʩʧʝʢʪʽʚ; 

¶ 14 ʛʦʜʠʥʠ ï ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʭʦʜʽʚ; 

¶ 22 ʛʦʜʠʥ ï ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. 

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ï 60 ʛʦʜʠʥ 

1. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʨʫʜʘ 

(ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʥʘʧʽʨʥʠʭ ʧʦʪʦʢʽʚ). (8 ʛʦʜ). 

2. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʈʝʡʥʦʣʴʜʩʘ 

(ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʽʨʥʠʭ ʧʦʪʦʢʽʚ). (8 ʛʦʜ). 

3. ɺʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ 

ʩʧʦʨʫʜ ʧʨʠ ʾʭ ʤʦʜʝʣʶʚʘʥʥʽ (8 ʛʦʜ) 

4. ʈʦʟʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʠʭ ʨʫʩʣʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

HEC-RAS (8 ʛʦʜ). 

5. ʆʩʥʦʚʠ ʨʦʙʦʪʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ HEC-RAS. (10 ʛʦʜ). 

6. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ HEC-RAS. (8 ʛʦʜ). 

7. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʤʦʩʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ HEC-RAS. (8 ʛʦʜ). 
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1.4 ʄʝʪʦʜʠ ʢʦʥʪʨʦʣʶ 

ʄʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʟʥʘʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʽ ʢʦʥʪʨʦʣʶ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪʽʚ ʪʘ ʦʮʽʥʶʚʘʥʥʽ ʩʪʫʧʝʥʷ ʟʘʩʚʦʻʥʥʷ ʧʨʦʡʜʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʦʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʣʝʢʮʽʡʥʠʭ ʪʘ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʪʘʢʠʤ ʯʠʥʦʤ: 

¶ ʫʩʥʝ ʦʧʠʪʫʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʧʽʜ ʯʘʩ ʣʝʢʮʽʡ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ; 

¶ ʧʝʨʝʚʽʨʢʘ ʪʘ ʟʘʭʠʩʪ ʚʠʢʦʥʘʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ; 

¶ ʩʢʣʘʜʘʥʥʷ ʤʦʜʫʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ʉʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʣʽʚ ʟʘ ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ï 60 ʙʘʣʽʚ. ʉʪʫʧʽʥʴ ʟʘʩʚʦʻʥʥʷ 

ʩʪʫʜʝʥʪʘʤʠ ʚʠʚʯʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʮʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʪʝʩʪʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ʇʦʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ (ʟʤʽʩʪʦʚʽ 

ʤʦʜʫʣʽ 1, 2) ʪʘ ʧʽʜʩʫʤʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ (ʟʘʣʽʢ) ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʎʝʥʪʨʽ 

ʥʝʟʘʣʝʞʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʥʘʥʴ ʅʋɺɻʇ. ɿʥʘʥʥʷ ʟʘ ʧʝʨʰʠʤ ʟʤʽʩʪʦʚʠʤ ʤʦʜʫʣʝʤ 

ʦʮʽʥʶʶʪʴʩʷ ʫ 20 ʙʘʣʽʚ, ʟʘ ʜʨʫʛʠʤ ï ʫ 20 ʙʘʣʽʚ, ʘ ʧʽʜʩʫʤʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ 

(ʟʘʣʽʢ) ï 40 ʙʘʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʦʮʽʥʢʘ ʟʥʘʥʴ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ 

ñɽʢʩʧʣʫʘʪʘʮʽʷ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜò ʩʪʘʥʦʚʠʪʴ 100 ʙʘʣʽʚ. 

ʉʪʨʫʢʪʫʨʫ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʛʦ (ʟʤʽʩʪʦʚʽ ʤʦʜʫʣʽ 1, 2) ʪʘ ʧʽʜʩʫʤʢʦʚʦʛʦ (ʟʘʣʽʢ) 

ʢʦʥʪʨʦʣʽʚ ʟʥʘʥʴ ʟʘ ʪʨʴʦʤʘ ʨʽʚʥʷʤʠ (1 ï ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ, 2 ï ʚʠʱʝ 

ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, 3 ï ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ) ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ. 

 

ʊʘʙʣʠʮʷ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʝʪʽʚ 

ʪʝʩʪʦʚʠʭ ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ (ʤʦʜʫʣʽ 1 ʽ 2) 

ʈʽʚʝʥʴ 

ʩʢʣʘʜʥʦʩʪʽ 

ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ 

ʟʘʚʜʘʥʴ ʚ ʙʘʟʽ 

ʂʽʣʴʢʽʩʪʴ 

ʟʘʚʜʘʥʴ 

ʚ ʙʽʣʝʪʽ 

ʆʮʽʥʢʘ ʟʘʚʜʘʥʴ (ʙʘʣʠ) 

ʟʘ ʦʜʥʝ ʟʘʛʘʣʴʥʘ 

1 100 20 0,6 0-12 

2 30 4 1,0 0-4 

3 20 1 4,0 0-4 

ɺʩʴʦʛʦ 150 25  0-20 

 

ɿʘʧʠʪʘʥʥʷ 1-ʛʦ, 2-ʛʦ ʪʘ 3-ʛʦ ʨʽʚʥʽʚ ʜʦʧʫʩʢʘʶʪʴ ʣʠʰʝ ʦʜʥʫ ʧʨʘʚʠʣʴʥʫ 

ʚʽʜʧʦʚʽʜʴ. 

ʋ ʚʠʧʘʜʢʫ ʦʪʨʠʤʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʤʝʥʰʝ 60 ʙʘʣʽʚ ʟʘ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʚʜʘʥʴ ʘʙʦ ʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʟʤʽʩʪʦʚʦʛʦ ʤʦʜʫʣʷ, ʚʽʥ ʧʦʚʠʥʝʥ 

ʩʢʣʘʜʘʪʠ ʧʽʜʩʫʤʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ (ʟʘʣʽʢ) ʰʣʷʭʦʤ ʪʝʩʪʫʚʘʥʥʷ. 
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ʊʘʙʣʠʮʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʦʛʦ ʟʘʚʜʘʥʥʷ 

ʧʽʜʩʫʤʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ (ʟʘʣʽʢ) 

ʈʽʚʝʥʴ 

ʩʢʣʘʜʥʦʩʪʽ 

ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ 

ʟʘʚʜʘʥʴ ʚ 

ʙʘʟʽ 

ʂʽʣʴʢʽʩʪʴ 

ʟʘʚʜʘʥʴ 

ʚ ʙʽʣʝʪʽ 

ʆʮʽʥʢʘ ʟʘʚʜʘʥʴ (ʙʘʣʠ) 

ʟʘ ʦʜʥʝ ʟʘʛʘʣʴʥʘ 

1 200 30 0,9 0-27 

2 60 9 1,0 0-9 

3 40 1 4,0 0-4 

ɺʩʴʦʛʦ 300 40  0-40 

ʅʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʪʘ 

ʧʽʜʩʫʤʢʦʚʦʛʦ ʢʦʥʪʨʦʣʽʚ ʟʥʘʥʴ ʽ ʥʘʜʘʶʪʴ ʩʪʫʜʝʥʪʘʤ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʚʘʪʠ 

ʘʧʝʣʷʮʽʾ: 

¶ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ ʥʝʟʘʣʝʞʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, http://ep3.nuwm.edu.ua/id/eprint/4184; 

¶ ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʩʝʤʝʩʪʨʦʚʠʡ ʧʦʪʦʯʥʠʡ ʪʘ ʧʽʜʩʫʤʢʦʚʠʡ ʢʦʥʪʨʦʣʴ 

ʥʘʚʯʘʣʴʥʠʭ ʜʦʩʷʛʥʝʥʴ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ, 

http://nuwm.edu.ua/strukturni-pidrozdili/navch-nauk-tsentr-nezalezhnoho-

otsiniuvannia-znan/dokumenti. 

ʉʠʩʪʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ 

(ʩʝʤʝʩʪʨʦʚʠʡ ʧʦʪʦʯʥʠʡ ʢʦʥʪʨʦʣʴ) ʟʽ ʟʤʽʥʘʤʠ ʪʘ ʜʦʧʦʚʥʝʥʥʷʤʠ, 

http://nuwm.edu.ua/strukturni-pidrozdili/navch-nauk-tsentr-nezalezhnoho-

otsiniuvannia-znan/dokumenti 

 

2. ʃʘʙʦʨʘʪʦʨʥʽ ʟʘʚʜʘʥʥʷ 

2.1 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1. ʇʽʜʛʦʪʦʚʢʘ ʤʦʜʝʣʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ. ʈʦʟʨʘʭʫʥʦʢ 

ʤʦʜʝʣʽ ʚ Autodesk CFD 

ʇʨʦʛʨʘʤʘ Autodesk CFD (Computational Fluid Dynamics) ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʛʽʜʨʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ. 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʫ ʨʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʦʧʘʣʝʥʥʷ ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ ʨʠʩ. 2.1. ʂʦʣʝʢʪʦʨ ʤʘʻ 

ʪʦʥʢʦʩʪʽʥʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʜʝʢʽʣʴʢʘ ʧʘʪʨʫʙʢʽʚ: ʦʜʠʥ ʧʽʜʚʽʜʥʠʡ ʪʘ ʪʨʠ ʚʽʜʚʽʜʥʠʭ. 

 

http://ep3.nuwm.edu.ua/id/eprint/4184
http://nuwm.edu.ua/strukturni-pidrozdili/navch-nauk-tsentr-nezalezhnoho-otsiniuvannia-znan/dokumenti
http://nuwm.edu.ua/strukturni-pidrozdili/navch-nauk-tsentr-nezalezhnoho-otsiniuvannia-znan/dokumenti
http://nuwm.edu.ua/strukturni-pidrozdili/navch-nauk-tsentr-nezalezhnoho-otsiniuvannia-znan/dokumenti
http://nuwm.edu.ua/strukturni-pidrozdili/navch-nauk-tsentr-nezalezhnoho-otsiniuvannia-znan/dokumenti
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ʈʠʩʫʥʦʢ 2.1 ï ʇʨʦʩʪʦʨʦʚʘ ʤʦʜʝʣʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʦʧʘʣʝʥʥʷ 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʧʽʜʛʦʪʦʚʢʠ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʻ ʧʽʜʛʦʪʦʚʢʘ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ. ʇʨʦʛʨʤʘʤʘ Autodesk CFD (ʷʢ ʽ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʽʥʰʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ çʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠè) ʥʝ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙ'ʻʢʪʽʚ. ɺʠʭʽʜʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʙʫʜʝ ʧʽʜʛʦʪʦʚʣʝʥʘ 

ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ ʜʦʜʘʪʢʫ, ʪʘʢʦʤʫ ʷʢ Autodesk Inventor ʘʙʦ ʽʥʰʦʤʫ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦʨʦʚʠʭ ʤʦʜʝʣʝʡ. ʎʷ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ 

ʤʘʻ ʚʢʣʶʯʘʪʠ ʚ ʩʦʙʽ ʽ ʦʢʨʝʤʝ ʪʽʣʦ, ʧʦʚʽʪʨʷ ʘʙʦ ʨʽʜʠʥʫ, ʷʢʘ ʟʘʧʦʚʥʶʻ ʧʨʦʪʦʯʥʫ 

ʯʘʩʪʠʥʫ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʥʽʤ 

ʢʦʣʴʦʨʦʤ ʥʘ ʧʝʨʝʨʽʟʽ ʢʦʣʝʢʪʦʨʘ (ʨʠʩ. 2.1). 

ʇʽʩʣʷ ʧʽʜʛʦʪʦʚʢʠ ʛʝʦʤʝʪʨʽʾ ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʾʾ ʝʢʩʧʦʨʪʫ ʚ ʧʨʦʛʨʘʤʫ CFD. 

ɼʣʷ ʮʴʦʛʦ ʥʘ ʩʪʨʽʯʮʽ ʚʢʣʘʜʦʢ ʧʨʦʛʨʘʤʠ Autodesk Inventor ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ 

ʚʢʣʘʜʢʫ "Simulation" ʽ ʚʠʙʨʘʪʠ ʧʫʥʢʪ "Active Model". ʇʦʪʽʤ ʧʨʦʛʨʘʤʘ ʟʘʧʨʦʧʦʥʫʻ 

ʟʙʝʨʝʛʪʠ ʟʤʽʥʠ ʽ ʧʦʯʥʝʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʝʢʩʧʦʨʪʫ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʚ ʧʨʦʛʨʘʤʫ 

Autodesk CFD (ʨʠʩ. 2.2). ʋ ʚʽʢʥʽ, ʷʢʝ ʤʠ ʙʘʯʠʤʦ, ʥʘʤ ʧʨʦʧʦʥʫʶʪʴ ʚʢʘʟʘʪʠ ʽʤ'ʷ 

ʬʘʡʣʫ ʽ ʰʣʷʭ, ʟʘ ʷʢʠʤ ʚʽʥ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ. ʊʘʢʦʞ ʤʦʞʥʘ ʽʤʧʦʨʪʫʚʘʪʠ ʛʝʦʤʝʪʨʽʶ 

ʤʦʜʝʣʽ ʟ ʽʥʰʠʭ ʛʨʘʬʽʯʥʠʭ ʨʝʜʘʢʪʦʨʽʚ (ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʚʠʙʨʘʪʠ 

ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʘʡʣʫ ʟ ʛʝʦʤʝʪʨʽʻʶ). ɼʘʣʽ ʥʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ "ɿʘʧʫʩʢ" ʽ ʤʠ 

ʤʦʞʝʤʦ ʧʨʦʜʦʚʞʠʪʠ ʨʦʙʦʪʫ. 
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ʈʠʩʫʥʦʢ 2.2 ï ɽʢʩʧʦʨʪ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʚ Autodesk CFD 

ʈʦʟʛʣʷʥʝʤʦ ʝʣʝʤʝʥʪʠ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ (ʨʠʩ. 2.3). ɺʽʥ ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ 

ʻʜʠʥʦʶ ʢʦʥʮʝʧʮʽʻʶ ʟ ʽʥʰʠʤʠ ʧʨʦʜʫʢʪʘʤʠ Autodesk, ʟʦʢʨʝʤʘ, ʟʚʝʨʭʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʘ ʧʘʥʝʣʴ ʚʢʣʘʜʦʢ, ʥʘ ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʟʛʨʫʧʦʚʘʥʽ ʨʽʟʥʽ 

ʬʫʥʢʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 2.3 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʽʥʪʝʨʬʝʡʩʫ Autodesk CFD 
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ɿʣʽʚʘ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʦ ʜʝʨʝʚʦ ʤʦʜʝʣʽ (Design Study Bar), ʚ ʷʢʦʤʫ 

ʙʫʜʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʷʢʽ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʥʫʚʘʪʠ, ʘ ʟʥʠʟʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʝ ʚʽʢʥʦ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʚʝʜʝʥʥʷ 

ʩʠʩʪʝʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (Output Bar). ʎʝ ʚʽʢʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʦ, ʪʦʤʫ ʡʦʛʦ 

ʤʦʞʥʘ ʟʛʦʨʥʫʪʠ, ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʟʘʡʤʘʻ ʚʽʢʥʦ, ʚ ʷʢʦʤʫ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ. 

ʊʝʧʝʨ ʧʝʨʝʡʜʝʤʦ ʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ ʩʪʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʫʥʢʪʽʚ: 

1. ʇʨʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

3. ʅʘʣʘʰʪʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ʋ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʻ ʚʢʣʘʜʢʘ 

"Material", ʚ ʷʢʽʡ ʻ ʧʽʜʢʣʘʜʢʘ "unsigned", ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʤʘʪʝʨʽʘʣʠ ʥʝ ʧʨʠʟʥʘʯʝʥʽ 

(ʨʠʩ. 2.3). ʊʫʪ ʤʠ ʙʘʯʠʤʦ ʜʚʘ ʛʝʦʤʝʪʨʠʯʥʽ ʪʽʣʘ, ʷʢʽ ʤʠ ʧʝʨʝʜʘʣʠ ʟ ʜʦʜʘʪʢʘ CAD 

(ʩʘʤ ʢʦʣʝʢʪʦʨ ʪʘ ʦʙôʻʤ ʷʢʠʡ ʡʦʛʦ ʟʘʧʦʚʥʶʻ). ʑʦʙ ʧʨʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, ʧʦʪʨʽʙʥʦ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʧʦʪʨʽʙʥʝ ʪʽʣʦ ʥʘ ʛʨʘʬʽʯʥʽʡ ʯʘʩʪʠʥʽ ʝʢʨʘʥʘ 

ʘʙʦ ʫ ʜʝʨʝʚʽ ʤʦʜʝʣʽ, ʥʘʪʠʩʥʫʪʠ ʣʽʚʫ ʢʥʦʧʢʫ ʤʠʰʽ, ʱʦʙ ʟ'ʷʚʠʣʦʩʴ ʩʧʣʠʚʘʶʯʝ ʤʝʥʶ. 

ʆʙʨʘʪʠ ʧʫʥʢʪ "Edit", ʽ ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʨʝʜʘʢʪʦʨʘ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʨʠʩ. 2.4). 

 
ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʢʦʣʝʢʪʦʨʘ 

ʋ ʮʴʦʤʫ ʚʽʢʥʽ ñMaterialsò ʻ ʢʽʣʴʢʘ ʧʦʣʽʚ, ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ ʦʩʥʦʚʥʠʭ. ʋ ʧʦʣʽ 

ñtypeò ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʪʠʧ ʪʽʣʘ, ʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʚʠʙʠʨʘʻʤʦ ñsolidò ï

ʪʚʝʨʜʝ ʪʽʣʦ. ʋ ʚʠʧʘʜʘʶʯʦʤʫ ʚʽʢʥʽ ñNameò ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʤʘʪʝʨʽʘʣ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ ï ñStainless Steelò. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʪʠʩʥʽʪʴ ñApplyò, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʜʽʡ 
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ʤʠ ʙʘʯʠʤʦ, ʱʦ ʥʘ ʚʢʣʘʜʮʽ "ʤʘʪʝʨʽʘʣ" ʟ'ʷʚʠʣʘʩʴ ʥʦʚʘ ʛʽʣʢʘ ñStainless Steelò, ʘ ʚ 

ʣʽʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʽ, ʜʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘʰʘ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ, ʟ'ʷʚʠʣʘʩʴ 

ʢʦʣʴʦʨʦʚʘ ʰʢʘʣʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʥʘʤ ʨʦʟʨʽʟʥʷʪʠ ʨʽʟʥʽ ʪʽʣʘ ʪʘ ʦʙ'ʻʤʠ ʟʘ ʢʦʣʴʦʨʦʤ, 

ʚʽʜʧʦʚʽʜʥʦ, ʡ ʤʘʪʝʨʽʘʣʦʤ. 

ʅʘʟʥʘʯʠʚʰʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʣʝʢʪʦʨʫ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʡʦʛʦ ʤʦʞʥʘ ʧʨʠʭʦʚʘʪʠ, 

ʜʣʷ  ʮʴʦʛʦ ʥʘ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʥʘʚʦʜʠʤʦ ʢʫʨʩʦʨ ʥʘ ʥʝʾ ʽ ʟʘʪʠʩʢʘʻʤʦ ʣʽʚʫ ʢʥʦʧʢʫ 

ʤʠʰʽ, ʫʪʨʠʤʫʶʯʠ ʥʘʪʠʩʥʫʪʦʶ ʢʥʦʧʢʫ ñCtrlò. 

ʇʨʠʭʦʚʘʚʰʠ ʢʦʣʝʢʪʦʨ ʙʘʯʠʤʦ ʡʦʛʦ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ (ʨʠʩ. 2.5). ɸʥʘʣʦʛʽʯʥʦ 

ʚʠʢʣʠʢʘʻʤʦ ʚʽʢʥʦ ʨʝʜʘʢʪʦʨʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʜʘʥʦʤʫ. ʚʠʧʘʜʢʫ ʪʠʧ 

ʤʘʪʝʨʽʘʣʫ ʚʠʙʠʨʘʻʤʦ ñFluidò, ʘ ʥʘʟʚʘ ʤʘʪʝʨʽʘʣʫ ʙʫʜʝ ñWaterò. ʇʦʪʽʤ ʥʘʪʠʩʥʽʪʴ 

"Apply", ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʤʠ ʙʘʯʠʤʦ ʾ ʭ ʫ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʪʘ ʥʘ ʢʦʣʴʦʨʦʚʽʡ ʰʢʘʣʽ 

ʥʘ ʛʨʘʬʽʯʥʽʡ ʯʘʩʪʠʥʽ. 

 
ʈʠʩʫʥʦʢ 2.5 ï ʇʨʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʪʦʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʣʝʢʪʦʨʘ 

ʅʘʩʪʫʧʥʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ï ʟʘʜʘʪʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʉʘʤʝ ʮʽ ʫʤʦʚʠ 

ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ ʷʢʠʡ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʚʩʝʨʝʜʠʥʽ 

ʢʦʣʝʢʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʭʦʜʠʤʦ ʥʘ ʥʘʩʪʫʧʥʫ ʚʢʣʘʜʢʫ ʩʪʨʽʯʢʠ ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ñBoundary Conditionsò. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʻʤʦ ʥʘʩʪʫʧʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

¶ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʧʝʨʝʨʽʟ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʥʘʜʭʦʜʠʪʴ ʧʦʪʽʢ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 3,0 ʤ/ʩ; 

¶ ʥʘ ʚʠʭʦʜʽ ʟ ʫʩʽʭ ʪʨʴʦʭ ʧʘʪʨʫʙʢʽʚ ʧʦʪʽʢ ʤʦʞʝ ʚʽʣʴʥʦ ʚʠʧʣʠʚʘʪʠ ʥʝ 

ʟʫʩʪʨʽʯʘʶʯʠ ʥʽʷʢʦʛʦ ʦʧʦʨʫ, ʪʦʙʪʦ ʤʘʻʤʦ ʚʽʣʴʥʝ ʚʠʪʽʢʘʥʥʷ. 

ʑʦʙ ʟʘʜʘʪʠ ʮʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʠʙʠʨʘ̒ʤʦ ʚʭʽʜʥʠʡ ʧʝʨʝʨʽʟ. ɸʥʘʣʦʛʽʯʥʦ ʪʦʤʫ 

ʷʢ ʤʠ ʚʠʢʣʠʢʘʣʠ ʚʽʢʥʦ ʨʝʜʘʢʪʦʨʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻʪʴʩʷ 
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ʚʽʢʥʦ ʨʝʜʘʢʪʦʨʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ñBoundary Conditionsò(ʨʠʩ. 2.6). 

 

 
ʈʠʩʫʥʦʢ 2.6 ï ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ 

 

ʋ ʚʽʢʥʽ ñBoundary Conditionsò ʻ ʨʷʜ ʦʩʥʦʚʥʠʭ ʧʫʥʢʪʽʚ: 

¶ ñTypeò ï ʚʠʜ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ, ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ, ʪʠʩʢ, 

ʰʚʠʜʢʽʩʪʴ ʚ ʧʝʨʝʨʽʟʽ ʪʘ ʽʥ.) ï ʚʠʙʠʨʘʻʤʦ ʟ ʚʠʧʘʜʘʶʯʦʛʦ ʤʝʥʶ; 

¶ ñUnitò ï ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ (ʦʨʛʘʥʽʟʦʚʘʥʦ ʯʝʨʝʟ ʚʠʧʘʜʘʶʯʝ ʤʝʥʶ); 

¶ ñTimeò ï ʫʩʪʘʣʝʥʠʡ ʚ ʯʘʩʽ ʯʠ ʟʤʽʥʥʠʡ; 

¶ ñDirectionò ï ʥʘʧʨʷʤʦʢ ʜʽʾ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ (ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʩʪʨʽʣʢʦʶ 

ʥʘ ʛʨʘʬʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ); 

¶ ñMagnitudeò ï ʚʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʚʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʙʠʨʘʻʤʦ ñTypeò ï ñVelocityò; ñUnitò ï 

ñm/sò; ñDirectionò ï ñNormalò; ñMagnitudeò ï ñ3ò. 

ʅʘ ʚʢʣʘʜʮʽ ñBoundary Conditionsò ʫ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʟ'ʷʚʠʪʴʩʷ ʧʝʨʰʘ ʛʨʘʥʠʯʥʘ 

ʫʤʦʚʘ ʰʚʠʜʢʦʩʪ̔ ʥʘ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ, ʚʽʜʤʽʯʝʥʘ ʯʦʨʥʦ  ʁʩʤʫʞʢʦʶ. 

ʊʘʢʠʤ ʩʘʤʠʤ ʯʠʥʦʤ ʟʘʜʘʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʚʠʭʽʜʥʠʭ ʧʘʪʨʫʙʢʘʭ 

(ʨʠʩ. 2.7). ʆʩʢʽʣʴʢʠ ʤʠ ʧʨʠʡʥʷʣʠ, ʱʦ ʚʠʪʽʢʘʥʥʷ ʟ ʚʠʭʽʜʥʠʭ ʧʘʨʪʫʙʢʽʚ ʙʫ ʜʝ 

ʚʽʣʴʥʠʤ, ʪʦʤʫ ʫ ʚʢʣʘʜʮʽ ñTypeò ʚʠʙʠʨʘʻʤʦ ñPressureò; ñUnitò ï ñPaò; ñPressureò ï 

ñ0ò. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʚʝʨʰʫʻʤʦ ʚʚʝʜʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 
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ʈʠʩʫʥʦʢ 2.7 ï ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʚʠʭʽʜʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ï ʟʘʜʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ñMesh sizingò. ʋ ʮʴʦʤʫ ʧʫʥʢʪʽ ʥʘʤ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ, ʱʦ 

ʩʽʪʢʘ ʙʫʜʝ ʛʝʥʝʨʫʚʘʪʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʪʠʩʥʫʚʰʠ ʥʘ ʢʥʦʧʢʫ ñAutosizeò 

(ʨʠʩ. 2.8). 

 

 
ʈʠʩʫʥʦʢ 2.8 ï ʈʦʟʙʠʪʪʷ ʤʦʜʝʣʽ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʣʝʤʝʥʪʠ 
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ʇʽʩʣʷ ʮʴʦʛʦ ʥʘ ʤʦʜʝʣʽ ʟôʷʚʣʷʪʴʩʷ ʢʨʘʧʢʠ, ʷʢʽ ʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ ʷʢʠʡ 

ʙʫʜʝ ʨʦʟʤʽʨ ʢʽʥʮʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʪʦʙʪʦ ʧʦ ʩʫʪʽ ʮʝ ʚʫʟʣʠ ʤʘʡʙʫʪʥʻ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʽʪʢʠ. ʉʘʤʘ ʩʽʪʢʘ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʥʝ ʛʝʥʝʨʫʻʪʴʩʷ, ʘ ʛʝʥʝʨʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʟʨʘʭʫʥʢʫ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʨʦʟʤʽʨ ʘʚʪʦʩʽʪʢʠ ʻ ʜʝʱʦ 

ʟʘʚʝʣʠʢʠʤ, ʘʣʝ ʦʛʦ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʚʩʶ ʤʦʜʝʣʴ 

ʥʘ ʫ ʩʧʣʠʚʘʶʯʦʤʫ ʚʽʢʥʽ ʥʘʪʠʩʥʫʪʠ ʧʫʥʢʪ ñEditò. ɺ̔ ʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʩʽʪʢʠ ñMesh Sizesò (ʨʠʩ. 2.8). ʊʫʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʫʥʢʘ òSize adjustmentò 

ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʫʚʘʪʠ ʪʘ ʟʤʝʥʰʫʚʘʪʠ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ (ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ñ1ò). ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦʚʟʫʥʢʘ ʚʣʽʚʦ ʨʦʟʤʽʨ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʻʪʴʩʷ (ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʟʨʦʩʪʘʻ), ʘ ʚʧʨʘʚʦ ʥʘʚʧʘʢʠ ï 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʆʧʪʠʤʘʣʴʥʦ ʟʘʜʘʤ̒ʦ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦ ñ0,8ò. ʇʽʩʣʷ ʚʠʙʦʨʫ ʨʦʟʤʽʨʫ 

ʝʣʝʤʝʥʪʽʚ ʥʘʪʠʩʢʘʻʤʦ ñApply changesò, ʧʦʪʽʤ ñSpread changesò ï 

ʨʦʟʧʦʚʩʶʜʞʫʻʤʦ ʥʘ ʚʩʶ ʤʦʜʝʣʴ ʪʘ ñApplyò. 

ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʟʠʽʨʽʚ ʩʽʪʢʠ ʧʝʨʝʭʦʜʠʤʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 

ʨʦʟʚôʷʟʫʚʘʯʘ ï ñSolveò ʫ ʚʽʢʥʽ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 2.9). 

 
ʈʠʩʫʥʦʢ 2.9 ï ɺʽʢʥʦ ñSolveò 

ʋ ʚʽʢʥʽ ñSolveò ʧʦʪʨʽʙʥʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʨʝʞʠʤ ʚʠʨʽʰʫʚʘʯʘ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ñSteady Stateò, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʫʩʪʘʣʝʥʠʤ ʫʤʦʚʘʤ, ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʱʦ 

ʨʦʟʨʘʭʫʥʦʢ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʟ ʥʫʣʴʦʚʦʶ ʦʧʝʨʘʮʽʻʶ ʪʦʙʪʦ ʩʧʦʯʘʪʢʫ. ʂʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 100 ʽʪʝʨʘʮʽʡ, ʱʦ ʟʘʟʚʠʯʘʡ 

ʚʠʩʪʘʯʘʻ ʜʣʷ ʪʦʛʦ ʱʦʙ ʜʦʩʷʛʪʠ ʨʽʰʝʥʥʷ ʫʩʪʘʣʝʥʦʛʦ ʧʨʦʮʝʩʫ. ʗʢʱʦ ʟʘʜʦʚʽʣʴʥʝ 

ʨʽʰʝʥʥʷ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʝ, ʪʦ ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʥʘ ʧʨʦʜʦʚʞʠʪʠ ʟ ʦʩʪʘʥʥʴʦʾ 

ʽʪʝʨʘʮʽʾ. 
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ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ ñSolveò ʛʝʥʝʨʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʽ 

ʧʦʯʠʥʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʚôʷʟʦʢ ʽ CFD ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʥʘ 

ʚʢʣʘʜʢʫ ñConvergence Plotò (ʨʠʩ. 2.10). ʊʫʪ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʛʨʘʬʽʢʠ, ʱʦ 

ʧʦʢʘʟʫʶʪʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟ ʭʦʜʦʤ ʽʪʝʨʘʮʽʡ. ʎʝ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʦ 

ʪʨʴʦʭ ʚʝʢʪʦʨʘʭ, ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʘʨʘʤʝʪʨʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ʎ ̔

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʝʨʝʜʥʝʥʽ ʧʦ ʚʩʴʦʤʫ ʦʙ'ʻʤʫ. 

 

 
ʈʠʩʫʥʦʢ 2.10 ï ʈʝʟʫʣʴʪʘʪʠ ñSolverò 

 

ʇʨʠ ʧʝʨʰʠʭ ʽʪʝʨʘʮʽʷʭ ʛʨʘʬʽʢʠ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʥʶʶʪʴʩʷ, ʮʝ ʛʦʚʦʨʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʩʫʤʘʨʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦ ʚʩʴʦʤʫ ʦʙ'ʻʤʫ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ. ʂʦʣʠ ʮʽ ʛʨʘʬʽʢʠ ʩʪʘʥʫʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ, ʮʝ ʙʫʜʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʧʦʪʽʢ ʧʨʠʡʥʷʚ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ (ʫʩʪʘʣʝʥʠʡ), ʪʦʙʪʦ ʧʦ 

ʜʦʩʷʛʥʝʥʥʶ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʨʦʟʚôʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʟʫʧʠʥʝʥʦ, ʷʢ ʧʨʘʚʠʣʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʚʽʜ 100 ʜʦ 200 ʽʪʝʨʘʮʽʡ, ʘʣʝ ʟʥʦʚʫ ʞ ʪʘʢʠ ʢʦʞʥʘ ʟʘʜʘʯʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʽ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ. 

ʆʪʞʝ, ʥʘ ʮʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʤʠ ʜʽʟʥʘʣʠʩʷ ʢ̫ ʧʽʜʛʦʪʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ 

ʤʦʜʝʣʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʥʘʥʥʷ ʛʽʜʨʦʛʘʟʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʟʘʜʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʥʘʣʘʰʪʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʮ ʩʽʪʢʫ ʪʘ 

ʧʦʯʘʪʠ ʨʦʟʨʘʭʫʥʦʢ. 
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2.2 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʽ 

ʟʘʩʦʙʘʤʠ Autodesk CFD 

ʅʘ ʧʦʧʝʨʝʜʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʢ̫ʽ ʢʨʦʢʠ ʧʦʪʨʽʙʥʦ 

ʟʨʦʙʠʪʠ ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʽʜʛʦʪʫʚʘʪʠ ʤʦʜʝʣʴ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʾʭ 

ʧʨʦʚʝʩʪʠ. ʄʝʪʘ ʮʽʻʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʦʟʥʘʡʦʤʠʪʠʩʴ ʽʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ 

ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ ʽʥʪʝʨʬʝʡʩ Autodesk CFD 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʤʝʥʶ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ. 2.11) ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʽ 

ʥʘ ʧʘʥʝʣʽ ʚʢʣʘʜʦʢ. 

 
ʈʠʩʫʥʦʢ 2.11 ï ɯʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ñGlobalò 

ʇʝʨʰʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘʣʽʟʫ ʥʘʟʠʚʘʻʪʴʩʷ ñGlobalò. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʜʦʟʚʦʣʷʻ 

ʚʽʜʦʙʨʘʟʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʧʦʚʝʨʭʥʽ ʥʘʰʦʾ ʤʦʜʝʣʽ 

(ʨʠʩ. 2.11). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʰʚʠʜʢʦʩʪʽ ʘ ʩʘʤʝ ʧʦʚʥʘ 

ʰʚʠʜʢʽʩʪʴ, ʪʦʙʪʦ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ. ʂʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʴʦʨʦʚʦʾ ʰʢʘʣʠ ʨʦʟʤʽʱʝʥʦʾ ʫ 

ʣʽʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ. ʂʨʽʤ ʪʦʛʦ ʢʦʣʠ ʤʠ ʥʘʚʦʜʠʤʦ ʢʫʨʩʦʨ ʥʘ 

ʥʘʰʫ ʤʦʜʝʣʴ ʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʘʥʽʡ ʪʦʯʮʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ 

ʥʠʞʥʴʦʤʫ ʣʽʚʦʤʫ ʢʫʪʽ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ. ʄʦʞʝʤʦ ʙʘʯʠʪʠ ʱʦ ʚʩʷ ʥʘʰʘ ʤʦʜʝʣʴ 

ʟʘʬʘʨʙʦʚʘʥʘ ʩʠʥʽʤ ʢʦʣʴʦʨʦʤ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʫʣʴʦʚʽʡ ʰʚʠʜʢʦʩʪʽ (ʥʘ ʩʪʽʥʢʘʭ 

ʢʦʣʝʢʪʦʨʘ), ʘ ʪʘʢʦʞ ʙʘʯʠʤʦ ʱʦ ʚʦʥʘ ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʰʚʠʜʢʽʩʪʴ ʚ̔ ʜʤʽʥʥʘ ʚʽʜ 

ʥʫʣʷ ʪʘ ʩʢʣʘʜʘʻ 300 ʩʤ/ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ 3,0 ʤ/ʩ, ʷʢʫ ʤʠ 

ʟʘʜʘʚʘʣʠ ʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ. ʅʘ ʚʠʭʽʜʥʠʭ ʧʝʨʝʨʽʟʘʭ ʰʚʠʜʢʦʩʪʽ ʪʘʢʦʞ ʚʽʜʤʽʥʥ ̔

ʚʽʜ ʥʫʣʷ (ʨʠʩ. 2.12). 



18 

 
ʈʠʩʫʥʦʢ 2.12 ï ʅʘʣʘʰʪʫʚʘʥʥʷ ʛʨʘʬʽʯʥʦʾ ʰʢʘʣʠ 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʤʠ ʤʦʞʝʤʦ ʧʝʨʝʢʣʶʯʠʪʠ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʷʢʽ ʥʘʤ ʟʨʫʯʥʽʰʝ: ʧʦʪʨʽʙʥʦ ʥʘ ʩʚʽʪʣʦʚʽʡ ʰʢʘʣʽ ʥʘʪʠʩʥʫʪʠ ʧʨʘʚʫ ʢʥʦʧʢʫ ʤʠʰʽ ʽ ʚ 

ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʫ hʢʘʣʫ (ʨʠʩ. 2.12). 

 
ʈʠʩʫʥʦʢ 2.13 ï ɯʥʩʪʨʫʤʝʥʪ ʚʠʙʦʨʫ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ, ʨʝʞʠʤ ñOutlineò 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʽ ʥʘ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʫ ʧʫʥʢʪʽ ñGlobal 

Vectorò ʧʦʪʨʽʙʥʦ ʫʚʽʤʢʥʫʪʠ ʦʧʮʽʶ ñVelocity Vectorò (ʨʠʩ. 2.13). 
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ʅʘʩʪʫʧʥʠʤ ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʚʢʣʘʜʮʽ ʘʥʘʣʽʟʫ ʻ ʽʥʩʪʨʫʤʝʥʪ 

ñPlanesò. ɺʽʥ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʩʽʯʥʫ ʧʣʦʱʠʥʫ ʷʢʫ ʨʦʟʨʘʭʫʻ ʦʪʨʠʤʘʥʠʡ ʧʝʨʝʨʽʟ 

ʽ ʜʦʟʚʦʣʠʪʴ ʟʘʟʠʨʥʫʪʠ ʷʢ ʙʠ ʚ ʚʩʝʨʝʜʠʥʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʦʙôʻʤʫ. ɼʣʷ ʮʴʦʛʦ 

ʜʦʙʘʚʠʤʦ ʧʣʦʱʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñAddò (ʨʠʩ. 2.14). 

 
ʈʠʩʫʥʦʢ 2.14 ï ɯʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ñPlanesò 

 

ʊʝʧʝʨ ʤʠ ʙʘʯʠʤʦ ʷʢ ʧʦʪʽʢ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʜʘʥʦʾ ʧʣʦʱʠʥʠ. ʎ  ̫

ʧʣʦʱʠʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʩʴ ʧʘʪʨʫʙʢʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʮʝʥʪʨʽ ʧʣʦʱʠʥʠ (ʨʠʩ. 2.14) ʾʾ ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ 

(ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʽʣʦʢ) ʧʦ ʢʦʦʨʜʠʥʘʪʥʽʡ ʩʽʪʮʽ ʘʙʦ ʦʙʝʨʪʘʪʠ ʥʘʚʢʦʣʦ ʦʩʽ (ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʫʛ).  

ʑʦʙ ʪʦʯʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʥʘʰʦʾ ʧʣʦʱʠʥʠ ʚʽʜʥʦʩʥʦ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʥʘ ʥʽʡ ʜʦʩʠʪʴ ʢʣʽʢʥʫʪʠ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ ʚʠʙʨʘʪʠ ʚʽʩʴ ʷʢʽʡ ʚʦʥʘ 

ʙʫʜʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ (ʨʠʩ. 2.15) ʘʙʦ ʚʠʢʣʠʢʘʪʠ ʤʝʥʶ ñPlane Controlò ʜʣʷ ʾʾ 

ʜʝʪʘʣʴʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʴʦʨʦʚʦʾ ʰʢʘʣʠ ʥʘ ʨʠʩ. 2.14-2.15 ʤʠ ʤʦʞʝʤʦ ʙʘʯʠʪʠ ʷʢ 

ʟʤʽʥʶʶʪʴʩʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʦ ʧʝʨʝʨʽʟʫ. ʊʘʢ ʩʘʤʦ ʷʢ ʽ ʟ ʽʥʩʪʨʫʤʝʥʪʦʤ ñGlobalò 

ʤʦʞʝʤʦ ʥʘʣʘʰʪʫʚʘʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʝʡ: ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʫʥʢʪ ʫʚʽʤʢʥʫʪʠ ʦʧʮʽʶ ñVelocity Vectorò (ʨʠʩ. 2.16). 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʜʦʚʞʠʥʠ ʚʝʢʪʦʨʽʚ ʪʘ ʾʭ ʱʽʣʴʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʭ ʧʦʚʟʫʥʢʽʚ ñLengthò ʪʘ ñGrid spacingò ʫ ʚʢʣʘʜʮʽ ñVector settingsò ʚʽʢʥʘ ñPlane 

Controlò (ʨʠʩ. 2.16). ʆʙʝʨʪʘʶʯʠ ʩʽʯʥʫ ʧʣʦʱʠʥʫ ʙʫʜʫʪʴ ʪʘʢʦʞ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠʩʷ ʽ 

ʚʝʢʪʦʨʠ. 
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ʈʠʩʫʥʦʢ 2.15 ï ʈʝʜʘʛʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ñPlanesò 

 
ʈʠʩʫʥʦʢ 2.16 ï ʈʝʜʘʛʫʚʘʥʥʷ ʚʝʢʪʦʨʽʚ ʚ ̔ʥʩʪʨʫʤʝʥʪ ̔ñPlanesò 

 

ʑʦʙ ʜʽʟʥʘʪʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ ʚ ʟʘʜʘʥʦʤʫ ʧʝʨʝʨʽʟʽ ʤʦʞʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ñBulkò. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʫ ʚʠʭʽʜʥʠʭ 

ʧʘʪʨʫʙʢʘʭ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʥʫ ʧʣʦʱʠʥʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʦʩʽ ñYò ʧʝʨʝʪʷʛʪʠ ʚʥʠʟ 

ʪʘʢ, ʱʦʙ ʚʦʥʘ ʧʝʨʝʪʠʥʘʣʠ ʚʩʽ ʪʨʠ ʧʘʪʨʫʙʢʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ñBulkò 
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(ʨʠʩ. 2.17) ʚʠʙʠʨʘʻʤʦ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʥʘʩ ʮʽʢʘʚʣʷʪʴ (ʜʣʷ ʧʨʠʢʣʘʜʠ ʚʠʙʨʘʥʦ 

ʦʙôʻʤʥʫ ʚʠʪʨʘʪʫ) ʪʘ ʚʽʜʤʽʯʘʻʤʦ ʾʭ ʛʘʣʦʯʢʘʤʠ, ʪʘʢʦʞ ʚʢʘʟʫʻʤʦ ʦʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʅʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ ñCalculateò ʪʘ ʦʪʨʠʤʫʻʤʦ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ.  

 
ʈʠʩʫʥʦʢ 2.17 ï ɯʥʩʪʨʫʤʝʥʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʨʽʟʽʚ ñBulkò 

ʆʩʢʽʣʴʢʠ ʢʦʣʝʢʪʦʨ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʪʦ ʚʠʪʨʘʪʘ ʫ ʢʦʞʥʦʤʫ ʟ ʧʘʪʨʫʙʢʽʚ ʙʫʜʝ 

ʨʽʟʥʦʶ, ʱʦ ʽ ʙʘʯʠʤʦ ʚ ʨʝʟʫʣʴʪʘʪʘʭ: 

¶ ʧʨʘʚʠʡ ï φψτȟφυς ̒ ̍ϳ̒; 

¶ ʮʝʥʪʨʘʣʴʥʠʡ ï ψφπȟωυ ̒ ̍ϳ̒; 

¶ ʣʽʚʠʡ ï φψψȟυυχ ̒ ̍ϳ̒. 

ʆʩʢʽʣʴʢʠ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʧʦʪʦʢʫ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʢʫ ʦʩʽ, ʪʦ ʽ ʚʠʪʨʘʪʠ 

ʚʢʘʟʘʥʦ ʽʟ ʚʽʜôʻʤʥʠʤ ʟʥʘʢʦʤ. 

ʅʘʩʪʫʧʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ï ñTracesò. ɺʽʥ 

ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʧʦʪʦʢʫ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʦʙʣʘʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʭʦʜʠʤʦ ʥʘ ʚʢʣʘʜʢʫ ʩʪʨʽʯʢʠ ñTracesò (ʨʠʩ. 2.18). ʋ ʜʘʥʦʤʫ 

ʧʫʥʢʪʽ ʤʠ ʤʦʞʝʤʦ ʧʦʙʫʜʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʶ, ʷʢ ʦʢʨʝʤʦ ʾʪʦʯʢʠ, ʪʘʢ ʽ ʾʭ ʩʫʢʫʧʥʦʩʪʽ 

(ʦʙʤʝʞʝʥʦʛʦ ʢʦʣʦʤ, ʢʚʘʜʨʘʪʦʤ, ʚʟʜʦʚʞ ʣʽʥʽʾ ʪʘ ʽʥ.). 

ʇʦʣʦʞʝʥʥʷ ʦʜʥʽʻʾ ʪʦʯʢʠ ʤʦʞʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʢʘʟʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʠʰʢʠ ʚʠʙʨʘʚʰʠ ʫ ʚʠʧʘʜʘʶʯʦʤʫ ʤʝʥʶ ñSeed Typeò ï ñPointò. 

ʉʫʢʫʧʥʽʩʪʴ ʪʦʯʦʢ ʦʙʤʝʞʝʥʠʭ ʢʦʣʦʤ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʟʘʜʘʚʰʠ ʪʠʧ ñCircularò, ʧʨʠ 

ʮʴʦʤʫ ʚʢʘʟʘʪʠ ʮʝʥʪʨ ʽ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʜʦ ʧʦʪʨʽʙʥʠʭ ʨʦʟʤʽʨʽʚ. ʇʽʜʪʚʝʨʜʠʚʰʠ 

ʚʠʙʽʨ Autodesk CFD ʙʫʜʫʻ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʥʘʙʦʨʫ ʪʦʯʦʢ (ʨʠʩ. 2.19). ɹʘʯʠʤʦ, ʱʦ 

ʚʩʝʨʝʜʠʥʽ ʢʦʣʝʢʪʦʨʘ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʟʘʚʠʭʨʝʥʥʷ ʽ ʜʘʣʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʽʜʚʦʜʠ. 
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ʈʠʩʫʥʦʢ 2.18 ï ɯʥʩʪʨʫʤʝʥʪ ʧʦʙʫʜʦʚʠ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ñTracesò 

 

 
ʈʠʩʫʥʦʢ 2.19 ï ɯʥʩʪʨʫʤʝʥʪ ʧʦʙʫʜʦʚʠ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ñTracesò 

 

ʂʦʣʽʨ ʪʨʘʻʢʪʦʨʽʾ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʚʽʜʧʦʚʽʜʘʻ ʾʾ ʰʚʠʜʢʦʩʪʽ 

ʟʛʽʜʥʦ ʢʦʣʴʦʨʦʚʦʾ ʰʢʘʣʠ. 

ʅʘʩʪʫʧʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ ï ñIso Surfacesò. ɺʽʥ 
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ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʧʦʚʝʨʭʥʽ ʨʽʚʥʦʛʦ ʨʽʚʥʷ. ɼʦʙʘʚʠʚʰʠ ʧʦʚʝʨʭʥʶ ʨʽʚʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʢʠ ñAddò ʤʠ ʤʦʞʝʤʦ ʾʾ ʨʝʜʘʛʫʚʘʪʠ ʢʦʤʘʥʜʦʶ ñEditò 

(ʨʠʩ. 2.20). ɹʘʯʠʤʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʦʙʤʝʞʫʻ ʜʽʣʷʥʢʠ ʽʟ ʰʚʠʜʢʦʩʪʷʤʠ 100 ʩʤ/ʩ, ʷʢʝ 

ʤʠ ʟʘʜʘʣʠ ʫ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ñ Iso Surfaces Controlò. ʎʝ ʟʥʘʯʝʥʥʷ ʤʦʞʥʘ 

ʚʚʦʜʠʪʠ ʚʨʫʯʥʫ ʘʙʦ ʨʝʜʘʛʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʫʥʢʘ. 

 

 
ʈʠʩʫʥʦʢ 2.20 ï ɯʥʩʪʨʫʤʝʥʪ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ ʨʽʚʥʠʭ ʚʝʣʠʯʠʥ ñ Iso Surfaces ò 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʤʠ ʤʦʞʝʤʦ ʚʠʷʚʣʷʪʠ ʦʙʣʘʩʪʽ ʟ 

ʥʘʡʙʽʣʴʰʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʽ ʥʘʚʧʘʢʠ, ʟʘʩʪʽʡʥʽ ʟʦʥʠ ʽʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ.  

ʆʪʞʝ, ʥʘ ʮʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʦʩʥʦʚʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʨʦʟʫʤʽʪʠ ʷʢ ʧʦʪʦʢʠ ʨʫʭʘʶʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

2.3 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ3. ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʄʝʪʦʶ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ: ʨʦʟʚôʷʟʦʢ ʩʫʤʽʱʝʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʤʘʩʦʧʨʝʥʦʩʫ 

ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

ɿʘʜʘʯʫ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ ʙʫʜʝʤʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙ̔ʪ ˉ1, ˉ2 (ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʣʝʢʪʦʨʘ). ɺ ʮʠʭ ʨʦʙʦʪʘʭ ʤʠ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʫʭ ʧʦʪʦʢʫ ʯʝʨʝʟ ʢʦʣʝʢʪʦʨ, ʘ ʚ ʮʽʡ ʨʦʙʦʪʽ ʜʦʜʘʤʦ ʪʘʢʦʞ ʪʝʧʣʦʚʽ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʨʫʭ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʦʣʝʢʪʦʨʽ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʩʢʣʘʜʘʻ 90 0ʉ, ʘ ʚʽʜʜʘʯʘ 

ʪʝʧʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʩʪʽʥʢʠ ʢʦʣʝʢʪʦʨʘ ʫ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʪʞʝ ʜʦʙʘʚʠʤʦ ʜʦ ʪʝʧʣʦʚʦʛʦ ʢʦʣʝʢʪʦʨʘ ʛʨʘʥʠʯʥʽ ʪʝʧʣʦʚʽ ʫʤʦʚʠ. ɼʣʷ ʮʴʦʛʦ 
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ʚʽʜʢʨʠʚʘʻʤʦ ʤʦʜʝʣʴ ʢʦʣʝʢʪʦʨʘ, ʧʝʨʝʭʦʜʠʤʦ ʥʘ ʚʢʣʘʜʢʫ ñBoundary Conditionsò, 

ʚʠʜʽʣʷʻʤʦ ʚʭʽʜʥʠʡ ʧʝʨʝʨʽʟ ʪʘ ʚʠʢʣʠʢʘʻʤʦ ʤʝʥʶ ʨʝʜʘʛʫʚʘʥʥʷ (ʨʠʩ. 2.21). 

 
ʈʠʩʫʥʦʢ 2.21 ï ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʦʾ ʪʝʧʣʦʚʦʾ ʫʤʦʚ ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ 

 

ɺʠʙʠʨʘʻʤʦ ʪʠʧ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ ñTemperatureò ʪʘ ʥʘʟʥʘʯʘʻʤʦ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʪʦʢʫ ʥʘ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ 90 0ʉ. ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʘʟʘʥʠʭ ʫʤʦʚ, ʜʦ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʰʚʠʜʢʦʩʪʽ ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʜʦʙʘʚʠʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʜʘʯʽ ʪʝʧʣʘ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʩʢʦʨʠʩʪʘʻʤʦʩʴ 

ʩʧʨʦʱʝʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʪʘʢ ʟʚʘʥʠʤ ʧʣʽʚʢʦʚʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ, ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʷʢʘ 

ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʧʝʨʝʧʘʜʽ 

1Áʉ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʥʝ ʤʦʜʝʣʶʚʘʪʠ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʧʨʠʰʚʠʜʰʫʻ ʨʦʟʨʘʭʫʥʢʠ. ʅʘʤ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʚʩʽ ʧʦʚʝʨʭʥʽ ʯʝʨʝʟ ʷʢʽ ʙʫʜʝ 

ʚʪʨʘʯʘʪʠʩʷ ʪʝʧʣʦ, ʪʦʙʪʦ ʚʩʽ ʟʦʚʥʽʰʥʽ ʧʦʚʝʨʭʥʽ ʢʦʣʝʢʪʦʨʘ. ɺʦʥʠ ʚʠʙʠʨʘʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʚʦʾ ʢʥʦʧʢʠ ʤʠʰʽ ʽ ʜʘʣʽ ʚʠʢʣʠʢʘʻʤʦ ʚʽʢʥʦ ʨʝʜʘʢʪʦʨʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (ʨʠʩ. 2.22). 

ʋ ʚʽʢʥʽ ñBoundary Conditionsò ʚʠʙʠʨʘʻʤʦ ʪʠʧ ñFilm Coefficientò, ʨʦʟʤʽʨʥʽʩʪʴ 

ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ï W/m2/K, ʡʦʛʦ ʚʝʣʠʯʠʥʘ ñ5ò (ʟʘʣʠʰʘʻʤʦ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʙʝʟ 

ʟʤʽʥ), ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï ñRef Temperatureò 10Áʉ. ʇʽʩʣʷ 

ʟʘʩʪʦʩʫʥʢʫ ʟʤʽʥ ñApplyò, ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʢʦʣʝʢʪʦʨʘ ʽ ʧʘʪʨʫʙʢʽʚ ʚʽʜʤʽʪʠʣʠʩʴ 

ʢʦʣʴʦʨʦʚʠʤʠ ʩʤʫʞʢʘʤʠ. ʋ ʥʠʞʥʴʦʤʫ ʢʫʪʢʫ ʛʨʘʬʽʯʥʦʾ ʯʘʩʪʠʥʠ ʤʘʻʤʦ ʧʦʚʥʫ 

ʨʦʟʰʠʬʨʦʚʢʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʘ ʢʦʣʪʦʨʘʤʠ: ñVelocity Normalò, ñPressureò, 

ñTemperatureò, ñFilm Coefficientò (ʰʚʠʜʢʽʩʪʴ, ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʣʽʚʢʦʚʠʡ 
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ʢʦʝʬʽʮʽʻʥʪ). 

 
ʈʠʩʫʥʦʢ 2.22 ï ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʩʪʽʥʢʘʭ ʢʦʣʝʢʪʦʨʘ 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʧʦʪʨʽʙʥʦ ʫ ʚʢʣʘʜʮʽ ñPhysicsò ̔ʥʩʪʨʫʤʝʥʪʫ ñSolveò 

ʫʚʽʤʢʥʫʪʠ ʧʫʥʢʪ ñHeat Transferò (ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʫ) ʪʘ ʫʚʽʤʢʥʫʪʠ 

ʧʫʥʢʪ ñAuto Forced Convectionò. 

 
ʈʠʩʫʥʦʢ 2.23 ï ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʩʪʽʥʢʘʭ ʢʦʣʝʢʪʦʨʘ 

ʎʝʡ ʧʫʥʢʪ ʦʟʥʘʯʘʻ ʱʦ ʤʠ ʥʝ ʙʫʜʝʤʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠʨʦʜʥʫ ʢʦʥʚʝʢʮʽʶ, ʱʦ 
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ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʧʨʠ ʧʦʷʚʽ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʦʭʦʣʦʜʞʝʥʥʷ 

ʯʘʩʪʠʥʦʢ ʧʦʪʦʢʫ ʧʨʠ ʡʦʛʦ ʨʫʩʽ ʚ ʢʦʣʝʢʪʦʨʽ (ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ). ɺʧʣʠʚ ʧʨʠʨʦʜʥʴʦʾ ʢʦʥʚʝʢʮʽʾ ʙʫʜʝ ʜʫʞʝ ʤʘʣʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʫʭʦʤ 

ʧʦʪʦʢʫ, ʪʦʤʫ ʥʝʶ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʇʽʩʣʷ ʥʘʚʝʜʝʥʠʭ ʦʧʝʨʘʮʽʾ ʤʦʞʝʤʦ ʧʦʯʠʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʽʟ ʥʫʣʴʦʚʦʾ ʽʪʝʨʘʮʽʾ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʝʤʦ ʧʝʨʝʡʪʠ ʜʦ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɺʠʙʨʘʚʰʠ ʚ ʽʥʩʪʨʫʤʝʥʪʽ ñGlobalò ʚʽʜʦʙʨʘʞʝʥʥʷ ñTemperatureò 

(ʪʝʤʧʝʨʘʪʫʨʠ) ʙʘʯʠʤʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʣʝʢʪʦʨʘ ʽ 

ʧʘʪʨʫʙʢʽʚ (ʨʠʩ. 2.24). 

 
ʈʠʩʫʥʦʢ 2.24 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ, ʽʥʩʪʨʫʤʝʥʪ ñGlobalò 

ɺ ʧʦʯʘʪʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʘ ʜʘʣʽ 

ʤʠ ʙʘʯʠʤʦ ʷʢ ʚʦʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʨʫʭʦʤ ʧʦʪʦʢʫ ʧʦ ʢʦʣʝʢʪʦʨʫ ʪʘ ʚʽʜʜʘʯʝʶ ʪʝʧʣʘ 

ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʢʦʣʝʢʪʦʨʘ 

ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʽʥʩʪʨʫʤʝʥʪʦʤ ñPlanesò. ʇʣʦʱʠʥʫ ʨʦʟʤʽʩʪʠʤʦ ʪʘʢ, ʱʦʙ ʚʦʥʘ 

ʧʨʦʭʦʜʠʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ ʯʝʨʝʟ ʮʝʥʪʨ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʠʭ 

ʧʘʪʨʫʙʢʽʚ (ʨʠʩ. 2.25). ʅʘ ʚʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ ʫ ʥʘʩ ʪʝʤʧʝʨʘʪʫʨʘ 90 Áʉ, ʪʦʙʪʦ ʮʝ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʫ ʤʠ ʟʘʜʘʣʠ ʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ, ʜʘʣʽ ʚʩʝʨʝʜʠʥʽ ʢʦʣʝʢʪʦʨʘ 

ʧʦʯʠʥʘʻʪʴʩʷ ʨʫʭ ʧʦʪʦʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʦʜʥʠʡ ʧʦʪʽʢ ʽʥʪʝʥʩʠʚʥʦ 

ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʽ ʯʝʨʝʟ ʤʝʪʘʣʝʚʫ ʩʪʽʥʢʫ ʢʦʣʝʢʪʦʨʘ ʚʽʜʜʘʻ ʪʝʧʣʦ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʪʘʢʠʤ ʯʠʥʦʤ ʛʘʨʷʯʠʡ ʧʦʪʽʢ ʦʭʦʣʦʜʞʫʻʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 2.25 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʢʦʣʝʢʪʦʨʘ, ʽʥʩʪʨʫʤʝʥʪ ñPlanesò 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ñXY Plotò ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʘʜʘʥʦʤʫ ʧʝʨʝʨʽʟʽ. ɼʣʷ ʮʴʦʛʦ ʧʽʩʣʷ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʜʘʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ñAdd Pointsò 

(ʨʠʩ. 2.26).  

 
ʈʠʩʫʥʦʢ 2.26 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʠʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ, ʽʥʩʪʨʫʤʝʥʪ ñXY Plotò 
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ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩ ʮʽʢʘʚʠʪʴ ʚʽʩʴ ʣʽʚʦʛʦ ʢʘʥʘʣʫ ʚʠʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʫ ʪʦʤʫ 

ʤʠ ʜʦʜʘʻʤʦ ʪʦʯʢʠ ʥʘ ʡʦʛʦ ʦʩʽ. ʇʽʩʣʷ ʚʠʙʦʨʫ ʪʦʯʦʢ ʥʘʪʠʩʢʘʻʤʦ ñPlotò ʪʘ 

ʦʪʨʠʤʘʻʤʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʣʽʚʦʤʫ ʧʘʪʨʫʙʢʫ. 

ʂʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʻ ñIso Volumesò. ʎʝʡ ʽʥʩʪʨʫʤʝʥʪ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ 

ʯʘʩʪʠʥʢʠ ʚ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʣʦʢʘʣʽʟʫʚʘʪʠ 

ʥʘʡʭʦʣʦʜʥʽʰʽ ʦʙʣʘʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʜʦʜʘʻʤʦ ñAdd Iso Volumeò ʪʘ ʚ ʾʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʠʙʠʨʘʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʫʥʢʽʚ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 

10é55ʦʉ (ʨʠʩ. 2.27). ɹʘʯʠʤʦ, ʱʦ ʦʙʣʘʩʪʽ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʟʦʩʝʨʝʜʞʝʥʽ ʙʽʣʷ ʩʪʽʥʦʢ ʩʘʤʦʛʦ ʢʦʣʝʢʪʦʨʘ ʪʘ ʥʘ ʚʠʭʦʜʽ ʽʟ ʧʘʪʨʫʙʢʽʚ. 

 
ʈʠʩʫʥʦʢ 2.27 ï ʆʙʣʘʩʪʽ ʤʦʜʝʣʽ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, 

 ʽʥʩʪʨʫʤʝʥʪ ñIso Volumesò 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘʡʙʽʣʴʰ ʥʘʛʨʽʪ ̔ʦʙʣʘʩʪʽ ʢʦʣʝʢʪʦʨʘ. 

ɼʣʷ ʮʴʦʛʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʶʻʤʦ ʚ ʢʨʘʡʥʻ ʧʨʘʚʝ ʧʦʣʦʞʝʥʥʷ ï 

90ʦʉ,ʘ ʧʦʚʟʫʥʦʢ ʚʠʟʥʘʯʘʣʴʥʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʣʘʚʥʦ ʧʽʜʚʦʜʠʤʦ ʜʦ ʧʨʘʚʦʛʦ 

ʢʨʘʶ ï 70ʦʉ (ʨʠʩ. 2.28). ɹʘʯʠʤʦ, ʱʦ ʦʙʣʘʩʪʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʟʦʩʝʨʝʜʞʝʥʽ ʫ ʚʭʽʜʥʦʤʫ ʧʘʪʨʫʙʮʽ, ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʘʤʦʛʦ ʢʦʣʝʢʪʦʨʘ ʪʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʚʠʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ. 

ʅʘʩʪʫʧʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʜʽʟʥʘʪʠʩʷ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʪʝʧʣʦʚʠʡ ʨʝʞʠʤʠ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ, ʻ ʽʥʩʪʨʫʤʝʥʪ ñWall Calculatorò, ʚʽʥ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʟʦʚʥʽʰʥʶ 

ʧʦʚʝʨʭʥʶ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ. 
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ʈʠʩʫʥʦʢ 2.28 ï ʆʙʣʘʩʪʽ ʤʦʜʝʣʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, 

 ʽʥʩʪʨʫʤʝʥʪ ñIso Volumesò 

ɺʠʙʠʨʘʻʤʦ ʾʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʨʩʦʨʘ ʤʠʰʽ (ʚʦʥʘ ʤʘʻ ʥʦʤʝʨ 24) ʽ ʚʠʜʽʣʷʻʤʦ 

ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2.29): ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ (Average Temperature); 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ (Heat flux) ʷʢʠʡ ʯʝʨʝʟ ʥʝʾ ʧʨʦʭʦʜʠʪʴ ʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʦʛʦ ʱʦ 

ʤʦʜʝʣʴ ʧʨʘʮʶʻ ʢʦʨʝʢʪʥʦ ʧʣʽʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ (Film coefficient). ʅʘʪʠʩʢʘʻʤʦ 

ʢʥʦʧʢʫ ñCalculateò ʪʘ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʫ ʽʥʬʦʨʤʘʮʽʶ:  

¶ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ï 213,84 ʩʤ2; 

¶ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ï 78,0617 ʦʉ; 

¶ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʚʠʙʨʘʥʫ ʧʦʚʝʨʭʥʶ ï 7,27716 ɺʪ; 

¶ ʧʣʽʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ï 5 W/m2/K. 

ɹʘʯʠʤʦ, ʱʦ ʧʣʽʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʦʤʫ ʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ, 

ʱʦ ʻ ʦʜʥʽʻʶ ʟ ʬʦʨʤ ʧʝʨʝʚʽʨʢʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ñPartsò ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʦʩʝʨʝʜʥʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʩʴʦʤʫ ʦʙôʻʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʙʠʨʘʻʤʦ 

ʤʠʰʢʦʶ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʢʦʣʝʢʪʦʨʘ ʪʘ ʥʘʪʠʩʢʘʻʤʦ ñCalculateò (ʨʠʩ. 2.30). 

ʆʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ  ï 5040,1 ʩʤ3; 

¶ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ï 67,087 ʦʉ; 

¶ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ï 90 ʦʉ; 

¶ ʤʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ï 41,0042 ʦʉ. 



30 

 
ʈʠʩʫʥʦʢ 2.29 ï ʊʝʧʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʫ, 

 ʽʥʩʪʨʫʤʝʥʪ ñWall Resultsò 

 

 
ʈʠʩʫʥʦʢ 2.30 ï ʆʩʝʨʝʜʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ,  ʽʥʩʪʨʫʤʝʥʪ ñPartsò 

 

ʆʪʞʝ, ʥʘ ʮʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʤʘʩʦʧʝʨʥʦʩʫ ʪʘ ʦʩʥʦʚʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʡʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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2.4 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ4. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʽʣʴʢʦʭ ʤʦʜʝʣʝʡ 

ʄʝʪʘ ʜʘʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

Autodesk CFD ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ñDecision Centerò. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʜʣʷ ʥʘʦʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʨʽʰʝʥʥʷ ʜʚʦʭ ʨʽʟʥʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ ʚ ʢʦʣʝʢʪʦʨʽ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʚʠʪʨʘʪʠ ʫ ʚʭʽʜʥʦʤʫ ʧʘʪʨʫʙʮʽ ʽʟ 3,0 ʤ/ʩ ʜʦ 1,0 ʤ/ʩ. ɻʝʦʤʝʪʨʽʶ ʤʦʜʝʣʽ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʚʽʟʴʤʝʤʦ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʨʠʢʣʘʜʫ (ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1). Autodesk CFD ʜʦʟʚʦʣʷʻ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ 

ʬʘʡʣʫ ʩʪʚʦʨʠʪʠ ʜʝʢʽʣʴʢʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʦʜʘʚʘʥʥʷ ʨʽʟʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʟʨʦʙʠʤʦ ʢʦʧʽʶ ʥʘʰʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʥʘʪʠʩʥʫʚʰʠ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʫ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʥʘ 

ñScenario 1ò ʪʘ ʚʠʙʨʘʚʰʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʦʧʮʽʶ ñCloneò (ʨʠʩ. 2.31). ʋ 

ʥʦʚʦʤʫ ʚʽʢʥʽ ʜʘʤʦ ʥʘʟʚʫ ʥʦʚʦʤʫ ʩʮʝʥʘʨʽʶ ñScenario 2ò. 

 

 
ʈʠʩʫʥʦʢ 2.31 ï ʂʣʦʥʫʚʘʥʥʷ ʩʮʝʥʘʨʽʶ ʨʦʟʨʘʭʫʥʢʫ 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʠ ʦʪʨʠʤʫʻʤʦ ʢʦʧʽʶ ʥʘʰʦʾ ʟʘʜʘʯʽ ʽ ʤʦʞʝʤʦ ʨʦʟʛʣʷʥʫʪʠ ʽʥʰʠʡ 

ʨʝʞʠʤ ʾʾ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʟʤʽʥʠʤʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ. ɺ 

ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʫ ʜʝʨʝʚʽ ʤʦʜʝʣʝʡ ʟʤʽʥʶʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʫ ʚʭʽʜʥʦʤʫ 

ʧʝʨʝʨʽʟʽ (ʨʠʩ. 2.32). ɿʘʜʘʻʤʦ ʰʚʠʜʢʽʩʪʴ ñVelocity Magnitudeò 3,0 ʤ/ʩ. 
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ʈʠʩʫʥʦʢ 2.32 ï ʇʨʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ 

 

ɼʘʣʽ ʧʝʨʝʭʦʜʠʤʦ ʚ ʨʦʟʜʽʣ ñSolveò ʪʘ ʧʝʨʝʚʽʨʠʚʰʠ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʦʧʮʽʾ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʯʠʥʘʻʤʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ (ʨʠʩ. 2.33). 

 
ʈʠʩʫʥʦʢ 2.33 ï ɺʽʢʥʦ ñSolveò 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʝʤʦ ʧʝʨʝʡʪʠ ʜʦ ʾʭ ʘʥʘʣʽʟʫ, ʷʢ ʙʫʣʦ 

ʥʘʚʝʜʝʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ˉ2 (ʨʠʩ. 2.34). ʋ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʠʢʘʪʠʩʴ ʤʽʞ ʜʚʦʤʘ ʩʮʝʥʘʨʽʷʤʠ. 
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ʈʠʩʫʥʦʢ 2.34 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ Scenario 2 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʜʚʦʭ ʩʮʝʥʘʨʽʾʚ 

ʥʝʦʙʭʽʜʥʦ ʾʭ ʝʢʩʧʦʨʪʫʚʘʪʠ ʚ ñDecision Centerò. ɼʣʷ ʮʴʦʛʦ ʚʠʙʠʨʘʻʤʦ ʚ 

ʽʥʩʪʨʫʤʝʥʪʽ ñGlobalò ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʨʽʙʥʝ ʚʠʜʦʚʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

(ʨʠʩ. 2.34). ʅʘʪʠʩʢʘʻʤʦ ñSummary Imageò. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʩʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʜʦʚʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʽʥʩʪʨʫʤʝʥʪʽ ñDecision Centerò (ʨʠʩ. 2.35). 

ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʚʠʙʠʨʘʻʤʦ ʟʙʝʨʝʞʝʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ñImage 01ò ʪʘ ʦʥʦʚʣʶʻʤʦ 

ʡʦʛʦ. 

 
ʈʠʩʫʥʦʢ 2.35 ï ɯʥʩʪʨʫʤʝʥʪ ñDecision Centerò 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʫ ʚʽʢʥʽ ʚʽʜʦʙʨʘʟʠʣʘʩʴ ʤʦʜʝʣʴ ʫ ʪʦʤʫ ʚʠʛʣʷʜʽ ʚ ʷʢʦʤʫ ʤʠ ʾʾ 

ʥʘʣʘʰʪʫʚʘʣʠ (ʨʠʩ. 2.35). ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʫʥʢʘ ʤʦʞʥʘ ʰʚʠʜʢʦ ʧʝʨʝʤʠʢʘʪʠʩʷ 

ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʦʭ ʩʮʝʥʘʨʽʾʚ. 

 
ʈʠʩʫʥʦʢ 2.36 ï ʇʦʨʽʚʥʷʥʥʷ ʩʮʝʥʘʨʽʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ñDecision Centerò 

ɼʣʷ ʜʘʥʦʛʦ ʚʠʜʦʚʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ CFD ʚʠʟʥʘʯʠʚ ʻʜʠʥʫ ʰʢʘʣʫ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʦʙʦʭ ʩʮʝʥʘʨʽʾʚ, ʩʠʥʭʨʦʥʥʫ ʟʤʽʥʫ ʧʦʣʦʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʤʦʜʝʣʽ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. 

ɻʨʘʬʽʯʥʝ ʚʽʢʥʦ ñDecision Centerò ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʫ ʢʦʞʥʽʡ ʟ 

ʷʢʠʭ ʚʽʜʦʙʨʘʟʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʦʢʨʝʤʦʛʦ ʩʮʝʥʘʨʽʶ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʡʪʠ ʫ ʩʪʨʽʯʮʽ ʥʘ ʚʢʣʘʜʢʫ ñViewò ʽ ʚ ʨʦʟʜʽʣʽ ñViewportsò ʨʦʟʜʽʣʠʪʠ 

ʚʽʢʥʦ ʧʦ ʚʝʨʪʠʢʘʣʽ ʘʙʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ (ʨʠʩ. 2.37). ʊʝʧʝʨ ʤʠ ʦʪʨʠʤʫʻʤʦ ʣʽʚʦʨʫʯ ʪʘ 

ʧʨʘʚʦʨʫʯ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʚʦʭ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʪʘ ʤʦʞʝʤʦ ʧʝʨʝʤʠʢʘʪʠʩʴ 

ʤʽʞ ʥʠʤʠ. 

ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʚʠʜʦʚʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚʦʥʠ ʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ ʚ ʦʙʦʭ ʚʽʢʥʘʭ, 

ʧʦʚʝʨʪʘʶʯʠ ʤʦʜʝʣʴ ʚ ʦʜʥʦʤʫ ʚʽʢʥʽ ʚ ʽʥʰʦʤʫ ʚʽʢʥʽ ʚʦʥʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ, 

ʪʝ ʞ ʩʘʤʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʪʘ ʧʘʥʦʨʘʤʫʚʘʥʥʽ. 

ɸʥʘʣʦʛʽʯʥʦ, ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʡ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ. ʅʘ ʨʠʩ. 2.38 

ʥʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʢʦʣʝʢʪʦʨʽ ʧʨʠ ʜʚʦʭ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ. ʊʘʢ ʩʘʤʦ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʯʘʩʪʠʥʦʢ, ʧʘʨʘʤʝʪʨʠ ISO-ʧʦʚʝʨʭʦʥʴ, ISO-ʦʙôʻʤʽʚ ʪʘ ʽʥ. ʊʘʢʝ ʩʠʥʭʨʦʥʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʥʘʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ 

ʩʮʝʥʘʨʽʷʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʨʦʚʦʜʠʪʠ ʾʭ ʦʜʥʦʯʘʩʥʠʡ ʘʥʘʣʽʟ. 
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ʈʠʩʫʥʦʢ 2.37 ï ʇʦʨʽʚʥʷʥʥʷ ʩʮʝʥʘʨʽʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ñViewportsò 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʫ ʜʘʥ̔ʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚ 

ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʬʘʡʣʫ ʤʦʜʝʣʽ ʩʪʚʦʨʠʪʠ ʢʽʣʴʢʘ ʩʮʝʥʘʨʽʾʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʧʨʦʚʦʜʠʪʠ ʾʭ ʩʫʤʽʩʥʠʡ ʘʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ñDecision Centreò. 

 

 
ʈʠʩʫʥʦʢ 2.38 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʧʝʨʝʨʽʟʫ ʢʦʣʝʢʪʦʨʘ 
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2.5 ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ5. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʟ ʚʽʣʴʥʦʶ 

ʧʦʚʝʨʭʥʝʶ 

ɼʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʠʪʘʥʥʶ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʟ 

ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʨʫʭ ʧʦʪʦʢʫ ʚ ʤʝʞʘʭ ʚʦʜʦʟʣʠʚʫ ʟ 

ʪʦʥʢʦʶ ʩʪʽʥʢʦʶ (ʨʠʩ. 2.39). ɺʦʜʘ ʥʘʜʭʦʜʠʪʴ ʫ ʣʦʪʦʢ ʟʥʠʟʫ ʣʽʚʦʾ ʚʭʽʜʥʦʾ ʯʘʩʪʠʥʠ, 

ʧʝʨʝʣʠʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʦʜʦʟʣʠʚ ʟ ʪʦʥʢʦʶ ʩʪʽʥʢʦʶ ʪʘ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʩʧʫʩʢ ʫ 

ʢʽʥʮʝʚʽʡ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʣʦʪʢʘ. 

ɻʝʦʤʝʪʨʠʯʥʘ 3Dʤʦʜʝʣʴ ʧʽʜʛʦʪʦʚʣʝʥʦ Autodesk Inventor ʪʘ ʾʾ ʤʦʞʝʤʦ 

ʝʢʩʧʦʨʪʫʚʘʪʠ ʜʦ Autodesk CFD ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʣʘʙʦʨʘʪʦʨʥʦʶ ʨʦʙʦʪʦʶ ˉ1. 

 

 
ʈʠʩʫʥʦʢ 2.39 ï ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʦʾ ʪʝʧʣʦʚʦʾ ʫʤʦʚ ʫ ʚʭʽʜʥʦʤʫ ʧʝʨʝʨʽʟʽ 

 

ʇʨʠʟʥʘʯʘʻʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ: ʤʘʪʝʨʽʘʣ ʩʘʤʦʛʦ ʣʦʪʢʘ ï ʩʢʣʦ, ʩʘʤʘ 

ʚʦʜʦʟʣʠʚʥʘ ʩʪʽʥʢʘ ï ʥʝʨʞʘʚʽʶʯʠʡ ʤʝʪʘʣ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʩʘʤʝ ʩʝʨʝʜʦʚʠʱʝ ʜʝ ʙʫʜʝ 

ʤʦʜʝʣʶʚʘʪʠʩʷ ʧʦʪʽʢ ï ʚʦʜʘ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʢʥʦ ʨʝʜʘʢʪʦʨʘ 

ʤʘʪʝʨʽʘʣʽʚ (ʨʠʩ. 2.40). 
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ʈʠʩʫʥʦʢ 2.40 ï ʇʨʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʦʤʝʪʨʠʯʥʠʤ ʧʨʠʤʽʪʠʚʘʤ 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʟʘʜʘʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʋ ʥʘʩ ʙʫʜʝ ʦʜʥʘ ʛʨʘʥʠʯʥʘ 

ʫʤʦʚʘ ï ʥʘ ʧʦʯʘʪʢʫ ʣʦʪʢʘ ʟʘʜʘʻʤʦ ʚʭʽʜʥʫ ʚʠʪʨʘʪʫ 3600 ʣ/ʭʚ, ʜʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʽʥʩʪʨʫʤʝʥʪ ñBoundary Conditionsò (ʨʠʩ. 2.41). 

 

 
ʈʠʩʫʥʦʢ 2.41 ï ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 
















