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ȼ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ Űɖ ɛŮɚɏŰɖ Űɖɠ ɟɞɐɠ ůŰɖɜ 

ˊŰŮɟɤŰɐ űɡɔɞəŮɜŰɟɘəɐɠ ŬɜŰɚɑŬɠ ɜŮɟɞɨ, ɛŮ Űɖ ɢɟɐůɖ ŮɚŮɨɗŮɟɤɜ ɚɞɔɘůɛɘəɩɜ 

ŬɜɞɘəŰɞɨ əɩŭɘəŬ. ɇɞ əŮɜŰɟɘəɧ ɚɞɔɘůɛɘəɧ ˊŬəɏŰɞ ɡˊɞɚɞɔɘůŰɘəɐɠ 

ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɟɘɗɛɖŰɘəɐ Ůˊɑɚɡůɖ ŮɑɜŬɘ Űɞ 

OpenFOAM. ũɘŬ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ, ́ɟɞůŰɑɗŮŰŬɘ ůŰɘɠ ɐŭɖ 

ɡˊɎɟɢɞɡůŮɠ ɓɘɓɚɘɞɗɐəŮɠ Űɞɡ əŬɘ ɖ ɓɘɓɚɘɞɗɐəɖ ŬɜɞɘəŰɞɨ əɩŭɘəŬ, ŬɡŰɧɛŬŰɖɠ 

ɔɏɜŮůɖɠ ˊɚŮɔɛɎŰɤɜ: cfMesh. ɄɏɟŬ Ŭˊɧ ŬɡŰɎ ŰŬ ŭɨɞ ɓŬůɘəɎ ŮɟɔŬɚŮɑŬ, 

ŬɝɘɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ɞɘ ˊɚŬŰűɧɟɛŮɠ SALOME əŬɘ ParaView, ɔɘŬ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ 

Űɖɠ ˊɟɞ- əŬɘ Űɖɠ ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ ŬɜŰɑůŰɞɘɢŬ. ɀɏɢɟɘ ˊɟɧŰɘɜɞɠ, Űɞ ŮɟɔŬůŰɐɟɘɞ 

Űɤɜ ɈŭɟɞŭɡɜŬɛɘəɩɜ ɀɖɢŬɜɩɜ (ȺɈɀ) Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɞɓɑɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨůŮ Űɞ Ůɛˊɞɟɘəɧ ɚɞɔɘůɛɘəɧ ANSYS Fluent, ɔɘŬ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ŮűŬɟɛɞɔɏɠ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ɧɛɤɠ, ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ OpenFOAM, ůɢŮŰɘəɎ 

ɛŮ Űɘɠ ŭɡɜŬŰɧŰɖŰɏɠ Űɞɡ, Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɩɜ Űɞɡ əŬɘ Űɞ ɛɖŭŮɜɘəɧ 

Űɞɡ əɧůŰɞɠ, ŬɚɚɎ əŬɘ ɖ ŮɡɟŮɑŬ əŬɘ ŬɡɝŬɜɧɛŮɜɖ ɢɟɐůɖ Űɞɡ Ŭˊɧ ɛŮɔɎɚŮɠ ŮŰŬɘɟŮɑŮɠ 

əŬɘ ˊɞɚɚɎ ˊŬɜŮˊɘůŰɐɛɘŬ, ŭɖɛɘɞɡɟɔɞɨɜ Űɖɜ ŬɜɎɔəɖ ŭɘŮɟŮɨɜɖůɖɠ əŬɘ əŬŰŬɜɧɖůɖɠ 

Űɤɜ ɓŬůɘəɩɜ ŭɘŮɟɔŬůɘɩɜ əŬɘ ŮɟɔŬɚŮɑɤɜ Űɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ɖ 

əŬŰŬɚɚɖɚɧŰɖŰɎ Űɞɡ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŮ ɡŭɟɞŭɡɜŬɛɘəɏɠ ɛɖɢŬɜɏɠ. 

ȷɡŰɐ ɖ ȺɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ Űɖ ŭŮɨŰŮɟɖ ȹɘˊɚɤɛŬŰɘəɐ ˊɞɡ ŮəˊɞɜŮɑŰŬɘ ůŰɞ ȺɈɀ ɛŮ 

ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ OpenFOAM. ȾɎɜŮɘ Űɖ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ 

ɟɞɐɠ ůŮ ɟɡɗɛɘůŰɘəɐ ɓŬɚɓɑŭŬ, ůŰɖɜ Ůˊɑɚɡůɖ Űɖɠ ɟɞɐɠ ɔɨɟɤ Ŭˊɧ ˊŮɟɘůŰɟŮűɧɛŮɜɞ 

ˊŰŮɟɨɔɘɞ űɡɔɞəŮɜŰɟɘəɐɠ ŬɜŰɚɑŬɠ əŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɚŮɔɛɎŰɤɜ ůŰɞ ANSYS 

Fluent, ůŰɖɜ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ ɛɏůɤ cfMesh. ȽŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ŭɑɜŮŰŬɘ ůŰɖ 

ɔŮɜɘəɐ ŭɞɛɐ əŬɘ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ OpenFOAM əŬɘ cfMesh, ŬɚɚɎ əŬɘ 

ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ůŰɞɘɢŮɑŬ, ɧůɞɜ ŬűɞɟɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŮ 
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ˊŮɟɘůŰɟŮűɧɛŮɜɞ ˊɚŬɑůɘɞ. ɄŮɟɘɔɟɎűŮŰŬɘ ŭɘŮɝɞŭɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ əŬɘ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ Ůˊɑɚɡůɖɠ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ 

ůɢɞɚɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ˊŮŭɑɞɡ ɟɞɐɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ. ɆɡɔəɟɑɜɞɜŰŬɘ 

ɛŮ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ Ůˊɘəɨɟɤůɖɠ Űɖɠ ɚɨůɖɠ, ɛŮ ŰŬ ɞˊɞɑŬ ůɡɛűɤɜɞɨɜ 

ɘəŬɜɞˊɞɘɖŰɘəɎ əŬɘ ŰŮɚɘəɎ ŮˊŬɚɖɗŮɨŮŰŬɘ ɖ ŬɝɘɞˊɘůŰɑŬ əŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ 

ɚɞɔɘůɛɘəɩɜ.    
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Abstract 

 

This Diploma Thesis studies the flow through the impeller of a centrifugal water 

pump, using free open source software. OpenFOAM is the leading open source 

computational fluid dynamics toolbox, used for the numerical calculation of the 

flow. Concerning the meshing process, cfMesh, an open source library for 

automatic mesh generation, is built on top of OpenFOAM. In addition to 

OpenFOAM and cfMesh, SALOME and ParaView are also needed, regarding 

the pre- and post-processing procedures respectively. Thus far, all similar 

projects undertaken by the laboratory of Hydraulic Machines of the National 

Technical University of Athens, were based on the usage of the commercial 

CFD software ANSYS Fluent. However, the significant advantages, that 

OpenFOAM has to offer over other CFD tools, in respect of its capabilities, the 

trust that it has gained along the years, its zero costs and the expand of its 

usage among commercial and academic organizations, create the need to 

explore and understand its fundamental operations and utilities and ascertain 

whether it is suitable for hydraulic machine simulations or not. This particular 

dissertation is the second project conducted by the laboratory of Hydraulic 

Machines, that includes the usage of the OpenFOAM toolbox. It makes the 

transition from the numerical analysis of the flow in a globe valve, to the 

computational resolution of the flow around the rotating blade of a centrifugal 

pump. Simultaneously, it makes the transition from ANSYS Fluent to cfMesh, 

with reference to the mesh generation. Special attention is drawn to the general 

structure and primary operations of OpenFOAM and cfMesh, in conjunction with 

their key features, relevant to single rotating frame of reference applications. 

Through this essay, the meshing process and the setup of the resolution of the 
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flow are thoroughly described. The results derived from the simulation are 

presented and accordingly annotated. They are successfully compared to the 

validation data available as required, verifying the credibility and the accuracy of 

the software.    
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ȷɜŰɑ Ʉɟɞɚɧɔɞɡ 

ɀŮ Űɖɜ ŮɡəŬɘɟɑŬ Űɖɠ ˊŮɟɎŰɤůɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ȺɟɔŬůɑŬɠ, ˊɞɡ ůɖÕŬŰɞŭɞŰŮɑ əŬɘ 

Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ ˊɟɞˊŰɡɢɘŬəɩɜ ůˊɞɡŭɩɜ Õɞɡ ůŰɞ Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ 

ɄɞɚɡŰŮɢɜŮɑɞ, ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɘɠ ɗŮɟÕɏɠ əŬɘ ŮɘɚɘəɟɘɜŮɑɠ Õɞɡ ŮɡɢŬɟɘůŰɑŮɠ 

ˊɟɞɠ ɧɚɞɡɠ ɧůɞɡɠ ɓɞɐɗɖůŬɜ ůŰɖɜ ˊɟɞůˊɎɗŮɘɎ Õɞɡ ŬɡŰɐ. ɄɟɩŰɞ Ŭˊɧ ɧɚɞɡɠ 

ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ ȾŬɗɖɔɖŰɐ Űɖɠ ȹɘˊɚɤÕŬŰɘəɐɠ Õɞɡ 

ȺɟɔŬůɑŬɠ ȽɤɎɜɜɖ ȷɜŬɔɜɤůŰɧˊɞɡɚɞ, ɔɘŬ Űɖɜ əŬɗɞŭɐɔɖůɖ ˊɞɡ Õɞɡ ˊɟɞůɏűŮɟŮ 

əŬɗȭ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ ÕŬɠ. Ⱥˊɘˊɚɏɞɜ, Űɞɡɠ ɡˊɞɣɐűɘɞɡɠ 

ŭɘŭɎəŰɞɟŮɠ ũŮɩɟɔɘɞ ɀɞɡůɛɞɨɚɖ, ȽɤɎɜɜɖ ȾŬůůɎɜɞ əŬɘ ȾɤɜůŰŬɜŰɑɜɞ ȷɟɓŬɜɑŰɖ 

ɔɘŬ Űɘɠ ˊɞɚɨŰɘÕŮɠ ůɡÕɓɞɡɚɏɠ Űɞɡɠ, Űɞ ɢɟɧɜɞ ˊɞɡ Õɞɡ ŭɘɏɗŮůŬɜ, Űɖɜ ŮɡɢɎɟɘůŰɖ 

ŬŰÕɧůűŬɘɟŬ əŬɘ Űɖɜ ɡˊɞÕɞɜɐ Űɞɡɠ.  
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1. ȺɘůŬɔɤɔɐ 

 

1.1. ȷɜŰɚɑŮɠ 

ȷɜŰɚɑŮɠ, ɞɜɞɛɎɕɞɜŰŬɘ ɞɘ ɛɖɢŬɜɏɠ ˊɞɡ ŮɜŬɚɚɎůůɞɡɜ Űɖ ɛɖɢŬɜɘəɐ ŮɜɏɟɔŮɘŬ, ˊɞɡ 

ɛŮŰŬŭɑŭŮɘ ɞ əɘɜɖŰɐɟŬɠ ɛɏůɤ Űɖɠ ŬŰɟɎəŰɞɡ, ůŮ ŭɡɜŬɛɘəɐ əŬɘ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɞɡ 

ɟŮɡůŰɞɨ ˊɞɡ ŭɘŬəɘɜɞɨɜ. Ɇəɞˊɧɠ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɎ ɟŮɡůŰɩɜ 

(ɧˊɤɠ ɜŮɟɞɨ, ɚŬŭɘɞɨ, ˊŬɟŬɔɩɔɤɜ Űɞɡ ˊŮŰɟŮɚŬɑɞɡ, ɔɎɚŬəŰɞɠ, ŬɏɟŬ, ŬŰɛɞɨ, 

əŬɡůŬŮɟɑɞɡ, əɚˊ) Ŭˊɧ ɛɑŬ ŭŮɝŬɛŮɜɐ ůŮ ɛɑŬ Ɏɚɚɖ. ȼ ŭŮɨŰŮɟɖ ŭŮɝŬɛŮɜɐ ůɡɜɐɗɤɠ 

ɓɟɑůəŮŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɖ ůŰɎɗɛɖ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɩŰɖ. ɋɠ ŭŮɝŬɛŮɜɐ, ɛˊɞɟŮɑ 

ɜŬ ɗŮɤɟɖɗŮɑ ɛɑŬ ɚɑɛɜɖ, ɏɜŬɠ ˊɞŰŬɛɧɠ, ɏɜŬ ŭɞɢŮɑɞ ˊɑŮůɖɠ, əɚˊ. ũɘŬ Űɖ ŭɘŬəɑɜɖůɖ 

Űɞɡ ɟŮɡůŰɞɨ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŭŮɝŬɛŮɜɩɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɤɚɐɜɤůɖ, ɛŮ 

ˊŬɟŮɛɓɞɚɐ ɛɑŬɠ ŬɜŰɚɑŬɠ. ȼ ŭɘŬŰɞɛɐ Ůɘůɧŭɞɡ (ŬɜŬɟɟɧűɖůɖ) ůɡɜŭɏŮŰŬɘ ˊɟɞɠ Űɖɜ 

ˊɚŮɡɟɎ Űɖɠ ŭŮɝŬɛŮɜɐɠ, Ŭˊɧ ɧˊɞɡ ɔɑɜŮŰŬɘ ɖ ŬɜŬɟɟɧűɖůɖ Űɖɠ ɟɞɐɠ, əŬɘ ɖ 

ŭɘŬŰɞɛɐ Ůɝɧŭɞɡ (əŬŰɎɗɚɘɣɖ) ɛŮ Űɖ ŭŮɝŬɛŮɜɐ ˊɟɞɠ Űɖɜ ɞˊɞɑŬ əŬŰŬɗɚɑɓŮŰŬɘ Űɞ 

ɟŮɡůŰɧ. ȼ ŭɘɎŰŬɝɖ ɛɑŬɠ Ŭˊɚɐɠ ŬɜŰɚɘŰɘəɐɠ ŮɔəŬŰɎůŰŬůɖɠ, ɧˊɤɠ ŬɡŰɐ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ, űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2. ȼ ŬɜŰɚɑŬ ˊɟɞůŭɑŭŮɘ ŮɜɏɟɔŮɘŬ ůŰɞ 

ŭɘŬəɘɜɞɨɛŮɜɞ ɛɏůɞ. ȼ ŮɜɏɟɔŮɘŬ ŬɡŰɐ ŬɜŰɘůŰɞɘɢŮɑ: 

¶ ůŰɖɜ ŮɜŮɟɔŮɘŬəɐ ŬɜŬɓɎɗɛɘůɖ Űɞɡ ɟŮɡůŰɞɨ ɛŮŰŬɝɨ Űɖɠ ŭŮɝŬɛŮɜɐɠ 

əŬŰɎɗɚɘɣɖɠ əŬɘ Űɖɠ ŭŮɝŬɛŮɜɐɠ ŬɜŬɟɟɧűɖůɖɠ (ɚɧɔɤ ŭɘŬűɞɟɎɠ ůŰɎɗɛɖɠ 

əŬɘ ŭɘŬűɞɟɎɠ ůŰŬŰɘəɐɠ ˊɑŮůɖɠ) əŬɘ  

¶ ůŰɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ŭŬˊŬɜɎŰŬɘ, ɚɧɔɤ Űɤɜ ŬˊɤɚŮɘɩɜ ůŰɘɠ ůɤɚɖɜɩůŮɘɠ. 

 

ɆɢɐɛŬ 1: ȹɘɎŰŬɝɖ Ŭˊɚɐɠ ŬɜŰɚɘŰɘəɐɠ ŮɔəŬŰɎůŰŬůɖɠ. 

ȹɨɞ ŮɑɜŬɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɘɠ ŬɜŰɚɑŮɠ: 

¶ ɖ ɟɞɐ Űɞɡ ɟŮɡůŰɞɨ, ɛɏůɤ Űɖɠ ůŰŬɗŮɟɐɠ ɟɞɐɠ ɛɎɕŬɠ (ůŮ ɏɜŬ ɛɧɜɘɛɞ 

ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ) əŬɘ 
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¶ ɖ ůŰŬɗŮɟɐ ˊŮɟɘůŰɟɞűɘəɐ əɑɜɖůɖ. ɀɏůɤ ŬɡŰɐɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɛŮŰŬűɞɟɎ 

Űɖɠ ɛɖɢŬɜɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɠ ůŰɟŮˊŰɘəɐɠ ɟɞˊɐɠ ɀ, ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ 

ůŰɖɜ ɎŰɟŬəŰɞ, ůŰɟŮűɧɛŮɜɖ ɛŮ ůŰŬɗŮɟɐ ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ ɤ (ὶὥὨίϳ).    

Ƀɘ ŬɜŰɚɑŮɠ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ŮɟɔɞůŰɟɞɓɘɚɞɛɖɢŬɜɩɜ. ɆŮ ŬɡŰɏɠ, ɖ 

ɟɞˊɐ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɖɜ ́ŰŮɟɤŰɐ ŮɑɜŬɘ ŬɜɗɘůŰɎɛŮɜɖ əŬɘ, ɔɘŬ Űɖɜ 

ˊŮɟɘůŰɟɞűɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ůŰŬɗŮɟɐ ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ ɤ, ɗŬ ˊɟɏˊŮɘ ɖ 

ŬɜɗɘůŰɎɛŮɜɖ ɟɞˊɐ ɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ əɘɜɖŰɐɟɘŬ ɟɞˊɐ Űɞɡ ůɡɜŭŮŭŮɛɏɜɞɡ 

əɘɜɖŰɐɟŬ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ, Űɞ ɟŮɡůŰɧ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ 

ˊŰŮɟɤŰɐ ɢɤɟɑɠ ůɡůŰɟɞűɐ, ŬɚɚɎ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ ŬɡŰɐ ɛŮ ɛɑŬ Űɘɛɐ ůɡůŰɟɞűɐɠ, ɤɠ 

ˊɟɞɠ Űɞɜ ɎɝɞɜŬ Űɖɠ ůŰɟŮűɧɛŮɜɖɠ ˊŰŮɟɤŰɐɠ. ȼ ůɡůŰɟɞűɐ Ůɝɧŭɞɡ ůɡɜŭɏŮŰŬɘ 

ɎɛŮůŬ ɛŮ Űɖɜ ŬɜɎ ɛɞɜɎŭŬ ɛɎɕŬɠ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊɟɞůŭɑŭŮɘ ɖ ˊŰŮɟɤŰɐ ůŰɞ 

ɟŮɡůŰɧ. 

ȼ ŮɜŮɟɔŮɘŬəɐ ɛŮŰŬŰɟɞˊɐ ůŰɘɠ ŬɜŰɚɑŮɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɧɜɞ Ŭˊɧ Űɖɜ ˊŰŮɟɤŰɐ, 

ůɨɛűɤɜŬ ɛŮ Űɞ ɗŮɩɟɖɛŬ Űɖɠ ůɡůŰɟɞűɐɠ. ɄɏɟŬ ɧɛɤɠ Ŭˊɧ Űɖɜ ˊŰŮɟɤŰɐ 

(impeller), ɛɑŬ ŬɜŰɚɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ŬəɧɛŬ Ŭˊɧ: 

¶ Űɞ ŰɛɐɛŬ Ůɘůɧŭɞɡ (inlet tube), ˊɞɡ ŮɝŬůűŬɚɑɕŮɘ Űɖɜ ɞŭɐɔɖůɖ Űɞɡ 

ɟŮɡůŰɞɨ Ŭˊɧ Űɖ ŭɘŬŰɞɛɐ Ůɘůɧŭɞɡ Űɖɠ ɛɖɢŬɜɐɠ ɛɏɢɟɘ Űɖ ŭɘŬŰɞɛɐ 

Ůɘůɧŭɞɡ Űɖɠ ˊŰŮɟɤŰɐɠ əŬɘ 

¶ Űɞ ŰɛɐɛŬ Ůɝɧŭɞɡ (volute), ˊɞɡ ůɡɚɚɏɔŮɘ Űɞ ɟŮɡůŰɧ ˊɞɡ ŮɝɏɟɢŮŰŬɘ Ŭˊɧ 

Űɖɜ ˊŰŮɟɤŰɐ əŬɘ Űɞ ɞŭɖɔŮɑ ůŰɖ ŭɘŬŰɞɛɐ Ůɝɧŭɞɡ Űɖɠ ɛɖɢŬɜɐɠ. ȼ 

əŬɗɞŭɐɔɖůɖ Űɞɡ ɟŮɡůŰɞɨ əŬŰɎ Űɖɜ ɏɝɞŭɞ, ɔɑɜŮŰŬɘ ɛŮ ˊŬɟɎɚɚɖɚɖ 

ŬɜɎəŰɖůɖ Űɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ŮɜɏɟɔŮɘŬ ŮɜŰŬŰɘəɐɠ əŬŰɎůŰŬůɖɠ. 

ɇɞ ɟŮɡůŰɧ ˊɟɏˊŮɘ ɜŬ ŮˊɘɓɟŬŭɡɜɗŮɑ ɛɏɢɟɘ Űɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ, ˊɞɡ 

ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ůŰɖ ŭɘŬŰɞɛɐ Ůɝɧŭɞɡ. 

ȸɏɓŬɘŬ, ɔɘŬ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɖɢŬɜɐɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢɞɡɜ 

Ůˊɘˊɚɏɞɜ əɞɛɛɎŰɘŬ, ŰŬ ɞˊɞɑŬ ɗŬ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ɞɛŬɚɐ ůɡɜŮɟɔŬůɑŬ ɛŮŰŬɝɨ 

Űɤɜ ɓŬůɘəɩɜ Űɟɘɩɜ ŰɛɖɛɎŰɤɜ Űɖɠ ŬɜŰɚɑŬɠ. ɇɏŰɞɘŬ ɛɏɟɖ ŮɑɜŬɘ Űɞ ŮɝɤŰŮɟɘəɧ 

əɏɚɡűɞɠ ɔɘŬ Űɖ ůŰŮɔŬɜɧŰɖŰŬ Űɖɠ ɛɖɢŬɜɐɠ, ɖ ůŰɟŮűɧɛŮɜɖ ɎŰɟŬəŰɞɠ ɔɘŬ Űɖ 

ɛŮŰŬűɞɟɎ Űɖɠ ɛɖɢŬɜɘəɐɠ ɟɞˊɐɠ, ŰŬ ɏŭɟŬɜŬ Űɖɠ ŬŰɟɎəŰɞɡ, əɚˊ.  

ũɘŬ Űɖɜ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ˊŰŮɟɤŰɐɠ, ɗŬ ˊɟɏˊŮɘ Űɞ ŰɛɐɛŬ Ůɘůɧŭɞɡ ɜŬ 

ŮɝŬůűŬɚɑɕŮɘ Űɖɜ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ɞɛɞɘɞɛɞɟűɑŬ Űɖɠ ɟɞɐɠ ůŰɖ ŭɘŬŰɞɛɐ Ůɘůɧŭɞɡ 

Űɖɠ ˊŰŮɟɤŰɐɠ. ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɞɡ ɟŮɡůŰɞɨ əŬŰɎ Űɖɜ 

ˊŮɟɘűɏɟŮɘŬ Űɖɠ ˊŰŮɟɤŰɐɠ. 

ȼ ŬˊɧɚɡŰɖ ŰŬɢɨŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ ůŰɖ ŭɘŬŰɞɛɐ Ůɝɧŭɞɡ Űɖɠ ˊŰŮɟɤŰɐɠ ŮɑɜŬɘ 

ůɢŮŰɘəɎ ɡɣɖɚɐ. ȳɛɤɠ, ɖ ŰŬɢɨŰɖŰŬ ůŰɖ ŭɘŬŰɞɛɐ Ůɝɧŭɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ Űɖɠ ɑŭɘŬɠ 

ŰɎɝɖɠ ɛŮɔɏɗɞɡɠ ɛŮ Űɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɖɠ ɟɞɐɠ ůŮ ůɤɚɖɜɩůŮɘɠ. ȹɘŬűɞɟŮŰɘəɎ, ɞɘ 

ɡŭɟŬɡɚɘəɏɠ ŬˊɩɚŮɘŮɠ ůŰɖ ůɤɚɐɜɤůɖ ɔɑɜɞɜŰŬɘ ɡˊŮɟɓɞɚɘəɎ ɛŮɔɎɚŮɠ. ȯɟŬ, 

ˊɟɎɔɛŬŰɘ ɖ ůɡɚɚɞɔɐ Űɞɡ ɟŮɡůŰɞɨ əŬŰɎ Űɖɜ ˊŮɟɘűɏɟŮɘŬ Űɖɠ ˊŰŮɟɤŰɐɠ ˊɟɏˊŮɘ ɜŬ 
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ɔɑɜŮŰŬɘ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ɞɛɞɘɧɛɞɟűŬ ůŰɖɜ ˊŮɟɘűŮɟŮɘŬəɐ ŭɘŮɨɗɡɜůɖ. ɄɟɏˊŮɘ ɜŬ 

ɔɑɜŮŰŬɘ ɛŮ ŰɏŰɞɘɞɜ Űɟɧˊɞ, ɩůŰŮ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ŰɛɐɛŬŰɞɠ Ůɝɧŭɞɡ ɜŬ ɛɖɜ 

ŮɸȄȍŮǼȃŮȆ ŰȄ ȍȌǾ ůŰȌ ŮůȒŰŮȍȆȇȕ ŰȄȎ ɸŰŮȍȒŰǾȎ, ŰȌȏȈǼȐȆůŰȌȊ ȂȆŬ ŰȆȎ ɸŬȍȌȐǽȎ 

əɞɜŰɎ ůŰɘɠ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɛɖɢŬɜɐɠ. Ƀɘ ŬɜɎɔəŮɠ ŬɡŰɏɠ ɔɘŬ 

Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŰɛɐɛŬŰɞɠ Ůɝɧŭɞɡ Űɖɠ ŬɜŰɚɑŬɠ, ŬˊŬɘŰɞɨɜ Űɖ ŭɘŬɛɧɟűɤůɖ Ůɜɧɠ 

ˊɟɞŰɨˊɞɡ ůˊŮɘɟɞŮɘŭɞɨɠ əŮɚɨűɞɡɠ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ ŮˊɘɓɟɎŭɡɜůɖ Űɖɠ ɟɞɐɠ ɔɑɜŮŰŬɘ ůŰŬŭɘŬəɎ əŬɘ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ 

Űɖɜ ŬɜɎəŰɖůɖ Űɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ůŰŬŰɘəɐ ˊɑŮůɖ. 

Ƀɘ ŬɜŰɚɑŮɠ ɛŮ əŮɚɨűɖ ůˊŮɘɟɞŮɘŭɞɨɠ ɛɞɟűɐɠ (ɓɚ. ɆɢɐɛŬ 3) ŬˊɞŰŮɚɞɨɜ Űɞɜ ˊɚɏɞɜ 

ůɡɜɐɗɖ Űɨˊɞ ŬɜŰɚɘɩɜ ɔŮɜɘəɐɠ ɢɟɐůŮɤɠ. ɇɏŰɞɘŮɠ ŬɜŰɚɑŮɠ ŮɑɜŬɘ ŰɡˊɞˊɞɘɖɛɏɜŮɠ ɔɘŬ 

ůɢŮŰɘəɎ ɛɘəɟɎ ɛŮɔɏɗɖ.      

 

ɆɢɐɛŬ 2: ȹɘɎŰŬɝɖ ŬɜŰɚɑŬɠ ŬəŰɘɜɘəɐɠ ɟɞɐɠ. 

ɄŬɟɧɚɞ ˊɞɡ ɞɘ ůɨɔɢɟɞɜŮɠ ŬɜŰɚɑŮɠ ɏɢɞɡɜ űŰɎůŮɘ ůŮ ɞɟɘŬəɎ ɡɣɖɚɎ ŮˊɑˊŮŭŬ, Ŭˊɧ 

ˊɚŮɡɟɎɠ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɞɚɘəɞɨɠ ɓŬɗɛɞɨɠ Ŭˊɧŭɞůɖɠ ɛɏɢɟɘ 

əŬɘ 94,5%, ɡˊɎɟɢŮɘ ŬəɧɛŬ ɖ ŬɜɎɔəɖ ɔɘŬ ɛŮɚɏŰɖ əŬɘ ŭɘŮɟŮɨɜɖůɖ Űɞɡ ɗɏɛŬŰɞɠ, ɔɘŬ 

Űɖ ɓŮɚŰɑɤůɖ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ Űɖɠ Ůˊɑŭɞůɐɠ Űɞɡɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůɐɛŮɟŬ 

ɖ ɏɟŮɡɜŬ ůŰɞ əɞɛɛɎŰɘ Űɤɜ ŬɜŰɚɘɩɜ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ: 

¶ ůŰɖ ɛŮɑɤůɖ Űɞɡ ɧɔəɞɡ əŬɘ Űɞɡ əɧůŰɞɡɠ Űɞɡɠ, 

¶ ůŰɞɡɠ Űɟɧˊɞɡɠ ɓŮɚŰɑɤůɖɠ Űɖɠ ɟɞɐɠ ɔɘŬ əŬɚɨŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ, ɤɠ 

ˊɟɞɠ Űɖ ůˊɖɚŬɑɤůɖ, ɛŮ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɡ ɞɚɘəɞɨ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ, 

¶ ůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ ɔɘŬ ŭɘŬűɞɟŮŰɘəɎ űɞɟŰɑŬ, 

¶ ůŰɖɜ ŬɜɎˊŰɡɝɖ ŬɜŰɚɘɩɜ ɔɘŬ Ůɘŭɘəɏɠ ŮűŬɟɛɞɔɏɠ (ɧˊɤɠ ŬɜŰɚɑŮɠ Űɤɜ 

ˊɡɟŬɨɚɤɜ ɡɔɟɞɨ əŬɡůɑɛɞɡ) əŬɘ 

¶ ůŰɖ ɛŮɑɤůɖ Űɞɡ ɡŭɟɞŭɡɜŬɛɘəɞɨ ɗɞɟɨɓɞɡ. 

ȺɘŭɘəɎ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŮ ŬɜŰɚɑŬ əŬɘ Űɖɜ ŬɟɘɗɛɖŰɘəɐ Űɖɠ Ůˊɑɚɡůɖ 

ɛɏůɤ ŮɟɔŬɚŮɑɤɜ ɡˊɞɚɞɔɘůŰɘəɐɠ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ, ɡˊɎɟɢŮɘ ŰŮɟɎůŰɘɞ ˊŮɟɘɗɩɟɘɞ 

ɓŮɚŰɑɤůɖɠ. ɄŬɟɎ Űɖɜ ɘůɢɨ Űɤɜ ůɨɔɢɟɞɜɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ 

Ŭɚɔɞɟɑɗɛɤɜ, Űɖ ɔŮɜɘəɐ Ŭˊɞŭɞɢɐ Űɤɜ ɛŮɗɧŭɤɜ ˊɟɞůɞɛɞɑɤůɖɠ ˊɟɞɓɚɖɛɎŰɤɜ 
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ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ŮűŬɟɛɧůɘɛɤɜ ŬɟɘɗɛɖŰɘəɩɜ ɛŮɗɧŭɤɜ, ɖ 

ŬɟɘɗɛɖŰɘəɐ Ůˊɑɚɡůɖ Űɤɜ ůɢŮŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ŮɑɜŬɘ ˊɞɚɨˊɚɞəɖ, Ŭűɞɨ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŰɟɘůŭɘɎůŰŬŰŮɠ ůɨɜɗŮŰŮɠ ɔŮɤɛŮŰɟɑŮɠ əŬɘ ɛɖ ɛɧɜɘɛŬ űŬɘɜɧɛŮɜŬ 

ɟɞɐɠ. ɆɡɜŮˊɩɠ, ŭɘŮɝɎɔŮŰŬɘ ŬəɧɛŬ ɏɟŮɡɜŬ ůŮ ɧŰɘ ŬűɞɟɎ ůŰŬ ɕɖŰɐɛŬŰŬ Űɤɜ 

ŬɜŰɚɘɩɜ, ɔɘŬ Űɖ ůɡɜŮɢɐ ɓŮɚŰɑɤůɖ əŬɘ Ůɝɏɚɘɝɐ Űɞɡɠ, əŬɘ ɖ ŮɜŬůɢɧɚɖůɖ ɛŮ ŬɡŰɏɠ 

ŮɑɜŬɘ ɘŭɘŬɘŰɏɟɤɠ ůɖɛŬɜŰɘəɐ.  

 

1.2. Ɇɨɔəɟɘůɖ Űɞɡ OpenFOAM ɛŮ ɎɚɚŬ ȺɛˊɞɟɘəɎ ȿɞɔɘůɛɘəɎ 

ɈˊɞɚɞɔɘůŰɘəɐɠ ɅŮɡůŰɞɛɖɢŬɜɘəɐɠ 

Ɇɡɜɐɗɤɠ, ɞɘ ŬˊɧˊŮɘɟŮɠ ŬɟɘɗɛɖŰɘəɐɠ Ůˊɑɚɡůɖɠ Űɖɠ ɟɞɐɠ ůŮ űɡɔɞəŮɜŰɟɘəɐ ŬɜŰɚɑŬ, 

ŬɚɚɎ əŬɘ ůŮ ɎɚɚŬ ˊɟɞɓɚɐɛŬŰŬ ɟɞɐɠ ɟŮɡůŰɩɜ, ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ ŮɛˊɞɟɘəɎ 

ɚɞɔɘůɛɘəɎ ɡˊɞɚɞɔɘůŰɘəɐɠ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ. ɇŬ ŮˊɘəɟŬŰɏůŰŮɟŬ, ɛɎɚɘůŰŬ, ŮɑɜŬɘ ŰŬ 

ɚɞɔɘůɛɘəɎ ANSYS Fluent, CFX, Autodesk CFD əŬɘ SimFlow CFD. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞɘ ŮɟŮɡɜɖŰɏɠ əŬɘ ɛɖɢŬɜɘəɞɑ, ˊɞɡ 

ŮɟɔɎɕɞɜŰŬɘ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ, ůŰɟɏűɞɜŰŬɘ ˊɟɞɠ 

Űɞ ŮɚŮɨɗŮɟɞ, ŬɜɞɘəŰɧ ɚɞɔɘůɛɘəɧ Űɞɡ OpenFOAM. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ, ɢɎɟɖ ůŰŬ 

ˊɚŮɞɜŮəŰɐɛŬŰɎ Űɞɡ, ŰŬ ɞˊɞɑŬ Űɞ əŬɗɘůŰɞɨɜ ŬɜŰŬɔɤɜɘůŰɘəɧ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ɡˊɧɚɞɘˊŬ. 

Ȳůɤɠ ɞ əɨɟɘɞɠ ɚɧɔɞɠ Ůˊɘɚɞɔɐɠ Űɞɡ OpenFOAM ŮɑɜŬɘ əŬɘ ɞ ˊɟɞűŬɜɐɠ: ŭɘŬɜɏɛŮŰŬɘ 

ŭɤɟŮɎɜ. ȼ ˊɟɧůɓŬůɖ ůŰɞ ɚɞɔɘůɛɘəɧ ŮɑɜŬɘ ŮɚŮɨɗŮɟɖ əŬɘ ŭŮɜ ŬˊŬɘŰɞɨɜŰŬɘ ŮŰɐůɘŬ 

əɧůŰɖ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ ɐ Űɖɜ ŬɜŬɜɏɤůɐ Űɞɡ. ȹŮɜ ɡˊɎɟɢɞɡɜ ɞɨŰŮ ŮˊɘˊɟɧůɗŮŰŬ 

ɏɝɞŭŬ ɔɘŬ Űɖ ɢɟɐůɖ ˊŮɟɘůůɧŰŮɟɤɜ űɡůɘəɩɜ ɛɞɜŰɏɚɤɜ, ˊɟɧůɗŮŰɞɡ əɩŭɘəŬ ɐ 

Ɏɚɚɤɜ ůɡɛˊɚɖɟɤɛŬŰɘəɩɜ ůŰɞɘɢŮɑɤɜ, ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɛɖ 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ Ŭɟɢɘəɧ ˊŬəɏŰɞ. ȷˊŮɜŬɜŰɑŬɠ, ŰŬ ŮɛˊɞɟɘəɎ ɚɞɔɘůɛɘəɎ, 

ˊɤɚɞɨɜŰŬɘ əŬɘ ŬɜŬŭɘŬɜɏɛɞɜŰŬɘ ɛŮ ůəɞˊɧ Űɞ əɏɟŭɞɠ. 

Ⱥˊɘˊɚɏɞɜ, Űɞ OpenFOAM, ɤɠ ŮɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ, ŮəŭɑŭŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖ 

ũŮɜɘəɐ ȯŭŮɘŬ ȹɖɛɧůɘŬɠ ɉɟɐůɖɠ GNU. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ŰŬ ɜɞɛɘəɎ ŭɘəŬɘɩɛŬŰŬ 

Űɞɡ ˊŮɚɎŰɖ ɤɠ ˊɟɞɠ Űɖ ɢɟɐůɖ, Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Űɖ ŭɘŬɜɞɛɐ Űɞɡ ɚɞɔɘůɛɘəɞɨ 

ŭŮɜ ɏɢɞɡɜ əŬɜɏɜŬɜ ˊŮɟɘɞɟɘůɛɧ. ȷɡŰɐ ɖ ŮɚŮɡɗŮɟɑŬ ŭŮɜ ɘůɢɨŮɘ ůŰŬ ŮɛˊɞɟɘəɎ 

ɚɞɔɘůɛɘəɎ. ȼ ɎŭŮɘŬ ŬˊɧəŰɖůɐɠ Űɞɡɠ ɗɏŰŮɘ ŬɡůŰɖɟɎ ɧɟɘŬ əŬɘ ŬˊŬɔɞɟŮɨůŮɘɠ, ůŮ 

ůɢɏůɖ ɛŮ Űɖ ŭɘŬɢŮɑɟɖůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɘ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ.       

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ əɟɡűɧ ˊɖɔŬɑɞ əɩŭɘəŬ Űɤɜ Ůɛˊɞɟɘəɩɜ ɚɞɔɘůɛɘəɩɜ, ɞ 

əɩŭɘəŬɠ Űɞɡ OpenFOAM ŮɑɜŬɘ ŬɜɞɘəŰɧɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ɔɜɩɟɘůɛŬ ŭɑɜŮɘ ŭɨɞ 

ŬɝɘɞůɖɛŮɑɤŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ůŰɞɜ ɢɟɐůŰɖ. ɄɟɩŰɞɜ, Űɞɡ ŮˊɘŰɟɏˊŮɘ ɜŬ ŭɘŬɓɎůŮɘ 

ɞɚɧəɚɖɟɞ Űɞɜ ˊɖɔŬɑɞ əɩŭɘəŬ, ɩůŰŮ ɜŬ əŬŰŬɜɞɐůŮɘ ˊɚɐɟɤɠ Űɞ ɡˊɧɓŬɗɟɞ əɎɗŮ 

ŮɜŰɞɚɐɠ ˊɞɡ ŮəŰŮɚŮɑŰŬɘ əŬɘ ɜŬ ɏɢŮɘ Ůˊɑɔɜɤůɖ ɧɚɤɜ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ 
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ŬəɞɚɞɡɗɞɨɜŰŬɘ, ɛɏɢɟɘ ɜŬ ˊɟɞəɨɣɞɡɜ ŰŬ ŰŮɚɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ȹŮɨŰŮɟɞɜ, Űɞɡ 

ŭɑɜŮɘ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ŮˊɏɛɓŮɘ ůŰɞɜ əɩŭɘəŬ əŬɘ ɜŬ əɎɜŮɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŮ 

ɓɘɓɚɘɞɗɐəŮɠ əŬɘ ŮəŰŮɚɏůɘɛŬ ŬɟɢŮɑŬ, ɩůŰŮ ɜŬ Űɞɜ ŮɝɡˊɖɟŮŰɞɨɜ əŬɚɨŰŮɟŬ. ɀˊɞɟŮɑ 

ɜŬ əɎɜŮɘ Űɘɠ ŭɘəɏɠ Űɞɡ ˊɟɞůɗɐəŮɠ, ŬɚɚŬɔɏɠ ɐ əŬɘ ŭɘɞɟɗɩůŮɘɠ, ůɨɛűɤɜŬ ɛŮ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɧɠ Űɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ɔɜɩůŮɘɠ Űɞɡ Ŭˊɧ Űɖ 

űɡůɘəɐ əŬɘ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ. ɀˊɞɟŮɑ, ŬəɧɛŬ, ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɜɏŬ, ŭɘəɎ Űɞɡ 

ŮəŰŮɚɏůɘɛŬ ŰɛɐɛŬŰŬ əɩŭɘəŬ. ɆŮ ŬɡŰɧ ɓɞɖɗɎ ˊɞɚɨ əŬɘ ɖ ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɐɠ 

ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C++ Űɞɡ OpenFOAM, ɢɎɟɖ ůŰɖɜ ɞˊɞɑŬ əɎɗŮ 

ŮűŬɟɛɞɔɐ, ŮɟɔŬɚŮɑɞ ɐ ŮˊɘɚɡŰɐɠ ŮɑɜŬɘ ɛŮŰŬɔɚɤŰɘůɛɏɜŬ ɝŮɢɤɟɘůŰɎ ɤɠ ɓɘɓɚɘɞɗɐəŮɠ 

əŬɘ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ ɛŮŰŬɝɨ Űɞɡɠ ŭɡɜŬɛɘəɎ. ɀŮ ɚɑɔŬ ɚɧɔɘŬ, ɞ ɢɟɐůŰɖɠ 

ɏɢŮɘ Űɞɜ ˊɚɐɟɖ ɏɚŮɔɢɞ Űɖɠ ŮűŬɟɛɞɔɐɠ ˊɞɡ ŬɜŬˊŰɨůůŮɘ ůŰɞ OpenFOAM əŬɘ 

ŬˊŮɟɘɧɟɘůŰŮɠ ŭɡɜŬŰɧŰɖŰŮɠ, ɔɘŬ ɜŬ Űɖɜ ˊɟɞůŬɟɛɧůŮɘ Ŭəɟɘɓɩɠ ůŰɘɠ ŭɘəɏɠ Űɞɡ 

ŬɜɎɔəŮɠ. 

ǵǽȈȌȎ, ŬɸȌŭŮȆȇȊȖŮŰŬȆ ůȏȊŮȐȗȎ, ȕŰȆ ŰȌ OpenFOAM ŮǿȊŬȆ ǽȊŬ ŬȋȆȕɸȆůŰȌ ȈȌȂȆůȉȆȇȕ. 

ǡůȌ ɸŮȍȆůůȕŰŮȍȌ ȐȍȄůȆȉȌɸȌȆŮǿŰŬȆ ȂȆŬ ŰȄȊ ŮɸǿȈȏůȄ ŮűŬȍȉȌȂȗȊ, ŰȕůȌ ɸȆȌ 

ŬɸȌŭŮȇŰȕ ȂǿȊŮŰŬȆ Ŭɸȕ ŰȌȏȎ ȉȄȐŬȊȆȇȌȖȎ ȇŬȆ ŰȕůȌ ɸŮȍȆůůȕŰŮȍȌ ŬȏȋǼȊŮȆ Ȅ 

ŮȉɸȆůŰȌůȖȊȄ ŰȌȏȎ ůŰȌ ȈȌȂȆůȉȆȇȕ. ǥȇȕȉŬ ȇŬȆ ȉŮȂǼȈŮȎ ȁȆȌȉȄȐŬȊȆȇǽȎ ȇŬȆ 

ȇŬŰŬůȇŮȏŬůŰȆȇǽȎ ŮŰŬȆȍŮǿŮȎ, ȕɸȒȎ Ȅ Aston Martin, ŮɸȆȈǽȂȌȏȊ ůǾȉŮȍŬ ŰȌ 

OpenFOAM ȂȆŬ ŰȆȎ ŬȊǼȂȇŮȎ ůȐŮŭȆŬůȉȌȖ ŰȒȊ ɸȍȌȓȕȊŰȒȊ ŰȌȏȎ. 

ǹůŰȕůȌ, ůŰȄȊ ɸŮȍǿɸŰȒůȄ ŰȒȊ ȏŭȍȌŭȏȊŬȉȆȇȗȊ ȉȄȐŬȊȗȊ, Ȅ ŮȍȂŬůŰȄȍȆŬȇǾ ŭȌȇȆȉǾ 

ŮȊȕȎ ȉȌȊŰǽȈȌȏ ŮȋŬȇȌȈȌȏȅŮǿ ȊŬ ŬɸȌŰŮȈŮǿ ŰȌ ȇȏȍȆȕŰŮȍȌ ŮȍȂŬȈŮǿȌ ŮȈǽȂȐȌȏ ȇŬȆ 

ɸȆůŰȌɸȌǿȄůȄȎ ŰȌȏ ůȐŮŭȆŬůȉȌȖ ŰȌȏ ȇŬȆ ŭŮ ȉɸȌȍŮǿ ȊŬ ŬȊŰȆȇŬŰŬůŰŬȅŮǿ Ŭɸȕ ȇŬȊǽȊŬ 

ȈȌȂȆůȉȆȇȕ ɸȍȌůȌȉȌǿȒůȄȎ ŰȄȎ ȍȌǾȎ ȇŬȆ ȏɸȌȈȌȂȆůŰȆȇǾȎ ȍŮȏůŰȌȉȄȐŬȊȆȇǾȎ.  

 

1.3. ȹɞɛɐ Űɖɠ ȺɟɔŬůɑŬɠ 

ȼ ˊŬɟɞɨůŬ ȹɘˊɚɤÕŬŰɘəɐ ȺɟɔŬůɑŬ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ ɡˊɞɚɞɔɘůŰɘəɐ 

ˊɟɞůɞÕɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŰɖɜ ˊŰŮɟɤŰɐ űɡɔɞəŮɜŰɟɘəɐɠ ŬɜŰɚɑŬɠ ɜŮɟɞɨ, ɛŮ Űɖ 

ɢɟɐůɖ Űɞɡ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ ŬɜɞɘəŰɞɨ əɩŭɘəŬ OpenFOAM. ɆŰɧɢɞɠ Űɖɠ ŮɑɜŬɘ 

ɜŬ ŭɘŬˊɘůŰɩůŮɘ ŮɎɜ ŰŬ ɚɞɔɘůɛɘəɎ ŬɜɞɘəŰɞɨ əɩŭɘəŬ ŮɑɜŬɘ Ůɝɑůɞɡ ŬɝɘɧˊɘůŰŬ 

ŮɟɔŬɚŮɑŬ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬɔɤɜɘůŰɞɨɜ ŰŬ ŮɛˊɞɟɘəɎ, ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ɛŮɚɏŰɖ 

ˊɟɞɓɚɖɛɎŰɤɜ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ ůŮ ɡŭɟŬɡɚɘəɏɠ ůŰɟɞɓɘɚɞɛɖɢŬɜɏɠ. 

ȼ űɡɔɞəŮɜŰɟɘəɐ ŬɜŰɚɑŬ, ɖ ˊŰŮɟɤŰɐ Űɖɠ ɞˊɞɑŬɠ ŮɝŮŰɎɕŮŰŬɘ, ŮɑɜŬɘ ůɢŮŭɑŬůɖ Űɞɡ 

ɛɞɜŰɏɚɞɡ LDP 32-160, Űɖɠ ŮŰŬɘɟŮɑŬɠ DP PUMPS ï ȹɅȷȾɃɆ ɄɃȿȺɀȼɆ ȷȺ əŬɘ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1. ɆŮ ŬɡŰɐ Űɖɜ ŬɜŰɚɑŬ, ɛŮŰɟɎŰŬɘ ɖ ŭɘɎɛŮŰɟɞɠ Űɖɠ ˊŰŮɟɤŰɐɠ 

ůŰŬ 0.181 ά əŬɘ Űɞ ŮɛɓŬŭɧɜ Űɖɠ ŭɘŬŰɞɛɐɠ Ůɘůɧŭɞɡ ůŰŬ 0.001 ά .   

ɆŰɖɜ ȺɟɔŬůɑŬ, ɏÕűŬůɖ ŭɑɜŮŰŬɘ ůŰɞ ůŰɎŭɘɞ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ˊɚɏɔɛŬŰɞɠ, Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɟɘɗɛɖŰɘəɐɠ Ůˊɑɚɡůɖɠ əŬɘ Űɖɠ 



24  

 

ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ. ȼ ɔŮɤɛŮŰɟɑŬ Űɖɠ ˊŰŮɟɤŰɐɠ 

ˊɞɡ ɛŮɚŮŰɎŰŬɘ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ ˊŬɚŬɘɧŰŮɟɖɠ ŭɘŭŬəŰɞɟɘəɐɠ 

ŭɘŬŰɟɘɓɐɠ (ɉɟɡůɞɓɏɟɔɖɠ, 2017), ůŰɞ ůɢŮŭɘŬůŰɘəɧ ɚɞɔɘůɛɘəɧ ˊŮɟɘɓɎɚɚɞɜ 

SOLIDWORKS (Dassault Systemes È). ɀŮɔɎɚɖ ˊɟɞůɞɢɐ ŭɑɜŮŰŬɘ ůŰɖ 

ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Űɞɡ Ůɜ ɚɧɔɤ ɚɞɔɘůÕɘəɞɨ, ɤɠ ˊɟɞɠ Űɖɜ ŮűŬɟÕɞɔɐ 

Űɞɡ ůŮ ˊɟɞɓɚɐÕŬŰŬ ɟɞɐɠ, ˊɞɡ Ŭűɞɟɞɨɜ ˊŮɟɘůŰɟŮűɧɛŮɜŬ ˊɚŬɑůɘŬ (Single 

Rotating Frames) əŬɘ ůŰɘɠ ŭɡůəɞɚɑŮɠ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ əŬŰɎ Űɖ ɔɏɜŮůɖ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ ůŰɖɜ ˊɞɚɨˊɚɞəɖ ɔŮɤɛŮŰɟɑŬ ɛɑŬɠ ˊŰŮɟɤŰɐɠ. ɄɟŬɔÕŬŰɞˊɞɘŮɑŰŬɘ ɧɚɖ ɖ 

ŭɘŮɟɔŬůɑŬ ŭɘŬɛɧɟűɤůɖɠ Űɖɠ əŬŰɎɚɚɖɚɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɡˊɞŭɞÕɐɠ, ɛɏůɤ Űɖɠ 

ɞˊɞɑŬɠ ˊɟɞəɨˊŰɞɡɜ ɢɟɐůɘÕŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ ůɢɧɚɘŬ, ˊɞɡ ɗŬ ɓɞɖɗɐůɞɡɜ Űɞɜ 

ŬɜŬɔɜɩůŰɖ ɜŬ ŬˊɞəŰɐůŮɘ ŮɝɞɘəŮɑɤůɖ ɛŮ Űɞ ůɡɔŮəɟɘɛɏɜɞ ɚɞɔɘůɛɘəɧ ˊŮɟɘɓɎɚɚɞɜ. 

 

ɆɢɐɛŬ 3: ȺɔəŬŰɎůŰŬůɖ Űɖɠ űɡɔɞəŮɜŰɟɘəɐɠ ŬɜŰɚɑŬɠ ɜŮɟɞɨ LDP 32-160 ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ɗɏÕŬŰŬ ˊɞɡ ɗɑɔŮɘ ɖ ˊŬɟɞɨůŬ 

ȹɘˊɚɤÕŬŰɘəɐ ȺɟɔŬůɑŬ, əŬŰɖɔɞɟɘɞˊɞɘɖÕɏɜŬ ŬɜɎ əŮűɎɚŬɘɞ: 

¶ ɆŰɞ əŮűɎɚŬɘɞ 2, ɟ́ɞɓɎɚɚɞɜŰŬɘ ŰŬ ŮɘůŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ ŰŬ 

ˊɟɞɔɟɎɛɛŬŰŬ Ůˊɑɚɡůɖɠ əŬɘ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ, OpenFOAM əŬɘ cfMesh 

ŬɜŰɑůŰɞɘɢŬ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŰɖɜ 

ˊŰŮɟɤŰɐ Űɖɠ ŬɜŰɚɑŬɠ. 

¶ ɆŰɞ əŮűɎɚŬɘɞ 3, ŬɜŬɚɨŮŰŬɘ ɖ Ŭəɟɘɓɐɠ ɟɨɗɛɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ 

ůŰɞ case ůŰɞ OpenFOAM, ɔɘŬ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŮűŬɟɛɞɔɐ Űɖɠ 

ˊŮɟɘůŰɟŮűɧɛŮɜɖɠ ˊŰŮɟɤŰɐɠ. 

¶ ɆŰɞ əŮűɎɚŬɘɞ 4, Ů́ɟɘɔɟɎűŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ Űɖɠ 

ˊŰŮɟɤŰɐɠ, ɛŮ ɢɟɐůɖ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ Űɞɡ cfMesh, ůɡɛˊŮɟɘɚŬɛɓŬɜɧɛŮɜɖɠ 

əŬɘ Űɖɠ ŬɜŮɝŬɟŰɖůɑŬɠ Űɖɠ ɚɨůɖɠ Ŭˊɧ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɚɏɔɛŬ.  

¶ ɆŰɞ əŮűɎɚŬɘɞ 5, ˊŬɟŬŰɑɗŮɜŰŬɘ ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. 

ȷɟɢɘəɎ, ůɢɞɚɘɎɕŮŰŬɘ ɖ ůɨɔəɚɘůɖ Űɖɠ ɚɨůɖɠ əŬɘ ɞɘ əŬŰŬɜɞɛɏɠ Űɤɜ ˊɘɏůŮɤɜ 

əŬɘ Űɤɜ ŰŬɢɡŰɐŰɤɜ ɔɘŬ Űɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɜŰɚɑŬɠ. 

ȷəɞɚɞɨɗɤɠ, ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŮəŮɑɜŬ ˊɞɡ 
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ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɔɘŬ ɏɜŬ Ůɨɟɞɠ ŭɘŬűɧɟɤɜ ˊŬɟɞɢɩɜ. ɇɏɚɞɠ, ˊŬɟɎɔɞɜŰŬɘ ɞɘ 

əŬɛˊɨɚŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɜŰɚɑŬɠ H ï Q, ɖ ï Q əŬɘ N ï Q əŬɘ 

ŮˊŬɚɖɗŮɨŮŰŬɘ ɖ ŮɔəɡɟɧŰɖŰɎ Űɞɡɠ.  

¶ ɆŰɞ əŮűɎɚŬɘɞ 6, ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ȹɘˊɚɤÕŬŰɘəɐɠ 

ȺɟɔŬůɑŬɠ əŬɘ ˊɟɞŰŮɑɜɞɜŰŬɘ ŮɟɔŬůɑŮɠ ůŮ ůɡɜŬűɐ ɗɏÕŬŰŬ, ůŰŬ ɞˊɞɑŬ Űɞ 

ˊŬɟɧɜ ŬˊɞŰŮɚŮɑ ɏɜŬ əŬɚɧ ŮűŬɚŰɐɟɘɞ. 

  



26  

 

ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

  



 27 

 

ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

2. ɈˊɞɚɞɔɘůŰɘəɎ ȺɟɔŬɚŮɑŬ ɄɟɞŮˊŮɝŮɟɔŬůɑŬɠ, 

Ⱥˊɑɚɡůɖɠ əŬɘ ɀŮŰŮˊŮɝŮɟɔŬůɑŬɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰɏůůŮɟŬ ɓŬůɘəɎ 

ɡˊɞɚɞɔɘůŰɘəɎ ŮɟɔŬɚŮɑŬ: 

¶ Űɞ SALOME (ɏəŭɞůɖ 8.4.0), ɔɘŬ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ 

ɔŮɤɛŮŰɟɑŬɠ, 

¶ Űɞ cfMesh (ɏəŭɞůɖ v1.1), ɔɘŬ Űɖ ɔɏɜŮůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ, 

¶ Űɞ OpenFOAM (ɏəŭɞůɖ foam-extend-4.0), ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ɟɞɐɠ əŬɘ 

¶ Űɞ ParaView (ɏəŭɞůɖ 5.0.1), ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ əŬɘ Űɖɜ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ȺɜɧŰɖŰŬɠ, ŮɑɜŬɘ ɜŬ ˊŬɟɞɡůɘɎůŮɘ ůɨɜŰɞɛŬ ŰŬ ŭɨɞ əɡɟɑŬɟɢŬ 

ɚɞɔɘůɛɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ Űɞɡ ɗɏɛŬŰɞɠ, OpenFOAM əŬɘ cfMesh, əŬɘ ɜŬ ŮɝɖɔɐůŮɘ 

Űɖ ŭɞɛɐ əŬɘ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ɇŬ SALOME əŬɘ ParaView 

ɢɟŮɘɎůŰɖəŬɜ ůŮ ɏɜŬ ŭŮɨŰŮɟɞ ŮˊɑˊŮŭɞ əŬɘ ɔɘŬ ˊɞɚɨ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŬŭɘəŬůɑŮɠ. 

ũɘŬ ŬɡŰɧ ŭŮɜ ŬɜŬˊŰɨůůɞɜŰŬɘ ŮəŰŮɜɏůŰŮɟŬ ůŮ ŬɡŰɐ Űɖɜ ȺɜɧŰɖŰŬ, ŬɚɚɎ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰŬ ɄŬɟŬɟŰɐɛŬŰŬ ũ əŬɘ ȹ ŬɜŰɑůŰɞɘɢŬ, ɧˊɞɡ əŬɘ ˊŮɟɘɔɟɎűŮŰŬɘ 

ɚŮˊŰɞɛŮɟɩɠ ɖ ɢɟɐůɖ Űɞɡɠ ɔɘŬ Űɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ ŬɜɎɔəŮɠ Űɖɠ ȺɟɔŬůɑŬɠ. ɆŰɖɜ 

ȺɜɧŰɖŰŬ 2, ˊɟɩŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɚɞɔɘůɛɘəɧ ˊŬəɏŰɞ Űɞɡ OpenFOAM, ɤɠ 

ˊɡɟɐɜŬɠ Űɖɠ Ůˊɑɚɡůɖɠ, ˊɎɜɤ ůŰɞɜ ɞˊɞɑɞ ŰŬ ɡˊɧɚɞɘˊŬ ŭɟɞɡɜ ůɡɛˊɚɖɟɤɛŬŰɘəɎ, 

əŬɘ ɨůŰŮɟŬ Űɞ cfMesh. 

ūɡůɘəɎ, əŬɘ ŰŬ ŰɏůůŮɟŬ ɏɢɞɡɜ ˊɞɚɨ ɛŮɔɎɚɖ ŭɡɜŬɛɘəɐ əŬɘ ɛˊɞɟɞɨɜ ɜŬ 

ŮɝɡˊɖɟŮŰɐůɞɡɜ ɏɜŬ ŰŮɟɎůŰɘɞ ˊŮŭɑɞ ŭɘŬűɞɟŮŰɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ əŬɘ 

ŮűŬɟɛɞɔɩɜ. Ⱥŭɩ, ɗŬ ˊŮɟɘɔɟŬűɞɨɜ ɛɧɜɞ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ɔɜɤɟɑůɛŬŰɎ Űɞɡɠ, ɏŰůɘ 

ɧˊɤɠ ŬɡŰɎ ŭɘŮɟŮɡɜɐɗɖəŬɜ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ȺɟɔŬůɑŬɠ. ũɘŬ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŭɘŮɡəɟɘɜɑůŮɘɠ, ɞ ŬɜŬɔɜɩůŰɖɠ ˊɟɞŰɟɏˊŮŰŬɘ ɜŬ 

ŬɜŬŰɟɏɝŮɘ ůŰɘɠ ŮˊɑůɖɛŮɠ ɘůŰɞůŮɚɑŭŮɠ Űɖɠ əɎɗŮ ˊɚŬŰűɧɟɛŬɠ, ůŰŬ ŮɔɢŮɘɟɑŭɘŬ 

ɢɟɐůɖɠ Űɞɡɠ ɐ ŬəɧɛŬ ůŰŬ ŬɜŰɑůŰɞɘɢŬ forums. ɀŮɟɘəɞɑ ɓɞɖɗɖŰɘəɞɑ ɘůŰɧŰɞˊɞɘ:  

¶ https://www.salome-platform.org/ 

¶ https://cfmesh.com/cfmesh-a-novel-library-for-automatic-mesh-

generation 

¶ https://www.openfoam.com/ 

¶ https://www.paraview.org/ 

¶ https://www.cfd-online.com/Forums/ 

https://www.salome-platform.org/
https://cfmesh.com/cfmesh-a-novel-library-for-automatic-mesh-generation
https://cfmesh.com/cfmesh-a-novel-library-for-automatic-mesh-generation
https://www.openfoam.com/
https://www.paraview.org/
https://www.cfd-online.com/Forums/
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2.1. OpenFOAM 

 

2.1.1. ȺɘůŬɔɤɔɐ 

ɇɞ OpenFOAM (Open Source Field Operation and Manipulation) ŮɑɜŬɘ ɏɜŬ 

ŮɚŮɨɗŮɟɞ, ŬɜɞɘəŰɞɨ əɩŭɘəŬ ɚɞɔɘůɛɘəɧ ɈˊɞɚɞɔɘůŰɘəɐɠ ɅŮɡůŰɞŭɡɜŬɛɘəɐɠ. 

EəŭɧɗɖəŮ ŮˊɑůɖɛŬ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ ȹŮəɏɛɓɟɘɞ Űɞɡ 2004 Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ 

OpenCFD Ltd. ɂŮəɑɜɖůŮ ɤɠ FOAM Űɞ 1993 ůŰɞ Imperial College Űɞɡ ȿɞɜŭɑɜɞɡ, 

ůŰŬ ˊɚŬɑůɘŬ ɛɑŬɠ ˊɟɞůˊɎɗŮɘŬɠ ŭɖɛɘɞɡɟɔɑŬɠ Ůɜɧɠ ůɡɛˊŬɔɞɨɠ əɩŭɘəŬ 

ɡˊɞɚɞɔɘůŰɘəɐɠ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ, ŬˊŬɚɚŬɔɛɏɜɞɡ Ŭˊɧ Űɘɠ ŬɔəɡɚɩůŮɘɠ Űɤɜ ɛɏɢɟɘ 

ŰɧŰŮ, ɔɟŬɛɛɏɜɤɜ ůŮ Fortran, ɚɞɔɘůɛɘəɩɜ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ Űɧůɞ Ŭˊɧ 

Ůɛˊɞɟɘəɞɨɠ, ɧůɞ əŬɘ Ŭˊɧ ŬəŬŭɖɛŬɥəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ, Ŭűɞɨ ɛˊɞɟŮɑ ɜŬ əŬɚɨɣŮɘ 

ɏɜŬ ŰŮɟɎůŰɘɞ űɎůɛŬ ŮűŬɟɛɞɔɩɜ ůŰɞɡɠ ˊŮɟɘůůɧŰŮɟɞɡɠ ŰɞɛŮɑɠ Űɖɠ ɀɖɢŬɜɘəɐɠ əŬɘ 

Űɤɜ ȺˊɘůŰɖɛɩɜ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ 

əŬɘ ůŰɖɜ ˊɚɖɗɩɟŬ Űɤɜ Ůˊɘɚɞɔɩɜ əŬɘ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Űɞɡ. Ʉɘɞ ůɡɔəŮɟɘɛɏɜŬ, Űɞ 

OpenFOAM ŮɑɜŬɘ əŬŰɎɚɚɖɚɞ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ɛɏɢɟɘ əŬɘ ˊɘɞ ˊŮɟɑˊɚɞəɤɜ 

ˊɟɞɓɚɖɛɎŰɤɜ ɟɞɐɠ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 

¶ ɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ,  

¶ Űɨɟɓɖ,  

¶ ɛŮŰŬűɞɟɎ ɗŮɟɛɧŰɖŰŬɠ,  

¶ ŬəɞɡůŰɘəɐ,  

¶ ɛɖɢŬɜɘəɐ ůŰŮɟŮɞɨ, 

¶ ɖɚŮəŰɟɞɛŬɔɜɖŰɘůɛɧ ɐ Ŭəɧɛɖ əŬɘ 

¶ ɞɘəɞɜɞɛɘəɎ ˊɟɞɓɚɐɛŬŰŬ.   

ȷɜŬɜŮɩɜŮŰŬɘ ˊɞɚɨ ůɡɢɜɎ əŬɘ əɎɗŮ ɏɝɘ ɛɐɜŮɠ, əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ Ƚɞɡɜɑɞɡ əŬɘ 

Űɞɡ ȹŮəŮɛɓɟɑɞɡ, ˊɟɞůűɏɟŮŰŬɘ ŮˊɑůɖɛŬ ɛɘŬ ɜɏŬ, ɓŮɚŰɘɤɛɏɜɖ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ 

ˊɟɞɖɔɞɨɛŮɜɖ, ɏəŭɞůɐ Űɞɡ. ȾɎɗŮ əŬɘɜɞɨɟɘŬ ɏəŭɞůɖ ŭɘŬɛɞɟűɩɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ 

Űɘɠ ŭɘɞɟɗɩůŮɘɠ əŬɘ Űɘɠ ůɡɜŮɘůűɞɟɏɠ Űɤɜ ɘŭɑɤɜ Űɤɜ ɢɟɖůŰɩɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

əŬɘ Űɤɜ ɛŮɚɩɜ Űɖɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɐɠ əɞɘɜɧŰɖŰŬɠ. ȷůűŬɚɩɠ əŬɘ ɧɚŮɠ ɞɘ 

ŬɚɚŬɔɏɠ, ɞɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ əŬɘ ɞɘ ɓŮɚŰɘɩůŮɘɠ, ˊɞɡ ˊɟɞŰŮɑɜɞɜŰŬɘ, ŮɝŮŰɎɕɞɜŰŬɘ 

ŮɜŭŮɚŮɢɩɠ Ŭˊɧ Űɞɡɠ ŮɝŮɘŭɘəŮɡɛɏɜɞɡɠ ŮˊŬɔɔŮɚɛŬŰɑŮɠ Űɖɠ OpenCFD, Ŭˊɧ 

ůɡɜŮɟɔɎŰŮɠ Űɖɠ ŮŰŬɘɟŮɑŬɠ, ŬɚɚɎ əŬɘ Ŭˊɧ ŮˊɘɚŮɔɛɏɜɞɡɠ ɢɟɐůŰŮɠ, ˊɟɞŰɞɨ 

ŮɜůɤɛŬŰɤɗɞɨɜ ůŰɞ ɜɏɞ ˊŮɟɘŮɢɧɛŮɜɞ. ȳɚɞɘ ɞɘ ɏɚŮɔɢɞɘ Ŭəɞɚɞɡɗɞɨɜ ŰŬ ˊɟɧŰɡˊŬ 

əŬɘ Űɘɠ ɡˊɞŭŮɑɝŮɘɠ Űɖɠ ESI Group. ɀŮ ůŰɧɢɞ Űɖ ŭɘŬůűɎɚɘůɖ Űɖɠ əŬɚɨŰŮɟɖɠ 

ŭɡɜŬŰɐɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ɚɞɔɘůɛɘəɞɨ,ɛŮɚŮŰɎŰŬɘ əɎɗŮ űɞɟɎ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ 

ɛŮɗɧŭɞɡ ɚɞɔɘůŰɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ, ɖ ɢɟɐůɖ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɛɜɐɛɖɠ, ɖ 

Ŭˊɧŭɞůɖ Űɞɡ əɩŭɘəŬ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ əɚɘɛɎəɤůɖɠ. 
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ȿɑɔŬ ɚɧɔɘŬ ɔɘŬ Űɖɜ ŮŰŬɘɟŮɑŬ OpenCFD Ltd, ŮɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ɗɡɔŬŰɟɘəɏɠ ŮŰŬɘɟŮɑŮɠ 

Űɖɠ ESI Group Ŭˊɧ Űɞ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2012. ɆŮ ŬɡŰɐɜ ŬɜɐəŮɘ Űɞ əŬŰɞɢɡɟɤɛɏɜɞ 

Ⱥɛˊɞɟɘəɧ ɆɐɛŬ Űɞɡ OpenFOAM. ȷˊɞůŰɞɚɐ Űɖɠ ŮɑɜŬɘ ɜŬ ˊŬɟɏɢŮɘ ůŰɖɜ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɐ əɞɘɜɧŰɖŰŬ ɏɜŬ ŮɚŮɨɗŮɟɞ, ŬɜɞɘəŰɞɨ əɩŭɘəŬ ɚɞɔɘůɛɘəɧ 

ɈˊɞɚɞɔɘůŰɘəɐɠ ɅŮɡůŰɞŭɡɜŬɛɘəɐɠ ɡɣɖɚɐɠ ɚŮɘŰɞɡɟɔɘəɐɠ ɘəŬɜɧŰɖŰŬɠ, Űɞ ɞˊɞɑɞ 

ůɡɜŬɔɤɜɑɕŮŰŬɘ ŮˊɎɝɘŬ əɎɗŮ Ɏɚɚɞ ŬɜŰɑůŰɞɘɢɞ, ŭŬˊŬɜɖɟɧ, Ůɛˊɞɟɘəɧ ɚɞɔɘůɛɘəɧ. 

ɆɐɛŮɟŬ, ɖ ɞɛɎŭŬ Űɖɠ ɏɢŮɘ ŮɝŬˊɚɤɗŮɑ ůŮ ˊŮɟɘɞɢɏɠ Űɖɠ ȯˊɤ ȷɜŬŰɞɚɐɠ, Űɖɠ 

ȽɜŭɑŬɠ, Űɖɠ Ⱥɡɟɩˊɖɠ əŬɘ Űɖɠ ȸɧɟŮɘŬɠ ȷɛŮɟɘəɐɠ.  

ȼ ESI (Engineering System International) Group ɛŮ Űɖ ůŮɘɟɎ Űɖɠ, ɘŭɟɨɗɖəŮ Űɞ 

1973  ůŰɖ ũŬɚɚɑŬ. ȷůɢɞɚŮɑŰŬɘ ɛŮ ŰŬ ɚɞɔɘůɛɘəɎ ŭɖɛɘɞɡɟɔɑŬɠ Ůɘəɞɜɘəɩɜ 

ˊɟɤŰɞŰɨˊɤɜ (virtual prototyping software packages), ŰŬ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɜɞɡɜ 

Űɖ ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ ˊɟɞɥɧɜŰɞɠ əŬŰɎ Űɞɜ ɏɚŮɔɢɞ, Űɖɜ əŬŰŬůəŮɡɐ ɐ Űɖ ɢɟɐůɖ 

Űɞɡ.  

 

2.1.2. ȸŬůɘəɐ ȹɞɛɐ ȿŮɘŰɞɡɟɔɑŬɠ 

ɇɞ OpenFOAM ŮɑɜŬɘ ɏɜŬ ˊɚŬɑůɘɞ ŬɜɎˊŰɡɝɖɠ ŮəŰŮɚɏůɘɛɤɜ ŬɟɢŮɑɤɜ. ȹɖɚŬŭɐ, ɔɘŬ 

ɜŬ ɚɡɗŮɑ ɏɜŬ ˊɟɧɓɚɖɛŬ ůŰɞ ɚɞɔɘůɛɘəɧ Űɞɡ, ɗŬ ˊɟɏˊŮɘ ɞ ɢɟɐůŰɖɠ ɜŬ əŬɚŮɑ əɎɗŮ 

űɞɟɎ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŮəŰŮɚɏůɘɛŬ ŬɟɢŮɑŬ. ȷɡŰɎ ɓŬůɑɕɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰɎ Űɞɡɠ 

ůŮ ˊŮɟɑˊɞɡ 100 ɓɘɓɚɘɞɗɐəŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɐŭɖ ŮɜůɤɛŬŰɤɛɏɜŮɠ ůŰɞ 

OpenFOAM əŬɘ ɔɟɎűɞɜŰŬɘ ůŮ əɩŭɘəŬ C++. ɄɟɧəŮɘŰŬɘ ɔɘŬ ˊŮɟɑˊɞɡ 250 

ˊɟɞŮɔəŬŰŮůŰɖɛɏɜŬ ŮəŰŮɚɏůɘɛŬ ŬɟɢŮɑŬ, ŰŬ ɞˊɞɑŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ: 

ůŰɞɡɠ ŮˊɘɚɡŰɏɠ (solvers) əŬɘ ůŰŬ ŮɟɔŬɚŮɑŬ (utilities). 

ũɘŬ əɎɗŮ ˊɟɧɓɚɖɛŬ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ (ɐ ɛɖɢŬɜɘəɐɠ ůɡɜŮɢɞɨɠ ɛɏůɞɡ), ɡˊɎɟɢŮɘ 

əŬɘ ɏɜŬɠ əŬŰɎɚɚɖɚɞɠ, ŮɘŭɘəɎ ŭɘŬɛɞɟűɤɛɏɜɞɠ ŮˊɘɚɡŰɐɠ. ɄŬɟɧɚɞ ˊɞɡ ɖ ɏɛűŬůɖ 

ŭɑɜŮŰŬɘ ůŰɘɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ, ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɞɘ ŮˊɘɚɡŰɏɠ 

Űɞɡ OpenFOAM əŬɚɨˊŰɞɡɜ ɏɜŬ ŰŮɟɎůŰɘɞ Ůɨɟɞɠ ˊɟɞɓɚɖɛɎŰɤɜ, ˊɞɡ ŮəŰŮɑɜŮŰŬɘ 

Ŭˊɧ ůŰɞɘɢŮɘɩŭŮɘɠ ɟɞɏɠ (potentialFoam), ɛɏɢɟɘ əŬɘ ˊɟɞɓɚɐɛŬŰŬ ɞɘəɞɜɞɛɘəɐɠ 

ŬɜɎɚɡůɖɠ (financialFoam).  

ȳůɞɜ ŬűɞɟɎ ŰŬ ŮɟɔŬɚŮɑŬ, ŬɡŰɎ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜŬ ɔɘŬ Űɞɜ ɢŮɘɟɘůɛɧ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ. ȺˊŮɝɖɔɖɛŬŰɘəɎ, ɢɟɖůɘɛŮɨɞɡɜ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ Űɖɠ 

ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ (pre-processing) əŬɘ Űɖɠ ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ (post-processing), 

ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ɟɞɐɠ.  

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŬɝɑɕŮɘ ɜŬ ŰɞɜɘůŰŮɑ, ɧŰɘ ɞɘ ŭɘŬŭɘəŬůɑŮɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ 

ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɞ OpenFOAM, 

ŬɚɚɎ Ŭˊɧ Űɖ ůɡɜŮɟɔŬůɑŬ Űɞɡ ɛŮ ɎɚɚŬ ŮɝŮɘŭɘəŮɡɛɏɜŬ, ůɡɛˊɚɖɟɤɛŬŰɘəɎ ůŮ ŬɡŰɧ, 

ɚɞɔɘůɛɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ (ɧˊɤɠ ŰŬ SALOME, cfMesh əŬɘ ParaView). ūɡůɘəɎ ŰŬ 

ˊɟɞɔɟɎɛɛŬŰŬ pre- əŬɘ post-processing ˊɞɡ ŮɑɜŬɘ ůɡɛɓŬŰɎ ɛŮ Űɞ OpenFOAM 
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ŮɑɜŬɘ ˊɞɚɨ ůɡɔəŮəɟɘɛɏɜŬ əŬɘ ɞ ɢɟɐůŰɖɠ ŭŮɜ ŮɜŭŮɑəɜɡŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ 

ɞˊɞɘɞŭɐˊɞŰŮ ɚɞɔɘůɛɘəɧ Űɖɠ ŬɔɞɟɎɠ Űɞɜ ŮɝɡˊɖɟŮŰŮɑ. Ƀ ɚɧɔɞɠ ŮɑɜŬɘ ɧŰɘ ŰŬ 

ˊŮɟɘɓɎɚɚɞɜŰŬ ŬɡŰɎ ɗŬ ́ɟɏˊŮɘ ɜŬ ɏɢɞɡɜ ɏɜŬɜ əɟɑəɞ ůɨɜŭŮůɖɠ əŬɘ ŮˊɘəɞɘɜɤɜɑŬɠ 

ɛŮŰŬɝɨ Űɞɡɠ. Ƀ əɟɑəɞɠ ŬɡŰɧɠ ŮɑɜŬɘ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ŮɟɔŬɚŮɑŬ (utilities) ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ OpenFOAM. ɉɎɟɖ ůŮ ŬɡŰɎ ŭɘŬůűŬɚɑɕŮŰŬɘ ɖ ɞɟɗɐ ɛŮŰŬűɞɟɎ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ˊŮɟɘɓɎɚɚɞɜ ůŮ ˊŮɟɘɓɎɚɚɞɜ, əŬɘ əŬŰɎ ŮˊɏəŰŬůɖ ɖ 

ŮɔəɡɟɧŰɖŰŬ Űɤɜ ŰŮɚɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

 ɆŰɞ ˊŬɟŬəɎŰɤ ɆɢɐɛŬ 4 ůɡɜɞɣɑɕŮŰŬɘ ɖ ɓŬůɘəɐ ŭɞɛɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

OpenFOAM. 

 

ɆɢɐɛŬ 4: Ⱥˊɘůəɧˊɖůɖ Űɖɠ ɓŬůɘəɐɠ ŭɞɛɐɠ Űɞɡ OpenFOAM. 

 

2.1.3. ȹɘŬɛɧɟűɤůɖ Ůɜɧɠ Case 

ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ, ɢɟŮɘɎɕɞɜŰŬɘ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞ ˊɚɏɔɛŬ, 

ŰŬ ɛŮɔɏɗɖ, Űɖ ɟɞɐ, Űɞɜ ŮˊɘɚɡŰɐ (solver), Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Ůɚɏɔɢɞɡ. ȳɚŮɠ ŬɡŰɏɠ ɞɘ 

ˊɚɖɟɞűɞɟɑŮɠ, ɛŬɕɑ ɛŮ ˊɞɚɚɏɠ ŬəɧɛŬ, ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ ɏɜŬ ůɨɜɞɚɞ ŬɟɢŮɑɤɜ, 

ŮɜŰɧɠ Űɞɡ əŮɜŰɟɘəɞɨ əŬŰŬɚɧɔɞɡ (directory) Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ˊɞɡ ɚɏɔŮŰŬɘ Case. 

Ɇɡɜɐɗɤɠ, Űɞ ɧɜɞɛŬ Űɞɡ case ŮˊɘɚɏɔŮŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ, ɩůŰŮ ɜŬ ˊŮɟɘɔɟɎűŮɘ Űɞ 

Ůɑŭɞɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 5, ɏɜŬ case ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 3 űŬəɏɚɞɡɠ 

əŬŰŬɢɩɟɖůɖɠ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ ɏɜŬ ŬɟɢŮɑɞ ɞɟɘůɛɞɨ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ (ɢɤɟɑɞ ɟɞɐɠ). ɇŬ ŰɏůůŮɟŬ ŬɡŰɎ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ɡˊɞɢɟŮɤŰɘəɧ ɜŬ 

ɡˊɎɟɢɞɡɜ. ɆŮ Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ, ŭŮɜ ɗŬ ɏɢŮɘ ŭɘŬŰɡˊɤɗŮɑ ŮˊŬɟəɩɠ Űɞ case əŬɘ ɞ 

ɢɟɐůŰɖɠ ŭŮ ɗŬ ɛˊɞɟɏůŮɘ ɜŬ ˊɟɞɢɤɟɐůŮɘ ůŮ əŬɛɑŬ ˊŮɟŬɘŰɏɟɤ ŮɜɏɟɔŮɘŬ. ūɡůɘəɎ, 

Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ əɎɗŮ űŬəɏɚɞɡ ŭɘŬűɏɟŮɘ Ŭˊɧ ŮűŬɟɛɞɔɐ ůŮ ŮűŬɟɛɞɔɐ. 

Ⱥˊɑůɖɠ, ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɏɛɓŮɘ ůŰɖɜ əɨɟɘŬ ɛɞɟűɐ Űɤɜ 

ŰŮůůɎɟɤɜ ůŰɞɘɢŮɑɤɜ, ˊɟɞůɗɏŰɞɜŰŬɠ əŬŰŬɚɧɔɞɡɠ, scripts ɐ ɎɚɚŬ ŬɟɢŮɑŬ ˊɞɡ 

ŮˊɘɗɡɛŮɑ. 
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ɆɢɐɛŬ 5: ɄŬɟɎŭŮɘɔɛŬ Ůɜɧɠ ˊɟɞŰɨˊɞɡ Case ůŰɞ OpenFOAM. 

Ƀɘ űɎəŮɚɞɘ 0, constant əŬɘ system əŬɗɞɟɑɕɞɡɜ Űɖɜ Ŭɟɢɘəɐ ŭɘŬɛɧɟűɤůɖ (setup) 

Űɞɡ case. AˊɞŰŮɚoɨɜŰŬɘ Ŭˊɧ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ dictionaries, ŭɖɚŬŭɐ ŬɟɢŮɑŬ 

çŭɘŬɛŮůɞɚŬɓɖŰɏɠè ŬɜɎɛŮůŬ ůŰɞ ɢɟɐůŰɖ əŬɘ Űɞ ɚɞɔɘůɛɘəɧ. ɇŬ dictionaries 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ əŮɘɛŮɜɞɔɟɎűɞɡɠ əŬɘ ˊŮɟɘɏɢɞɡɜ Űɘɠ ɚɏɝŮɘɠ əɚŮɘŭɘɎ, ˊɞɡ 

əŬŰŬɚŬɓŬɑɜŮɘ Űɞ OpenFOAM, əŬɘ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ɞɟɘůɛɞɨ Űɞɡɠ. ũɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ dictionaries, ɞ ŬɜŬɔɜɩůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬŰɟɏɝŮɘ ůŰɖɜ 

ȺɜɧŰɖŰŬ 3, ɧˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ set up Űɞɡ case Űɖɠ ȺɟɔŬůɑŬɠ əŬɘ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ɛŮɟɘəɎ dictionaries ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. Ƀɘ ůɡɜɖɗɏůŰŮɟɞɘ 

əŮɘɛŮɜɞɔɟɎűɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŰɏŰɞɘŮɠ ŮűŬɟɛɞɔɏɠ ŮɑɜŬɘ ɞɘ emacs, vi, 

gedit əŬɘ nedit. ɆŮ ŬɡŰɐ Űɖ ȹɘˊɚɤɛŬŰɘəɐ, ɧɚŬ ŰŬ dictionaries ɏɢɞɡɜ ɟɡɗɛɘůŰŮɑ ɛŮ 

Űɖ ɢɟɐůɖ Űɞɡ text-editor gedit. 

Ƀ űɎəŮɚɞɠ 0 ˊɟɞůŭɘɞɟɑɕŮɘ Űɘɠ Ŭɟɢɘəɏɠ əŬɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ ɧɚŬ ŰŬ 

ŮɜŭɘŬűŮɟɧɛŮɜŬ ɟɞɥəɎ ɛŮɔɏɗɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇɟŮɘɠ ŮɑɜŬɘ ɞɘ ɓŬůɘəɏɠ Ůɑůɞŭɞɘ 

ˊɞɡ ˊɟɏˊŮɘ ɜŬ ůɡɛˊɚɖɟɤɗɞɨɜ ůŮ əɎɗŮ dictionary ŬɡŰɞɨ Űɞɡ əŬŰŬɚɧɔɞɡ: 

¶ ŰŬ dimensions, ŭɖɚŬŭɐ ɞɘ ɛɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ Űɞɡ ɛŮɔɏɗɞɡɠ, 

¶ Űɞ internalField, ŭɖɚŬŭɐ Űɞ ɛɏɔŮɗɞɠ ůŰɞ ŮůɤŰŮɟɘəɧ ˊŮŭɑɞ Űɞɡ ɢɤɟɑɞɡ Űɖɠ 

ɟɞɐɠ (ˊŬɑɟɜŮɘ Űɘɠ Űɘɛɏɠ unifom ɐ nonuniform) əŬɘ 

¶ Űɞ boundaryField, ŭɖɚŬŭɐ ɞɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ Űɞɡ ɛŮɔɏɗɞɡɠ ɔɘŬ əɎɗŮ 

ɞɟɘŬəɐ ŮˊɘűɎɜŮɘŬ (patch) Űɞɡ ˊɚɏɔɛŬŰɞɠ. Ƀ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɏɝŮɘ 

ɞɟɘŬəɐ ůɡɜɗɐəɖ Űɨˊɞɡ Dirichlet, Neumann ɐ Ɏɚɚɖ ˊɘɞ ŮɝŮɘŭɘəŮɡɛɏɜɖ, 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɖ ůɡɜɗɐəɖ SRFVelocity, ˊɞɡ ŮˊŮɝɖɔŮɑŰŬɘ ůŰɖɜ 

ɡˊɞŮɜɧŰɖŰŬ 3.3.  

ɆŰɞɜ űɎəŮɚɞ constant ɓɟɑůəɞɜŰŬɘ ɞɘ ůŰŬɗŮɟɏɠ ůɡɜɘůŰɩůŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

ȹɖɚŬŭɐ ɧɚŮɠ ɞɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɧˊɤɠ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɟŮɡůŰɞɨ 

(transportProperties dictionary), Űɞ ɛɞɜŰɏɚɞ əŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɖɠ Űɨɟɓɖɠ 
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(turbulenceProperties dictionary), ɞ əŬɗɞɟɘůɛɧɠ Űɞɡ ŮˊɘɚɡŰɐ (SRFProperties 

dictionary ɓɚ. ɡˊɞŮɜɧŰɖŰŬ 3.3.) əŬɘ ɎɚɚŬ. ȳˊɤɠ ŮɑɜŬɘ űŬɜŮɟɧ, ɧɚŬ ŰŬ 

dictionaries ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ ˊɚɖɟɞűɞɟɑŮɠ, əŬŰŬɚɐɔɞɡɜ ɛŮ Űɞ 

ŭŮɨɟŮɟɞ ůɡɜɗŮŰɘəɧ çPropertiesè. Ⱥˊɑůɖɠ, Ůŭɩ ˊŬɟɎɔŮŰŬɘ əŬɘ ɞ əŬŰɎɚɞɔɞɠ 

polyMesh, ɛŮŰɎ Ŭəɟɘɓɩɠ Űɖ ɔɏɜŮůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ. Ƀ əŬŰɎɚɞɔɞɠ ŬɡŰɧɠ ůɡɚɚɏɔŮɘ 

ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŭɘŮɝɞŭɘəɎ ůŰɖɜ Ŭɛɏůɤɠ 

ŮˊɧɛŮɜɖ ɡˊɞŮɜɧŰɖŰŬ 2.2. 

ũɘŬ Űɞɜ űɎəŮɚɞ system, ŰŬ ɡˊɞɢɟŮɤŰɘəɎ dictionaries ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ blockMeshDict (ɐ ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɞ ůɡɛɓŬŰɧ dictionary ŭɖɛɘɞɡɟɔɑŬɠ 

ˊɚɏɔɛŬŰɞɠ) ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ˊɚɏɔɛŬŰɞɠ, 

¶ fvSchemes ɔɘŬ ŰŬ ůɢɐɛŬŰŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ Űɤɜ ŭɘŬűɞɟɘəɩɜ 

ŮɝɘůɩůŮɤɜ, 

¶ fvSolution ɔɘŬ Űɞɡɠ ŮˊɘɚɡŰɏɠ Űɤɜ ɔɟŬɛɛɘəɩɜ ŮɝɘůɩůŮɤɜ, ŰŬ ɧɟɘŬ Ŭɜɞɢɐɠ 

(tolerances), ŰŬ relaxation factors əŬɘ Ɏɚɚɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ Ůɚɏɔɢɞɡ əŬɘ 

¶ controlDict ɔɘŬ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Ůɚɏɔɢɞɡ.  

ɇŬ ŰɟɑŬ ŰŮɚŮɡŰŬɑŬ, ɛɎɚɘůŰŬ, ɛˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɞɨɜ ŮˊŮɝŮɟɔŬůɑŬ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ əŬɘ ɜŬ ŬɚɚɎɝɞɡɜ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɞ ɢɟɐůŰɖɠ, 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ əŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɛɏɢɟɘ ŰɧŰŮ ˊɞɟŮɑŬ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɛˊɞɟŮɑ ɜŬ ɢŬɛɖɚɩůŮɘ ŰŬ relaxation factors, ɜŬ ɛŮŰŬŰɟɏɣŮɘ 1ɖɠ 

ŰɎɝɖɠ ůɢɐɛŬŰŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ ůŮ 2ɖɠ, ɜŬ ŬɡɝɐůŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ əŬɘ ŰŬ ɚɞɘˊɎ. 

ȷɝɑɕŮɘ ɜŬ ɔɑɜŮɘ Ůɘŭɘəɐ ɛɜŮɑŬ ůŰɞ ŬɟɢŮɑɞ controlDict. ȷɡŰɧ, ɞɡůɘŬůŰɘəɎ, ŮɑɜŬɘ Űɞ 

əɏɜŰɟɞ Ůɚɏɔɢɞɡ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. ȷˊɧ Ůŭɩ ɞ ɢɟɐůŰɖɠ ɟɡɗɛɑɕŮɘ Űɞ ɢɟɧɜɞ Űɖɠ 

Ůˊɑɚɡůɖɠ, Űɖɜ ŬɜɎɔɜɤůɖ (reading) Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ Űɖɜ ŮəŰɨˊɤůɖ 

(writing) Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɝɧŭɞɡ. ȺˊŮɝɖɔɖɛŬŰɘəɎ, ˊɟɞůŬɟɛɧɕŮɘ əŬŰɎɚɚɖɚŬ Űɞ 

ůɖɛŮɑɞ ɏɜŬɟɝɖɠ əŬɘ ɚɐɝɖɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ, Űɖ ůɡɢɜɧŰɖŰŬ əŬɘ Űɖɜ ŬəɟɑɓŮɘŬ 

ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, Űɞɜ ɓŬůɘəɧ solver, ɐ ŬəɧɛŬ əŬɚŮɑ 

ůɡɜŬɟŰɐůŮɘɠ Ŭˊɧ Űɘɠ ɓɘɓɚɘɞɗɐəŮɠ Űɞɡ OpenFOAM, ɩůŰŮ ɜŬ ˊɟɞůɗɏůŮɘ Űɖɜ 

ŮəŰɏɚŮůɖ ɛɑŬɠ ŮˊɘɗɡɛɖŰɐɠ ɚŮɘŰɞɡɟɔɑŬɠ, ůŰɘɠ ɐŭɖ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ. ɀŮ Űɖɜ 

Ůəəɑɜɖůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, əŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ ˊɞɡ ɏɢɞɡɜ ŭɞɗŮɑ ůŰɞ 

controlDict, ˊŬɟɎɔɞɜŰŬɘ ɜɏɞɘ əŬŰɎɚɞɔɞɘ ɔɘŬ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɞɡ 

ŬˊɞɗɖəŮɨŮŰŬɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 7. ɀɏůŬ ůŮ ŬɡŰɞɨɠ Űɞɡɠ 

əŬŰŬɚɧɔɞɡɠ, ŬˊɞɗɖəŮɨɞɜŰŬɘ ɞɘ Űɘɛɏɠ əɎɗŮ ɛŮɔɏɗɞɡɠ ůŮ əɎɗŮ ɏɜŬ əŮɚɑ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ ˊɞɡ ɚɨɜŮŰŬɘ. ȷɡŰɞɑ ɞɘ əŬŰɎɚɞɔɞɘ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɞɑ ɔɘŬ Űɞ ůŰɎŭɘɞ 

Űɖɠ ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ (post-processing). ȷɡŰɞɑ ŬˊɞŰŮɚɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ 

ůŰɞ ɚɞɔɘůɛɘəɧ post-processing (ParaView ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ), ɔɘŬ ɜŬ 

ŮɛűŬɜɘůŰɞɨɜ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŬɔɟɎɛɛŬŰŬ, ɧˊɤɠ contours, glyphs əɚˊ. 

ɄɏɟŬ Ŭˊɧ ŰŬ ŰɏůůŮɟŬ əɨɟɘŬ dictionaries, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞůɗɏůŮɘ ůŰɞɜ 

əŬŰɎɚɞɔɞ system ˊɞɚɚɎ ŬəɧɛŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛˊɞɟŮɑ ɜŬ ůɡɛˊɚɖɟɩůŮɘ Űɞ 
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case Űɞɡ ɛŮ Űɞ dictionary ŭɘɎůˊŬůɖɠ Űɞɡ ɢɤɟɑɞɡ ɟɞɐɠ ˊɟɞɠ ˊŬɟɎɚɚɖɚɖ 

ŮˊŮɝŮɟɔŬůɑŬ (decomposeParDict) ɐ ŬɡŰɧ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ɜɏŬɠ ɞɟɘŬəɐɠ 

ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Ŭˊɧ Űɘɠ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ (createpatchDict).  

ɆŰɞ ɆɢɐɛŬ 6 űŬɑɜŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ɛɞɟűɐɠ Űɤɜ űŬəɏɚɤɜ 0, constant əŬɘ 

system ɔɘŬ ɏɜŬ ˊɟɧɓɚɖɛŬ ɛŮ Űɨɟɓɖ. 

 

 

 

 ɆɢɐɛŬ 6: ɄŬɟŬŭŮɑɔɛŬŰŬ ɚŮɝɘəɩɜ ůŰɞɡɠ əŬŰŬɚɧɔɞɡɠ 0, constant əŬɘ system. 
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ɆɢɐɛŬ 7: ɄŬɟɎŭŮɘɔɛŬ ɔɏɜŮůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ Ůˊɑɚɡůɖɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ 
ɞŭɖɔɑŮɠ Űɞɡ controlDict. 

 

2.1.4. ɆɖɛŬɜŰɘəɏɠ ɄŬɟŬŰɖɟɐůŮɘɠ 

¶ ɇɞ OpenFOAM ɚŮɘŰɞɡɟɔŮɑ ˊɎɜŰŬ ůŰɞ əŬɟŰŮůɘŬɜɧ ůɨůŰɖɛŬ Űɤɜ Űɟɘɩɜ 

ůɡɜŰŮŰŬɔɛɏɜɤɜ x, y, z. ȳɚŮɠ ɞɘ ɔŮɤɛŮŰɟɑŮɠ ɔŮɜɜɘɞɨɜŰŬɘ ůŮ ŰɟŮɘɠ 

ŭɘŬůŰɎůŮɘɠ. ũɘŬ Űɖ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɘɠ ŰɟŮɘɠ ůŰɘɠ ŭɨɞ ŭɘŬůŰɎůŮɘɠ, 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɞɟɘŬəɐ ůɡɜɗɐəɖ empty ůŰŬ əɎɗŮŰŬ ůŰɖɜ ŰɟɑŰɖ 

ŭɘɎůŰŬůɖ ɧɟɘŬ, ɧˊɞɡ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɚɨůɖ.  

¶ ȳˊɞɘŬ űɟɎůɖ ˊŮɟɘůůɧŰŮɟɤɜ Ŭˊɧ ɛɑŬ ɚɏɝŮɤɜ ɔɟɎűŮŰŬɘ ůŰŬ dictionaries 

Űɞɡ OpenFOAM ɐ ůŰɞ ŰŮɟɛŬŰɘəɧ əɎŰɤ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ Űɞɡ (keywords, 

utilities əŰɚ.) ŬəɞɚɞɡɗŮɑ ŬɡůŰɖɟɎ Űɖɜ Ŭəɧɚɞɡɗɖ ɛɞɟűɐ: əɞɚɚɖɛɏɜŮɠ 

ɚɏɝŮɘɠ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɖ ˊɟɩŰɖ ɝŮəɘɜɎ ɛŮ ɛɘəɟɧ ɢŬɟŬəŰɐɟŬ, Ůɜɩ ɞɘ 

ɡˊɧɚɞɘˊŮɠ ɝŮəɘɜɞɨɜ ɛŮ əŮűŬɚŬɑɞ. ɄŬɟŬŭŮɑɔɛŬŰɤɠ ɢɎɟɖ: boundaryField, 

blockMeshDict, startTime, timeStep əɚˊ. 

¶ ɆŰŬ ˊɟɞɓɚɐɛŬŰŬ Űɞɡ ŬůɡɛˊɑŮůŰɞɡ ɟŮɡůŰɞɨ (incompressible flow) ɖ 

ˊɑŮůɖ ˊɞɡ ɞɟɑɕŮŰŬɘ ůŰɞɜ əŬŰɎɚɞɔɞ 0 Űɞɡ case ŮɑɜŬɘ ɖ əɘɜɖɛŬŰɘəɐ əŬɘ 

ɛŮŰɟɎŰŬɘ ůŮ ά ίϳ . Ⱥˊɞɛɏɜɤɠ, ɖ ůŰŬŰɘəɐ ˊɑŮůɖ (ὖὥ) ˊɟɞəɨˊŰŮɘ əɎɗŮ 

űɞɟɎ Ŭˊɧ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɖɠ əɘɜɖɛŬŰɘəɐɠ ɛŮ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ 

ɟŮɡůŰɞɨ.   

¶ ɇɞ OpenFOAM ɢɟɖůɘɛɞˊɞɘŮɑ Űɖ ɀɏɗɞŭɞ Űɤɜ ɄŮˊŮɟŬůɛɏɜɤɜ ȳɔəɤɜ ɔɘŬ 

Űɘɠ ŮˊɘɚɨůŮɘɠ Űɞɡ. 

¶ ȼ Ůˊɑɚɡůɖ Űɤɜ ɟɞɥəɩɜ ŮɝɘůɩůŮɤɜ ɔɑɜŮŰŬɘ ɛŮ Ŭɚɔɧɟɘɗɛɞ ŭɘɧɟɗɤůɖɠ 

ˊɑŮůɖɠ (ɀɏɗɞŭɞɘ simple, piso, ico əɚˊ.). 

¶ ɇɞ OpenFOAM ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ əŬɘ Õɖ-ŭɞÕɖÕɏɜŬ ˊɚɏɔÕŬŰŬ, 

ŬˊɞŰŮɚɞɨÕŮɜŬ Ŭˊɧ ˊɞɚɡŮŭɟɘəɎ ůŰɞɘɢŮɑŬ.  

¶ ȼ ɚɨůɖ ŮɑɜŬɘ çŭɘŬɢɤɟɘůÕɏɜɖè (segregated), ŭɖɚŬŭɐ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ əɎɗŮ 

ŭɘŬűɞɟɘəɐɠ Ůɝɑůɤůɖɠ Űɞɡ ůɡůŰɐÕŬŰɞɠ, ŭɖÕɘɞɡɟɔɞɨɜŰŬɘ ɝŮɢɤɟɘůŰɞɑ 
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ˊɑɜŬəŮɠ. ȹŮ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɏɜŬɠ ŮɜɘŬɑɞɠ ˊɑɜŬəŬɠ ɔɘŬ ɧɚɞ Űɞ ůɨůŰɖÕŬ Űɤɜ 

ŭɘŬűɞɟɘəɩɜ ŮɝɘůɩůŮɤɜ. ȷɡŰɧ ɘůɞŭɡɜŬɛŮɑ ɛŮ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ɔŮɜɘəɧŰɖŰŬɠ Űɞɡ əɩŭɘəŬ, ŬɚɚɎ əŬɘ ɛŮ ˊɘɞ Ŭɟɔɐ ŮˊŮɝŮɟɔŬůɑŬ. 

¶ ȼ ɚɨůɖ Űɖɠ ˊɘɜŬəɞˊɞɘɖÕɏɜɖɠ Ůɝɑůɤůɖɠ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɞ əɏɜŰɟɞ Űɤɜ 

əŮɚɘɩɜ. 

¶ ɉɎɟɖ ůŰɞ ůɢɐÕŬ MPI (Message Passing Interface), ŮˊɘŰɟɏˊŮŰŬɘ ɖ 

ˊŬɟɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ əŬɘ ɖ ˊɟɞůɞɛɞɑɤůɖ ÕŮɔɎɚɤɜ 

əŬɘ ˊɞɚɨˊɚɞəɤɜ ŮűŬɟɛɞɔɩɜ, ÕŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ÕɘəɟɧŰŮɟɞ ɡˊɞɚɞɔɘůŰɘəɧ 

əɧůŰɞɠ. 

 

2.2. CfMesh  

 

2.2.1. ȺɘůŬɔɤɔɐ 

ɇɞ cfMesh (CFD Mesh) ŮɑɜŬɘ ɛɑŬ ɓɘɓɚɘɞɗɐəɖ, Ůɝɞˊɚɘůɛɏɜɖ ɛŮ ɛɑŬ ˊɟɞɖɔɛɏɜɖ 

ůŮɘɟɎ ŮɟɔŬůɘɩɜ əŬɘ Ŭɚɔɞɟɑɗɛɤɜ, ɔɘŬ Űɖɜ ŬɡŰɧɛŬŰɖ ɔɏɜŮůɖ ˊɚŮɔɛɎŰɤɜ. ȺɑɜŬɘ 

ŬɜɞɘəŰɞɨ əɩŭɘəŬ əŬɘ ŮəŭɑŭŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖ ũŮɜɘəɐ ȯŭŮɘŬ ȹɖɛɧůɘŬɠ ɉɟɐůɖɠ GPL 

(General Public License). ɉŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɓɘɓɚɘɞɗɐəɖ ŬɜŮɝɎɟŰɖŰɖ 

ˊɚŬŰűɧɟɛŬɠ (cross-platform library), Ŭɜ əŬɘ ɢŰɑůŰɖəŮ ŮˊɎɜɤ ůŰɞ ɚɞɔɘůɛɘəɧ Űɞɡ 

OpenFOAM. ɂŮəɑɜɖůŮ Űɞ 2004 Ŭˊɧ Űɞɜ ȹɟ. Franjo Juretic əŬɘ ůɐɛŮɟŬ ŬɜɐəŮɘ 

ůŰɖɜ ŮŰŬɘɟɑŬ Creative Fields. Ɇəɞˊɧɠ Űɞɡ ɐŰŬɜ ɜŬ əŬɚɨɣŮɘ Űɘɠ ŬŭɡɜŬɛɑŮɠ ůŰɞ 

ůŰɎŭɘɞ Űɖɠ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ OpenFOAM əŬɘ ɜŬ ŮɝŮɚɑɝŮɘ ŰŬ pre-processing 

ŮɟɔŬɚŮɑŬ Űɞɡ, ŰŬ ɞˊɞɑŬ ɛɏɢɟɘ ŰɧŰŮ ɐŰŬɜ ůŰɞɘɢŮɘɩŭɖ. Ʉɚɏɞɜ, ɏɢŮɘ əŬɗɘŮɟɤɗŮɑ ɤɠ 

ɏɜŬ Ŭˊɧ ŰŬ ˊɟɧŰɡˊŬ ɛɏůŬ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ, ŮɑɜŬɘ əɞɘɜɩɠ ŬˊɞŭŮəŰɧ əŬɘ 

ŬɜŬɔɜɤɟɘůɛɏɜɞ, əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ Űɧůɞ ůŮ ŬəŬŭɖɛŬɥəɧ, ɧůɞ əŬɘ ůŮ 

ɓɘɞɛɖɢŬɜɘəɧ ŮˊɑˊŮŭɞ. 

ɇɞ cfMesh ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɖɢŬɜɘůɛɞɨɠ, ɞɘ ɞˊɞɑɞɘ ŮűŬɟɛɧɕɞɜŰŬɘ ɛŮ Ůɨəɞɚɞ əŬɘ 

ɔɟɐɔɞɟɞ Űɟɧˊɞ. ȺɑɜŬɘ ɘůɢɡɟɧ ˊɟɧɔɟŬɛɛŬ əŬɘ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ ˊŬɟɎɝŮɘ ˊɚɏɔɛŬŰŬ 

ɛɏɢɟɘ əŬɘ ŮəŬŰɞɛɛɡɟɑɤɜ əŮɚɘɩɜ. ȼ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ əŮɜŰɟɘəɐɠ ɓɘɓɚɘɞɗɐəɖɠ Űɞɡ 

ɓŬůɑɕŮŰŬɘ ůŰɖ ɚɞɔɘəɐ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ˊɚɏɔɛŬŰɞɠ (mesh modifiers). Ƀɘ 

ɛŮŰŬŰɟɞˊŮɑɠ ŬɡŰɞɑ ŮəŰŮɚɞɨɜ Űɘɠ ɓŬůɘəɏɠ ŮɟɔŬůɑŮɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ (ˊɟɧůɗŮůɖ 

əŮɚɘɩɜ, ŬűŬɑɟŮůɖ əŮɚɘɩɜ, ŭɘŬɑɟŮůɖ əŮɚɘɩɜ, əɚˊ.) əŬɘ ůɢŮŭɘɎɕɞɜŰŬɘ ɛŮ ŰɏŰɞɘɞ 

Űɟɧˊɞ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɞɘ ůŰŬ ŭŮŭɞɛɏɜŬ 

Ůɘůɧŭɞɡ (robust tools). ȷˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ, 

ɔɘŬ ŭɨɞ əɨɟɘɞɡɠ ɚɧɔɞɡɠ: 

1. ȺɑɜŬɘ ŮˊŮəŰɎůɘɛɞɘ əŬɘ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊŬɟɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ ɛɏůɤ 

SMP əŬɘ MPI. ȺˊŮɝɖɔɖɛŬŰɘəɎ, əŬŰɎ Űɘɠ ŮəŰŮɚɏůŮɘɠ Űɞɡ cfMesh, ɛˊɞɟŮɑ ɜŬ 

ɔɑɜŮɘ ɢɟɐůɖ Űɧůɞ Űɖɠ ɛŮɟɘɕɧɛŮɜɖɠ (shared memory parallelisation - SMP), 
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ɧůɞ əŬɘ Űɖɠ əŬŰŬɛŮɟɖůɛɏɜɖɠ (distributed memory parallelisation) ɛɜɐɛɖɠ 

ɛɏůɤ MPI. ɇɞ MPI, ɓɏɓŬɘŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮɔɎɚɤɜ 

ˊɚŮɔɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ŭŮ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɖɟɘəŰɞɨɜ Ŭˊɧ Űɖ ɛɜɐɛɖ Ůɜɧɠ 

ɛɧɜɞ ɡˊɞɚɞɔɘůŰɐ. 

2. Ⱥɝɞɘəɞɜɞɛɞɨɜ ɡˊɞɚɞɔɘůŰɘəɐ ɛɜɐɛɖ. ȼ ɔɏɜŮůɖ Ůɜɧɠ ˊɚɏɔɛŬŰɞɠ ŮɑɜŬɘ 

ɛɑŬ ŭɡɜŬɛɘəɐ ŭɘŬŭɘəŬůɑŬ, ɧůɞɜ ŬűɞɟɎ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ ɛɜɐɛɖɠ. ɇɞ 

ɔŮɔɞɜɧɠ ŬɡŰɧ, ɧɛɤɠ, ˊŮɟɘˊɚɏəŮɘ ɏɜŬ ˊɟɧɓɚɖɛŬ əŬɘ ˊɟɞɠ ŭɘŮɡəɧɚɡɜůɐ 

Űɞɡ, ɢɟŮɘɎɕɞɜŰŬɘ Ůɘŭɘəɞɑ Űɟɧˊɞɘ ůɡɔəɟɎŰɖůɖɠ ŭŮŭɞɛɏɜɤɜ (data 

containers). Ƀɘ ŭɘŬɗɏůɘɛɞɘ Ŭˊɧ Űɞ OpenFOAM Űɟɧˊɞɘ ůɡɔəɟɎŰɖůɖɠ 

ŭŮŭɞɛɏɜɤɜ ŭŮɜ ŮɑɜŬɘ ɞɘ əŬŰɎɚɚɖɚɞɘ. ȾŬŰɎɚɚɖɚɞɘ ɧɛɤɠ ŮɑɜŬɘ ɞɘ data 

containers Űɞɡ cfMesh, Űɞ ɞˊɞɑɞ ɛŬɕɑ ɛŮ Űɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ ˊɚɏɔɛŬŰɞɠ, 

ůɡɔəɟŬŰŮɑ ŰŬ ŭŮŭɞɛɏɜŬ ɤɠ ɚɑůŰŮɠ, ɔɟŬűɐɛŬŰŬ ɐ ůŮ ɎɚɚŮɠ ɛɞɟűɏɠ, ˊɞɡ 

ŭŮɜ ŬˊŬɘŰɞɨɜ ˊɞɚɚɏɠ ŭɘŮɟɔŬůɑŮɠ ŭɡɜŬɛɘəɐɠ əŬŰŬɜɞɛɐɠ Űɖɠ əɨɟɘŬɠ 

ɛɜɐɛɖɠ. ȰŰůɘ, ɖ ɢɟɐůɖ Űɖɠ ɛɜɐɛɖɠ ŭɘŬŰɖɟŮɑŰŬɘ ůŮ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ 

əŬɘ Űɞ ˊɟɧɓɚɖɛŬ ŬˊɚɞˊɞɘŮɑŰŬɘ. 

ɆɖɛŬɜŰɘəɐ ɄŬɟŬŰɐɟɖůɖ: ɄŬɟɧɚɞ ˊɞɡ Űɞ cfMesh ɏɢŮɘ ɢŰɘůŰŮɑ ŮˊɎɜɤ ůŰɞ 

OpenFOAM əŬɘ ůɡɜŮɟɔɎɕŮŰŬɘ ɛŮ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŮəŭɧůŮɘɠ Űɞɡ, ɞ ɢɟɐůŰɖɠ 

ˊɟɞŰŮɑɜŮŰŬɘ ɜŬ ŮɚɏɔɢŮɘ əɎɗŮ űɞɟɎ Űɖ ůɡɛɓŬŰɧŰɖŰŬ Űɞɡ cfMesh ɛŮ Űɖ 

ůɡɔəŮəɟɘɛɏɜɖ ɏəŭɞůɖ Űɞɡ OpenFOAM ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ, ˊɟɞŰɞɨ ɝŮəɘɜɐůŮɘ Űɖɜ 

ˊɟɞůɞɛɞɑɤůɐ Űɞɡ. ȳˊɤɠ ŮˊɘůɖɛɎɜɗɖəŮ əŬɘ ůŰɖɜ ɡˊɞŮɜɧŰɖŰŬ 2.1.1, Űɞ 

OpenFOAM ŬɜŬɜŮɩɜŮŰŬɘ ˊɞɚɨ ůɡɢɜɎ, əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɡˊɎɟɢŮɘ ɞ əɑɜŭɡɜɞɠ 

Űɞ cfMesh ɜŬ ɛɖɜ ŮɑɜŬɘ ŬəɧɛŬ əŬŰɎɚɚɖɚɞ ŮɟɔŬɚŮɑɞ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ ɔɘŬ Űɘɠ 

ŰŮɚŮɡŰŬɑŮɠ ŮəŭɧůŮɘɠ Űɞɡ. 

 

2.2.2. ȹɘŬɗɏůɘɛɞɘ ɇɨˊɞɘ ɄɚɏɔɛŬŰɞɠ  

ɇɞ cfMesh ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɔɏɜŮůɖɠ ŰŮůůɎɟɤɜ ɓŬůɘəɩɜ Űɨˊɤɜ ˊɚɏɔɛŬŰɞɠ: 

¶ əŬɟŰŮůɘŬɜɞɨ ˊɚɏɔɛŬŰɞɠ ůŰɘɠ ŭɨɞ ŭɘŬůŰɎůŮɘɠ, 

¶ əŬɟŰŮůɘŬɜɞɨ ˊɚɏɔɛŬŰɞɠ ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ, 

¶ ˊɚɏɔɛŬŰɞɠ ɛŮ ŰŮŰɟɎŮŭɟŬ əŮɚɘɎ əŬɘ 

¶ ˊɚɏɔɛŬŰɞɠ ɛŮ ́ɞɚɨŮŭɟŬ əŮɚɘɎ. 

ɇɞ əŬɟŰŮůɘŬɜɧ ˊɚɏɔɛŬ Űɞɡ cfMesh ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŮɝɎŮŭɟŬ. 

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ůŰɘɠ ɛŮŰŬɓŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮŰŬɝɨ Űɤɜ əŮɚɘɩɜ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɘŬůŰɎůŮɘɠ, ˊɟɞůŰɑɗŮɜŰŬɘ ŬəɧɛŬ ɛŮɟɘəɎ ˊɞɚɨŮŭɟŬ əŮɚɘɎ. ɀŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ 

əŬɟŰŮůɘŬɜɞɨ ˊɚɏɔɛŬŰɞɠ, ŬɜŬˊŰɨůůŮŰŬɘ, ɤɠ ˊɟɞŮˊɘɚɞɔɐ, ɏɜŬ ɞɟɘŬəɧ ůŰɟɩɛŬ. 

ūɡůɘəɎ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ Űɞɡ ɞɟɘŬəɞɨ ůŰɟɩɛŬŰɞɠ əŬɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ɛˊɞɟɞɨɜ ɜŬ Űɟɞˊɞˊɞɘɖɗɞɨɜ əŬɘ ɜŬ ˊɟɞůŬɟɛɞůŰɞɨɜ 

əŬŰɎɚɚɖɚŬ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. ũɘŬ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Ůɜɧɠ əŬɟŰŮůɘŬɜɞɨ 

ˊɚɏɔɛŬŰɞɠ, ŬɟəŮɑ ɜŬ ŭɞɗŮɑ ůŰɞ ŰŮɟɛŬŰɘəɧ ɖ ŮɜŰɞɚɐ (utility) cartesian2DMesh 
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(ɔɘŬ ŭɘŭɘɎůŰŬŰŮɠ ɔŮɤɛŮŰɟɑŮɠ) ɐ cartesianMesh (ɔɘŬ ŰɟɘůŭɘɎůŰŬŰŮɠ ɔŮɤɛŮŰɟɑŮɠ). 

ɆŰŬ ɆɢɐɛŬŰŬ 8 əŬɘ 9 űŬɑɜɞɜŰŬɘ ŰɟɑŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ŭɘŭɘɎůŰŬŰɤɜ əŬɘ 

ŰɟɘůŭɘɎůŰŬŰɤɜ əŬɟŰŮůɘŬɜɩɜ ˊɚŮɔɛɎŰɤɜ Ŭˊɧ Űɞ cfMesh. 

  

ɆɢɐɛŬ 8: ũɏɜŮůɖ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ cartesian2DMesh. 

  

 

ɆɢɐɛŬ 9: ũɏɜŮůɖ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ cartesianMesh. 

Ƀɘ ŭɨɞ ŰŮɚŮɡŰŬɑɞɘ Űɨˊɞɘ ˊɚɏɔɛŬŰɞɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰŮŰɟɎŮŭɟŬ əŬɘ ˊɞɚɨŮŭɟŬ 

əŮɚɘɎ ŬɜŰɘůŰɞɑɢɤɠ. ɇŬ ́ɚɏɔɛŬŰŬ ɛŮ ŰŬ ŰŮŰɟɎŮŭɟŬ əŮɚɘɎ ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ɛŮ 

Űɖɜ ŮɜŰɞɚɐ tetMesh əŬɘ, ɤɠ ˊɟɞŮˊɘɚɞɔɐ, ŭŮɜ ˊŬɟɎɔŮŰŬɘ əŬɗɧɚɞɡ ɞɟɘŬəɧ 

ůŰɟɩɛŬ. Ⱥŭɩ, ŭɖɚŬŭɐ, ɞ ɢɟɐůŰɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɞɟɑůŮɘ Űɞ ɞɟɘŬəɧ ůŰɟɩɛŬ Ŭˊɧ 

Űɖɜ Ŭɟɢɐ. ɇŬ ́ɚɏɔɛŬŰŬ ɛŮ ŰŬ ˊɞɚɨŮŭɟŬ əŮɚɘɎ ɡˊŬəɞɨɞɡɜ ůŰɞ utility pMesh. 
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ȺɑɜŬɘ ɛɑŬ ˊɟŬəŰɘəɐ ɔɏɜŮůɖɠ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ ŬəŬɜɧɜɘůŰŬ ˊɞɚɨŮŭɟŬ əŮɚɘɎ, 

ŮűŬɟɛɧɕŮŰŬɘ ůŮ ˊɘɞ ˊŮɟɑˊɚɞəŮɠ ɔŮɤɛŮŰɟɑŮɠ əŬɘ ɓŮɚŰɘůŰɞˊɞɘŮɑ Űɖ ɢɟɐůɖ Űɖɠ 

ɛɜɐɛɖɠ. ɀɎɚɘůŰŬ, Űɞ 2004, ɧŰŬɜ ˊɟɤŰɧ-ŮɛűŬɜɑůŰɖəŮ Űɞ cfMesh ɤɠ ŮɟɔŬɚŮɑɞ 

ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ, ŭŮɜ ɡˊɐɟɢŮ Ɏɚɚɖ ŭɘŬɗɏůɘɛɖ ɓɘɓɚɘɞɗɐəɖ ŬɜɎˊŰɡɝɖɠ 

ˊɞɚɨŮŭɟɤɜ əŮɚɘɩɜ. ɆŰŬ ɆɢɐɛŬŰŬ 10 əŬɘ 11 űŬɑɜɞɜŰŬɘ ŭɨɞ ˊŬɟŬŭŮɑɔɛŬŰŬ 

ˊɚŮɔɛɎŰɤɜ ɛŮ ŰŮŰɟɎŮŭɟŬ əŬɘ ˊɞɚɨŮŭɟŬ əŮɚɘɎ Ŭˊɧ Űɞ cfMesh. 

 

 

ɆɢɐɛŬ 10: ũɏɜŮůɖ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ tetMesh. 

 

  

 

 
ɆɢɐɛŬ 11: ũɏɜŮůɖ ˊɚɏɔɛŬŰɞɠ Ŭˊɧ pMesh. 
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2.2.3. ɄɟɞŮŰɞɘɛŬůɑŬ ɔɘŬ ɄɚŮɔɛŬŰɞˊɞɑɖůɖ 

ũɘŬ Űɖ ɔɏɜŮůɖ Ůɜɧɠ ˊɚɏɔɛŬŰɞɠ, Űɞ case Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗŮɑ 

ŰɞɡɚɎɢɘůŰɞɜ Űɖ ɓŬůɘəɐ ɛɞɟűɐ Ůɜɧɠ ˊɟɞŰɨˊɞɡ case Űɞɡ OpenFOAM (ɓɚ. 

ɡˊɞŮɜɧŰɖŰŬ 2.1.3. əŬɘ ɆɢɐɛŬ 5). ȹɖɚŬŭɐ, ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɏɢŮɘ əŬɜɞɜɘəɎ Űɞɡɠ 

űŬəɏɚɞɡɠ 0, constant, system əŬɘ Űɞ ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ. ȹɘŬűɞɟɞˊɞɘŮɑŰŬɘ 

Ŭˊɧ Űɞ case Űɖɠ ɡˊɞŮɜɧŰɖŰŬɠ 2.1.3. ůŰŬ Ůɝɐɠ ůɖɛŮɑŬ: 

1. Ƀɘ əŬŰɎɚɞɔɞɘ 0 əŬɘ constant, ŭŮ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əɎˊɞɘɞ 

dictionary. ɇŬ ŬɜŬɔəŬɑŬ ɔɘŬ ŬɡŰɞɨɠ Űɞɡɠ űŬəɏɚɞɡɠ dictionaries ɛˊɞɟɞɨɜ 

ɜŬ ˊɟɞůŰŮɗɞɨɜ ɛŮŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ əŬɘ Ŭəɟɘɓɩɠ ˊɟɘɜ 

Űɖɜ Ůˊɑɚɡůɖ. 

2. ɆŰɞɜ əŬŰɎɚɞɔɞ system, Űɞ dictionary blockMesh ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ Űɞ, 

ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ Űɞ cfMesh, dictionary: meshDict (ɆɢɐɛŬ 12). ɇŬ 

dictionaries controlDict, fvSchemes əŬɘ fvSolution ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ 

ɡˊɎɟɢɞɡɜ ůŰɞɜ űɎəŮɚɞ, Ŭɜ əŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ Űɞ ˊŮɟɘŮɢɧɛŮɜɧ 

Űɞɡɠ ŭŮ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ˊɚɏɔɛŬŰɞɠ. ȺɝŮŰɎɕŮŰŬɘ, 

ɧɛɤɠ, ŮɎɜ ɏɢɞɡɜ ůɡɛˊŮɟɘɚɖűɗŮɑ ɐ ɧɢɘ ůŰɞ case, ˊɟɞŰɞɨ ŮəŰŮɚŮůŰŮɑ 

əɎˊɞɘŬ ŭɘŬŭɘəŬůɑŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɚŮɑˊɞɡɜ, ɞˊɞɘŬŭɐˊɞŰŮ 

ŭɘŮɟɔŬůɑŬ ɏɢŮɘ ŬɜŬŰŮɗŮɑ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ůŰŬɛŬŰɎ əŬɘ Ŭɛɏůɤɠ ŮɛűŬɜɑɕŮŰŬɘ 

ɛɐɜɡɛŬ ůűɎɚɛŬŰɞɠ. 

3. ɇɞ ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜɞ ŬɡůŰɖɟɎ ůŮ 

ɛɞɟűɐ fms, ftr ɐ stl, ɛŮ əɡɟɑŬɟɢɖ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ, Űɖ ɛɞɟűɐ 

fms. 

 

 

ɆɢɐɛŬ 12: ɄŬɟɎŭŮɘɔɛŬ əŬŰŬɚɧɔɞɡ system ɛŮ meshDict. 
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ɇɞ dictionary meshDict ŭɘŬɗɏŰŮɘ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ. 

ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɚɏɝŮɘɠ əɚŮɘŭɘɎ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ Űɞɡ cfMesh əŬɘ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

Űɘɛɏɠ Űɞɡɠ. ȹɑɜŮɘ Űɘɠ ɞŭɖɔɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ əŮɚɘɩɜ, Űɘɠ 

ɛŮŰŬɓŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ŮɜŬɚɚŬɔɐɠ Űɤɜ ɛŮɔŮɗɩɜ Űɤɜ əŮɚɘɩɜ, Űɘɠ Űɞˊɘəɏɠ 

ˊɡəɜɩůŮɘɠ ɐ ŬɟŬɘɩůŮɘɠ, Űɞ ɞɟɘŬəɧ ůŰɟɩɛŬ, əɚˊ. ũɘŬ Űɞɜ ˊɚɐɟɖ ɞɟɘůɛɧ Űɞɡ 

meshDict, ɧɛɤɠ, ŬɟəŮɑ ɜŬ ɟɡɗɛɘůŰɞɨɜ ŭɨɞ ɛɧɜɞ ɡˊɞɢɟŮɤŰɘəɏɠ ŮɜŰɞɚɏɠ: 

¶ ɖ ŮɜŰɞɚɐ surfaceFile, ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɞ ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ. ɃɡůɘŬůŰɘəɎ, ɖ Űɘɛɐ ˊɞɡ ɚŬɛɓɎɜŮɘ Űɞ surfaceFile ŮɑɜŬɘ Űɞ 

ɛɞɜɞˊɎŰɘ ŮɨɟŮůɖɠ Űɞɡ ŬɟɢŮɑɞɡ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ, ůŮ ůɢɏůɖ ɛŮ Űɞɜ 

əŬŰɎɚɞɔɞ Űɞɡ case. ȹɖɚŬŭɐ, ŮɎɜ ɞ ɢɟɐůŰɖɠ ŮˊɘɚɏɝŮɘ ɜŬ ɛɖ ɓɎɚŮɘ Űɞ 

ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ŬˊɚɎ ɛɏůŬ ůŰɞ case (ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 

13), ŬɚɚɎ ɜŬ Űɞ ŰɞˊɞɗŮŰɐůŮɘ ůŮ ɏɜŬɜ ɝŮɢɤɟɘůŰɧ űɎəŮɚɞ (ɏůŰɤ űɎəŮɚɞɠ 

geometry) ɛɏůŬ ůŰɞ case, ŰɧŰŮ ɖ ŮɜŰɞɚɐ ŭŮ ɗŬ ɔɟɎűŮŰŬɘ: 

surfaceFile ñcaseSampleGeometry.fmsò; (Ŭˊɧ ɆɢɐɛŬ 13) 

ŬɚɚɎ:  

surfaceFile ñgeometry/caseSampleGeometry.fmsò;. 

¶ Ⱥˊɑůɖɠ ɖ ŮɜŰɞɚɐ maxCellSize, ɖ ɞˊɞɑŬ ŭɖɚɩɜŮɘ Űɞ ɛɏɔɘůŰɞ ŮˊɘŰɟŮˊŰɧ 

ɛɏɔŮɗɞɠ Űɤɜ əŮɚɘɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ. Ƀɘ ŭɘŬůŰɎůŮɘɠ ˊɞɡ 

əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɞ meshDict ɏɢɞɡɜ ɤɠ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ŰŬ ɛɏŰɟŬ [m]. 

 

ɆɢɐɛŬ 13: ȸŬůɘəɐ ɛɞɟűɐ Űɞɡ ɚŮɝɘəɞɨ meshDict. 
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Ƀ ɢɟɐůŰɖɠ, Ŭűɞɨ ˊɟɞůŭɘɞɟɑůŮɘ Űɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ Ůɘůɧŭɞɡɠ, ŮɑɜŬɘ ŮɚŮɨɗŮɟɞɠ 

ɜŬ ůɡɛˊɚɖɟɩůŮɘ Űɞ dictionary Űɞɡ ɛŮ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ŮɜŰɞɚɐ Űɞɡ cfMesh Űɞɜ 

ŮɝɡˊɖɟŮŰŮɑ. ɆŰɞ ŮɔɢŮɘɟɑŭɘɞ ɢɟɐůɖɠ Űɞɡ cfMesh ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɧɚŮɠ ɞɘ ˊɘɗŬɜɏɠ 

ɚɏɝŮɘɠ əɚŮɘŭɘɎ, ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ 

ɛɏůɤ cfMesh, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɧɚŮɠ ɞɘ ˊŬɟŬɚɚŬɔɏɠ Űɞɡɠ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ȺɟɔŬůɑŬ, əɟɑɜŮŰŬɘ ɢɟɐůɘɛɞ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɛɧɜɞ ɞɘ ŮɜŰɞɚɏɠ ˊɞɡ 

ŮəŰŮɚɏůŰɖəŬɜ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɞɡ ɗɏɛŬŰɞɠ. ȷɡŰɏɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ 

ȺɜɧŰɖŰŬ 4, ɖ ɞˊɞɑŬ ŮůŰɘɎɕŮɘ ůŰɖ ɔɏɜŮůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ ůŰɞ ɢɤɟɑɞ Űɖɠ ɟɞɐɠ ůŰɖɜ 

ˊŰŮɟɤŰɐ Űɖɠ űɡɔɞəŮɜŰɟɘəɐɠ ŬɜŰɚɑŬɠ. ũɘŬ ɛŮɔŬɚɨŰŮɟɖ ŮɛɓɎɗɡɜůɖ, ɞ ŬɜŬɔɜɩůŰɖɠ 

ɛˊɞɟŮɑ ɜŬ ůɡɛɓɞɡɚŮɡŰŮɑ Űɞ ŮɔɢŮɘɟɑŭɘɞ ɢɟɐůɖɠ Űɞɡ cfMesh.    

ũɘŬ Űɞɜ űɎəŮɚɞ Űɞɡ system əŬɘ ɔɘŬ Űɖɜ ˊŬɟɎɚɚɖɚɖ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ ɛɏůɤ MPI, 

ůɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɡˊɎɟɢŮɘ ɖ Ůˊɘɚɞɔɐ Űɖɠ ˊɟɞůɗɐəɖɠ Űɞɡ ɚŮɝɘəɞɨ 

decomposeParDict. ɋɠ ɛɞɜŬŭɘəɐ ɡˊɞɢɟŮɤŰɘəɐ Ůɑůɞŭɞ ɏɢŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ˊɡɟɐɜɤɜ ˊɟɞɠ ˊŬɟɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ. ȼ ˊɚɖɟɞűɞɟɑŬ ŬɡŰɐ ŭɖɚɩɜŮŰŬɘ ɛŮ Űɖ 

ɚɏɝɖ əɚŮɘŭɑ: numberOfSubdomains. 

ȳůɞɜ ŬűɞɟɎ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ŬɡŰɐ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɢɤɟɘůɛɏɜɖ 

ůŮ Ůˊɘɛɏɟɞɡɠ Űɟɘɔɤɜɘəɏɠ ŮˊɘűɎɜŮɘŮɠ. ɀɎɚɘůŰŬ, ɛŬɕɑ ɛŮ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ 

Űɟɘɔɤɜɞˊɞɑɖůɖ, ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ɔŮɤɛŮŰɟɘəɞɨ ůɢɐɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ ŭɘŬəɟɑɜŮŰŬɘ 

ůŰɘɠ ɔŮɤɛŮŰɟɘəɏɠ ɞɜŰɧŰɖŰŮɠ: 

¶ ŰɟɑɔɤɜŬ (triangles), 

¶ ůɖɛŮɑŬ (points), 

¶ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɞɟɘŬəɏɠ ŮˊɘűɎɜŮɘŮɠ (patches), 

¶ ˊɚŮɡɟɘəɎ ɡˊɞůɨɜɞɚŬ (facet subsets) əŬɘ 

¶ əɞɟɡűɏɠ (feature edges). 

Ƀɘ əŬŰɖɔɞɟɑŮɠ patches, facet subsets əŬɘ feature edges, ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ 

ůɡɜŭɡŬůɛɧ Űɤɜ Ůˊɘɛɏɟɞɡɠ Űɟɘɔɩɜɤɜ əŬɘ ůɖɛŮɑɤɜ. ɇŬ patches ŮɑɜŬɘ ɖ 

əɡɟɘɧŰŮɟɖ ɔŮɤɛŮŰɟɘəɐ ɞɜŰɧŰɖŰŬ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ ŰŬ 

ůŰɞɘɢŮɑŬ Űɞɡɠ (ɧɜɞɛŬ əŬɘ Űɨˊɞɠ) ˊŮɟɜɞɨɜ ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ ŬɟɢŮɑɞ Űɖɠ 

ɔŮɤɛŮŰɟɑŬɠ, ůŰŬ ŬɟɢŮɑŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ, ɧŰŬɜ ŬɡŰɧ ˊŬɟɎɔŮŰŬɘ. ȾɎɗŮ Űɟɑɔɤɜɞ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Ůɜɧɠ ɛɧɜɞ patch, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ facet 

subsets, ɧˊɞɡ ɏɜŬ Űɟɑɔɤɜɞ ɛˊɞɟŮɑ ɜŬ ŬɜɐəŮɘ ůŮ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɜŬ. ɇŬ facet 

subsets ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɟɡɗɛɑůŮɤɜ Űɖɠ 

ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ. ȹŮ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰŬ ŬɟɢŮɑŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ, Ŭűɞɨ ŭŮ 

ɢɟɖůɘɛŮɨɞɡɜ ůŰɘɠ ŮˊɧɛŮɜŮɠ ŭɘŮɟɔŬůɑŮɠ ɛɑŬɠ ˊɟɞůɞɛɞɑɤůɖɠ. ɇŬ feature edges, 

ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ, ŭɖɚɩɜɞɡɜ ŰŬ ɧɟɘŬ Űɖɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ. ɀŮ Űɖɜ ɓɞɐɗŮɘŬ 

ŬɡŰɩɜ ɞɟɑɕɞɜŰŬɘ Ůˊɑůɖɠ əŬɘ ɞɘ ɔɤɜɑŮɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ɔɑɜɞɜŰŬɘ ŬɜŰɘɚɖˊŰɏɠ əŬɘ 

ŬɜŬɔɜɤɟɑůɘɛŮɠ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ. 

ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɞɜŰɞŰɐŰɤɜ, ˊŬɟŬŰɑɗŮŰŬɘ Űɞ 

ɆɢɐɛŬ 14, ɧˊɞɡ ɛŮ ˊɟɎůɘɜɞ ɢɟɩɛŬ ůɖɛŮɘɩɜŮŰŬɘ ɏɜŬ patch, ɛŮ ɛˊɚŮ ɢɟɩɛŬ ɏɜŬ 
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facet subset əŬɘ ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ ŰŬ ŮˊɘɚŮɔɛɏɜŬ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ feature 

edges.  

 

ɆɢɐɛŬ 14: ɄŬɟɎŭŮɘɔɛŬ ɔŮɤɛŮŰɟɘəɩɜ ɞɜŰɞŰɐŰɤɜ. 

ɇɞ ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜɞ ɛŮ ŰɏŰɞɘɞɜ Űɟɧˊɞ, 

ɩůŰŮ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɑŬ ɝŮɢɤɟɘůŰɐ ɚɑůŰŬ ŭŮŭɞɛɏɜɤɜ ɔɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ 

ɔŮɤɛŮŰɟɘəɏɠ ɞɜŰɧŰɖŰŮɠ. ȺɘŭɘəɎ ŭɘŬɛɞɟűɤɛɏɜɖ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɖ ɚɑůŰŬ Űɤɜ 

patches, ůɡɔəɟŬŰɩɜŰŬɠ ɧɢɘ ɛɧɜɞ ŰŬ ɞɜɧɛŬŰŬ ŬɚɚɎ əŬɘ Űɞɜ Űɨˊɞ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɡŰɩɜ ŮˊɘűŬɜŮɘɩɜ. ȼ ɚɑůŰŬ Űɤɜ patches ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ 

əŬɘ ɞ ɞɟɘůɛɧɠ Űɖɠ ɞűŮɑɚŮɘ ɜŬ ɔɑɜŮŰŬɘ ɛŮ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ. ȷɡŰɎ ŮɑɜŬɘ ŰŬ 

ɞɜɧɛŬŰŬ əŬɘ ɞɘ Űɨˊɞɘ Űɤɜ patches (inlet, outlet, wall, əɚˊ.) ˊɞɡ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɐůŮɘ ůŰɖ ůɡɜɏɢŮɘŬ ɞ ɢɟɐůŰɖɠ ɔɘŬ ɜŬ ɞɟɑůŮɘ ůŮ ŬɡŰɏɠ Űɘɠ ŮˊɘűɎɜŮɘŮɠ 

ɞɟɘŬəɏɠ-Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ ɐ ɎɚɚŮɠ ɘŭɘɧŰɖŰŮɠ. ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ 

ɧŰŬɜ Űɞ ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ŬˊɞɗɖəŮɨŮŰŬɘ ɤɠ fms, ftr ɐ stl. ȺɘŭɘəɎ ɞ Űɨˊɞɠ 

fms ŮɑɜŬɘ ɞ ɛɞɜŬŭɘəɧɠ, ˊɞɡ ɛˊɞɟŮɑ əŬɘ ůɡɔəŮɜŰɟɩɜŮɘ ůŮ ɏɜŬ ɛɧɜɞ ŬɟɢŮɑɞ ɧɚŮɠ 

Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɔŮɤɛŮŰɟɘəɏɠ ɞɜŰɧŰɖŰŮɠ. ȰŰůɘ ɓɞɖɗɎ 

ůŰɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ˊɟɞŮŰɞɘɛŬůɑŬ ɛɑŬɠ ŮɟɔŬůɑŬɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ əŬɘ ɔɘŬ 

ŬɡŰɧ Űɞ ɚɧɔɞ ˊɟɞŰɘɛɎŰŬɘ, ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ Űɨˊɞɡɠ. 

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜɞ ůŮ 

ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɛɞɟűɏɠ, ŰɧŰŮ ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ 

ŭɞəɘɛɎůŮɘ ɜŬ Űɞ ɛŮŰŬŰɟɏɣŮɘ ůŮ fms, ftr ɐ stl, ɛɏůɤ Űɞɡ utility surfaceConvert. 

ȷɡŰɧ Űɞ ŮɟɔŬɚŮɑɞ ŬɜɐəŮɘ ůŰɞ OpenFOAM, ŬɚɚɎ ɡˊɎɟɢɞɡɜ ŬɜŰɑůŰɞɘɢŬ utilities əŬɘ 

ůŰɖ ɓɘɓɚɘɞɗɐəɖ Űɞɡ cfMesh, ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɞɜ ɑŭɘɞ 

ůəɞˊɧ. ɇɞ ɓɐɛŬ ŬɡŰɧ ŮɑɜŬɘ əɟɑůɘɛɞ əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗŮɑŰŬɘ, əŬɗɩɠ ɛɧɜɞ 

ɞɘ ŰɟŮɘɠ ɛɞɟűɏɠ fms, ftr əŬɘ stl, ɛˊɞɟɞɨɜ ɜŬ ɞɟɑůɞɡɜ Űɘɠ ŬɜŬɔəŬɑŮɠ ˊɚɖɟɞűɞɟɑŮɠ 

Űɤɜ patches əŬɘ ɜŬ Űɘɠ ɛŮŰŬɓɘɓɎůɞɡɜ ŬɡŰɞɨůɘŮɠ ůŰŬ ŬɟɢŮɑŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ. 

ɉɤɟɑɠ ŬɡŰɞɨɠ Űɞɡɠ Űɨˊɞɡɠ ŬɟɢŮɑɤɜ, Ůɜɩ ɗŬ ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ɔɏɜŮůɖ ˊɚɏɔɛŬŰɞɠ, ɞ 

ɢɟɐůŰɖɠ ɗŬ ŭɡůəɞɚŮɡŰŮɑ ůŰŬ ŮˊɧɛŮɜŬ ůŰɎŭɘŬ Űɖɠ Ůˊɑɚɡůɐɠ Űɞɡ.    
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2.2.4. ȷˊɞŰŮɚɏůɛŬŰŬ ɛɑŬɠ ɄɚŮɔɛŬŰɞˊɞɑɖůɖɠ 

ȴůŰŮɟŬ, ɚɞɘˊɧɜ, Ŭˊɧ ɧɚɖ ŬɡŰɐɜ Űɖɜ ˊɟɞŮɟɔŬůɑŬ, ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ ɏŰɞɘɛɞɠ ɜŬ 

ˊɚɖəŰɟɞɚɞɔɐůŮɘ ůŰɞ ŰŮɟɛŬŰɘəɧ Űɞ ŬɜŰɑůŰɞɘɢɞ utility (ˊɢ. cartesianMesh), ɩůŰŮ 

ɜŬ ɔŮɜɜɖɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɚɏɔɛŬ. ȳŰŬɜ ɞɚɞəɚɖɟɤɗŮɑ ɖ ŮəŰɏɚŮůɖ Űɖɠ ŮɜŰɞɚɐɠ, 

ˊŬɟɎɔŮŰŬɘ ɏɜŬɠ ɜɏɞɠ əŬŰɎɚɞɔɞɠ ŬɟɢŮɑɤɜ ůŰɞɜ űɎəŮɚɞ constant: Ƀ əŬŰɎɚɞɔɞɠ 

polyMesh. ɇɞ polyMesh (ɆɢɐɛŬ 15) ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ, ˊɞɡ ɛɧɚɘɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ 

ŬɟɢŮɑŬ: 

¶ boundary: ɚɑůŰŬ Űɤɜ patches. ũɘŬ əɎɗŮ patch ɡˊɎɟɢŮɘ ɏɜŬ subdictionary, 

ɧˊɞɡ əŬɘ ɞɟɑɕŮŰŬɘ ˊɚɐɟɤɠ (ɧɜɞɛŬ, Űɨˊɞɠ, Ŭɟɘɗɛɧɠ Űɤɜ faces Ŭˊɧ ŰŬ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ, əɚˊ.). 

¶ faces: ɚɑůŰŬ ɧɚɤɜ Űɤɜ ŮˊɘűŬɜŮɘɩɜ əɎɗŮ ɡˊɞɚɞɔɘůŰɘəɐɠ əɡɣɏɚɖɠ əŬɘ Űɤɜ 

əɧɛɓɤɜ Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜŰŬɘ. ɇŬ faces ɛ́ ɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ŮůɤŰŮɟɘəɎ əŬɘ ɜŬ Ůɜɩɜɞɡɜ ŭɨɞ əŮɚɘɎ ɐ ɞɟɘŬəɎ əŬɘ ɜŬ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɏɜŬ 

əŮɚɑ əŬɘ ɏɜŬ patch. 

¶ neighbour: ɚɑůŰŬ Űɤɜ çɔŮɘŰɞɜɘəɩɜè əŮɚɘɩɜ ɔɘŬ əɎɗŮ face Űɞɡ dictionary 

faces. ũɘŬ ŰŬ ɞɟɘŬəɎ faces (boundary faces), Űɞ ɔŮɘŰɞɜɘəɧ əŮɚɑ ˊŬɑɟɜŮɘ Űɖɜ 

ŮŰɘəɏŰŬ   -1. 

¶ owner: ɚɑůŰŬ Űɤɜ əŮɚɘɩɜ çɘŭɘɞəŰɖŰɩɜè ɔɘŬ əɎɗŮ face Űɞɡ dictionary 

faces. 

¶ points: ɚɑůŰŬ Űɤɜ ůɡɜŰŮŰŬɔÕɏɜɤɜ ɧɚɤɜ Űɤɜ əɧɛɓɤɜ, Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ 

ŬˊɞŰŮɚɞɨɜŰŬɘ ŰŬ faces. 

ūɡůɘəɎ, ŰŬ dictionaries Űɞɡ əŬŰŬɚɧɔɞɡ polyMesh ˊɞɘəɑɚɞɡɜ ŬɜɎɚɞɔŬ ɛŮ Űɖ űɨůɖ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇŬ ˊɟɞɖɔɞɨɛŮɜŬ ŮɑɜŬɘ ŰŬ ɓŬůɘəɎ ŬɟɢŮɑŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ 

polyMesh ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ. 

ȷˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ, ɚɞɘˊɧɜ, dictionaries ɞ ɢɟɐůŰɖɠ əŬɚɧ ɗŬ ɐŰŬɜ ɜŬ ɛɖɜ 

ŰɟɞˊɞˊɞɘɐůŮɘ əŬɜɏɜŬ, Ŭűɞɨ ˊŬɟɎɔɞɜŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ ŰŬ utilities Űɞɡ cfMesh. 

ɇɞ ɛɧɜɞ ŬɟɢŮɑɞ ůŰɞ ɞˊɞɑɞ ɑůɤɠ ɢɟŮɘŬůŰŮɑ ɜŬ ˊŬɟɏɛɓŮɘ ŮɑɜŬɘ Űɞ boundary. 

ȷɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɑɚɡůɖ əŬɘ Űɞɜ ŮˊɘɚɡŰɐ (solver) ˊɞɡ ŮˊɘɚɏɔŮɘ əɎɗŮ űɞɟɎ, 

ɡˊɎɟɢɞɡɜ ůɡɔəŮɟəɘɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŭɖɚɤɗɞɨɜ ɔɘŬ əɎɗŮ ɛɑŬ 

ŮˊɘűɎɜŮɘŬ patch, ɘŭɘɧŰɖŰŮɠ ŮˊɘˊɟɧůɗŮŰŮɠ ůŮ ŬɡŰɏɠ ˊɞɡ ɏɢɞɡɜ ɐŭɖ ɞɟɘůŰŮɑ ůŰɞ 

ŬɟɢŮɑɞ fms Űɖɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ˊŮɟɜɞɨɜ ɞɨŰɤɠ ɐ Ɏɚɚɤɠ ůŰɞ ˊɚɏɔɛŬ əŬɘ ɛŮŰɎ 

ůŰɖɜ Ůˊɑɚɡůɖ. ȷɡŰɎ ŰŬ Ůˊɘˊɚɏɞɜ ɔɜɤɟɑůɛŬŰŬ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛŮ ŬˊŬɟŬɑŰɖŰŮɠ 

ˊɟɞůɗɐəŮɠ əŬɘ ˊɟɞůŬɟɛɞɔɏɠ ůŰɞ dictionary boundary. ɆŰɖɜ ˊŬɟɞɨůŬ ȺɟɔŬůɑŬ 

ɡˊɐɟɝŮ ɛɑŬ ŰɏŰɞɘŬ ŬˊŬɑŰɖůɖ, əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ŬɚɚŬɔɏɠ 

ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɖɜ ɡˊɞŮɜɧŰɖŰŬ 3.2. 

ɇɞ ůŰɎŭɘɞ Űɖɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ, ɧŰŬɜ ŮɝŮŰɎɕŮŰŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ əŬɘ ŮɝŬəɟɘɓɩɜŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰɎ Űɞɡ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞ 
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utility Űɞɡ OpenFOAM: checkMesh. ȷɡŰɧ ůəŬɜɎɟŮɘ Űɞ ˊɚɏɔɛŬ, ŮɚɏɔɢŮɘ ŮɎɜ 

ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ Ůɜɧɠ ˊɞɘɞŰɘəɎ əŬɚɞɨ ˊɚɏɔɛŬŰɞɠ, ůɨɛűɤɜŬ ɛŮ 

Űɞ OpenFOAM, əŬɘ əŬŰŬɔɟɎűŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ (ɛɏɔŮɗɞɠ ˊɚɏɔɛŬŰɞɠ, 

Űɨˊɞɠ əŮɚɘɩɜ, aspect ratio, əɚˊ.). ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ Űɘɛɏɠ Űɤɜ əɟɘŰɖɟɑɤɜ 

Ŭɝɘɞɚɧɔɖůɖɠ ɝŮˊŮɟɜɞɨɜ ŰŬ ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ, ŰɧŰŮ ɛɏůŬ ůŰɞɜ əŬŰɎɚɞɔɞ Űɞɡ 

polyMesh ɔŮɜɜɎŰŬɘ əŬɘ ɞ űɎəŮɚɞɠ sets. ȷɡŰɧɠ ůɡɔəŮɜŰɟɩɜŮɘ ɧɚŬ ŰŬ dictionaries, 

ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ˊɟɞɓɚɖɛŬŰɘəɎ ɛɏɟɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ. ȾɎɗŮ dictionary 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɑŬ ɚɑůŰŬ ŰɛɖɛɎŰɤɜ Űɞɡ ˊɚɏɔɛŬŰɞɠ, ɛŮ ɏɜŬ əɞɘɜɧ, ˊɟɞɓɚɖɛŬŰɘəɧ 

ɔɘŬ Űɞ ˊɚɏɔɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ. ɄŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɖ, ɔɘŬ ɏɜŬ ˊɚɏɔɛŬ ɛŮ ŬůŰɞɢɑŬ 

ůŰŬ skewness əŬɘ non-orthogonality, ɞ əŬŰɎɚɞɔɞɠ sets ɗŬ ˊŮɟɘɏɢŮɘ ɏɜŬ 

dictionary skewFaces, ɛŮ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ əŮɚɘɩɜ, ɧˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ɛɖ 

ŮˊɘŰɟŮˊŰɧ skewness, əŬɘ ɏɜŬ dictionary nonOrthoFaces, ɛŮ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ 

əŮɚɘɩɜ, ɧˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ɛɖ ŮˊɘŰɟŮˊŰɧ non-orthogonality. ɀŮ Űɖ ɓɞɐɗŮɘŬ 

ŰɏŰɞɘɤɜ dictionaries, ɔɑɜŮŰŬɘ ŭɡɜŬŰɧɠ ɞ ŮɜŰɞˊɘůɛɧɠ Űɤɜ ůűŬɚɛɎŰɤɜ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ ˊɎɜɤ ůŰɖ ɔŮɤɛŮŰɟɑŬ əŬɘ ŭɘŮɡəɞɚɨɜŮŰŬɘ ɖ ŭɘɧɟɗɤůɖ əŬɘ ɖ ɓŮɚŰɑɤůɖ 

Űɞɡ ˊɚɏɔɛŬŰɞɠ (ɓɚ. ɄŬɟɎɟŰɖɛŬ ȹ). ɇɞɜɑɕŮŰŬɘ ɧŰɘ ɏɜŬ ˊɚɏɔɛŬ, ɔɘŬ ɜŬ ɔɑɜŮɘ 

ŬˊɞŭŮəŰɧ, ŭŮ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŰɖɟŮɑ ŬˊɧɚɡŰŬ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɞɡ OpenFOAM. 

ȷəɧɛŬ əŬɘ ɛŮ ɛɑŬ ɛɘəɟɐ Ŭˊɧəɚɘůɖ Ŭˊɧ ŬɡŰɏɠ, ɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɛˊɞɟɏɘ ɜŬ ŮɑɜŬɘ Űɞ ɑŭɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ.   

 

 

ɆɢɐɛŬ 15: ɄŬɟɎŭŮɘɔɛŬ əŬŰŬɚɧɔɞɡ polyMesh. 

ɄɏɟŬ Ŭˊɧ Űɞ checkMesh, ɡˊɎɟɢɞɡɜ əŬɘ ɎɚɚŬ utilities Űɞɡ OpenFOAM əŬɘ Űɞɡ 

cfMesh, ŰŬ ɞˊɞɑŬ ŭɑɜɞɡɜ ŮɜŰɞɚɐ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ faces ɛŮ əɞɘɜɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ, Űɞ ɞˊɞɑɞ ŭŮ ůɢŮŰɑɕŮŰŬɘ ŬɜŬɔəŬůŰɘəɎ ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ 
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ˊɚɏɔɛŬŰɞɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɏɜŬ ŰɏŰɞɘɞ utility ŮɑɜŬɘ Űɞ setsToZones, Űɞ ɞˊɞɑɞ 

ŭɖɛɘɞɡɟɔŮɑ ůɖɛŬɜŰɘəɏɠ ɕɩɜŮɠ Ŭˊɧ faces (ɓɚ. ɡˊɞŮɜɧŰɖŰŬ 3.2.). ȾŬɘ ŰŬ 

dictionaries, ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ ŰɏŰɞɘɤɜ utilities, ŬˊɞɗɖəŮɨɞɜŰŬɘ 

ůŰɞɜ əŬŰɎɚɞɔɞ sets.  

ɇɞ ˊɚɏɔɛŬ ɛˊɞɟŮɑ ɜŬ ɞˊŰɘəɞˊɞɘɖɗŮɑ ɢɎɟɖ ůŰɞ directory Űɞɡ polyMesh ůŮ 

ˊɟɞɔɟɎɛɛŬŰŬ ɧˊɤɠ Űɞ ParaView. ɆŰɞ ɄŬɟɎɟŰɖɛŬ ȹ ŭɑɜŮŰŬɘ Ůˊɑůɖɠ əɎˊɞɘŮɠ 

ɞŭɖɔɑŮɠ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Ůɜɧɠ ˊɚɏɔɛŬŰɞɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ParaView. 
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3. ɄɟɞŮŰɞɘɛŬůɑŬ Űɖɠ Ⱥˊɑɚɡůɖɠ Űɖɠ Ʌɞɐɠ ůŰɖɜ 

ɄŰŮɟɤŰɐ Űɖɠ ūɡɔɞəŮɜŰɟɘəɐɠ ȷɜŰɚɑŬɠ 

ɆŰɖɜ ȺɜɧŰɖŰŬ 3 ˊɟɞɓɎɚɚŮŰŬɘ Űɞ setup ůŰɞ ɚɞɔɘůɛɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ 

OpenFOAM, ɔɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŰɖɜ ˊŰŮɟɤŰɐ Űɖɠ űɡɔɞəŮɜŰɟɘəɐɠ 

ŬɜŰɚɑŬɠ Űɞɡ ɗɏɛŬŰɞɠ. Ⱥŭɩ, ŰŬ ůɖɛŮɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ŮɑɜŬɘ: 

¶ ɖ ŭɘŬɑɟŮůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɢɤɟɑɞɡ Űɖɠ ɟɞɐɠ ůŰŬ Ůˊɘɛɏɟɞɡɠ patches, 

¶ ɞ əŮɜŰɟɘəɧɠ ŮˊɘɚɡŰɐɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, 

¶ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ Űɨɟɓɖɠ, 

¶ ɞɘ Ŭɟɢɘəɏɠ əŬɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ, 

¶ ŰŬ ůɢɐɛŬŰŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ, 

¶ ɞɘ ɓɞɖɗɖŰɘəɞɑ ŮˊɘɚɡŰɏɠ əŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɢŬɚɎɟɤůɖɠ, 

¶ ɞɘ ŮˊɘˊɟɧůɗŮŰŮɠ ůɡɜŬɟŰɐůŮɘɠ ɡˊɞɚɞɔɘůɛɞɨ ɛŮɔŮɗɩɜ əŬɘ ŬˊɞɗɐəŮɡůɖɠ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ Űɏɚɞɠ 

¶ ɞɘ ůɡɜŰŮɚŮůŰɏɠ Ůɚɏɔɢɞɡ əŬɘ ɢŮɘɟɘůɛɞɨ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ. 

ũɘŬ Űɖɜ ŬəɟɘɓɏůŰŮɟɖ ˊŬɟɞɡůɑŬůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ Ůˊɑɚɡůɖɠ, ˊŬɟŬŰɑɗŮɜŰŬɘ 

ŬɜŬɚɡŰɘəɎ ŰŬ dictionaries Űɞɡ case, ɧˊɤɠ ŬɡŰɎ ŭɘŬɛɞɟűɩɗɖəŬɜ əŬŰɎ Űɖɜ 

Ůəˊɧɜɖůɖ Űɖɠ ȺɟɔŬůɑŬɠ. ȳˊɞɡ ɢɟŮɘɎɕŮŰŬɘ, ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ůɢɧɚɘŬ, 

ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ ŮˊŮɝɖɔɐůŮɘɠ. ɆŮ ŬɡŰɐ Űɖɜ ȺɜɧŰɖŰŬ, əŬŰŬɔɟɎűŮŰŬɘ ɛɧɜɞ ɖ 

ŰŮɚɘəɐ ɛɞɟűɐ Űɞɡ setup Űɖɠ Ůˊɑɚɡůɖɠ, ɖ ɞˊɞɑŬ ŮˊɘɚɏɢɗɖəŮ ɛŮŰɎ Ŭˊɧ ˊɞɚɚɏɠ 

ŭɞəɘɛɏɠ ŭɘŬűɧɟɤɜ ŮɟɔŬɚŮɑɤɜ Űɞɡ OpenFOAM. ūɡůɘəɎ, ɡˊɎɟɢɞɡɜ əŬɘ Ɏɚɚɞɘ 

Űɟɧˊɞɘ Ůˊɑɚɡůɖɠ, ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ Űɞ case ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ Ůɝɑůɞɡ əŬɚɎ, 

ɐ ŬəɧɛŬ əŬɘ ɜŬ ɓŮɚŰɘɤɗŮɑ. 
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 3.1. ɉɤɟɘůɛɧɠ Űɖɠ ũŮɤɛŮŰɟɑŬɠ ůŮ Patches 

ȼ ˊŰŮɟɤŰɐ Űɖɠ ŬɜŰɚɑŬɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 5 ůɡɛɛŮŰɟɘəɎ űŰŮɟɎ 

(ɆɢɐɛŬ 16). Ⱥˊɞɛɏɜɤɠ, ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ɟɞɐɠ, ɢɟŮɘɎůŰɖəŮ ɛɧɜɞ Űɞ 1/5 Űɖɠ 

ɔŮɤɛŮŰɟɑŬɠ Űɖɠ ˊŰŮɟɤŰɐɠ (ɆɢɐɛŬ 17). ȷɡŰɧ ɢɤɟɑůŰɖəŮ ůŮ 7 ɓŬůɘəɎ patches, ŰŬ: 

1. inlet (ŮˊɘűɎɜŮɘŬ Ůɘůɧŭɞɡ Űɖɠ ɟɞɐɠ), 

2. outlet (ŮˊɘűɎɜŮɘŬ Ůɝɧŭɞɡ Űɖɠ ɟɞɐɠ), 

3. shroud (ŮɝɤŰŮɟɘəɐ ŮˊɑůŰɟɤůɖ Űɖɠ ɟɞɐɠ ůŰɞ ŮůɤŰɟɘəɧ Űɖɠ ˊŰŮɟɤŰɐɠ əŬɘ 

ŮűŬˊŰɞɛŮɜɘəɎ ɛŮ Űɞ əɏɚɡűɞɠ), 

4. hub (ŮɝɤŰŮɟɘəɐ ŮˊɑůŰɟɤůɖ Űɖɠ ɟɞɐɠ ůŰɞ ŮůɤŰɟɘəɧ Űɖɠ ˊŰŮɟɤŰɐɠ əŬɘ 

ŮűŬˊŰɞɛŮɜɘəɎ ɛŮ Űɖɜ ˊɚɐɛɜɖ), 

5. blade (ŮˊɘűɎɜŮɘŬ ˊŮɟɘűŮɟŮɘŬəɎ Űɞɡ ˊŰŮɟɡɔɑɞɡ), 

6. cyclic1 (ˊɟɩŰɖ ˊŮɟɘɞŭɘəɐ ŮˊɘűɎɜŮɘŬ) əŬɘ 

7. cyclic2 (ŭŮɨŰŮɟɖ ˊŮɟɘɞŭɘəɐ ŮˊɘűɎɜŮɘŬ). 

ɀŮ ŬɡŰɏɠ Űɘɠ ɡˊɞɞɛɎŭŮɠ ŮˊɘűŬɜŮɘɩɜ, ˊŬɟŬŰɖɟɐɗɖəŬɜ əɎˊɞɘŬ ˊɟɞɓɚɐɛŬŰŬ əŬŰɎ 

Űɖɜ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊŬɟŬɢɗɏɜŰɞɠ 

ˊɚɏɔɛŬŰɞɠ (ɓɚ. ɡˊɞŮɜɧŰɖŰŬ 4.1.). ũɘŬ Űɖɜ Ŭˊɞűɡɔɐ ŬɡŰɩɜ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ, 

ɏˊɟŮˊŮ ɜŬ ɔɑɜɞɡɜ ɛŮɟɘəɞɑ Ůˊɘˊɚɏɞɜ ŭɘŬɢɤɟɘůɛɞɑ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ, ŰŮɚɘəɎ, ŰŬ 

patches ɜŬ ɞɟɔŬɜɤɗɞɨɜ ɤɠ Ůɝɐɠ: 

1. inlet, 

2. outlet, 

3. shroud_MainBody, 

4. shroud_ProblemArea, 

5. hub_MainBody, 

6. hub_ProblemArea, 

7. blade_MainBody, 

8. blade_Top, 

9. cyclic_1, 

10. cyclic_Base1, 

11. cyclic_Top1, 

12. cyclic_2, 

13. cyclic_Base2 əŬɘ 

14. cyclic_Top2. 

ȳɚŬ ŬɡŰɎ ŰŬ ɛɏɟɖ űŬɑɜɞɜŰŬɘ Ů́ Ɏɜɤ ůŰɞ ɢɤɟɑɞ ůŰɖɠ ɟɞɐɠ ůŰŬ ɆɢɐɛŬŰŬ 18, 19, 

20 əŬɘ 21 əŬɘ ɖ ɢɟɖůɘɛɧŰɖŰɎ Űɞɡɠ ŮˊŮɝɖɔŮɑŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɖɜ ȺɜɧŰɖŰŬ 4. 
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ɆɢɐɛŬ 16: ɇɞ ɢɤɟɑɞ Űɖɠ ɟɞɐɠ ůŮ ɞɚɧəɚɖɟɖ Űɖ űɡɔɞəŮɜŰɟɘəɐ ŬɜŰɚɑŬ (ůɤɚɐɜŬɠ 
ŬɜŬɟɟɧűɖůɖɠ, ˊŰŮɟɤŰɐ, əɏɚɡűɞɠ) ůŰɞ ůɢŮŭɘŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ SALOME. 

 

ɆɢɐɛŬ 17: ɇɞ ɢɤɟɑɞ Űɖɠ ɟɞɐɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɞ ůɢŮŭɘŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ 
SALOME. 
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ɆŰɞɜ ɄɑɜŬəŬ 1 ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ŰŬ ɞɜɧɛŬŰŬ əŬɘ ɞ Űɨˊɞɠ Űɤɜ patches:  

ɄɑɜŬəŬɠ 1: ɃɜɧɛŬŰŬ əŬɘ Űɨˊɞɘ Űɤɜ patches. 

Patch 

ȷ/ȷ ȳɜɞɛŬ ɇɨˊɞɠ 

1 inlet patch 

2 outlet patch 

3 shroud_MainBody wall 

4 shroud_ProblemArea wall 

ɆɢɐɛŬ 20: cyclic_1, cyclic_Base1, 

                 cyclic_Top1 

                 hub_MainBody  

                 hub_ProblemArea  
 

ɆɢɐɛŬ 18: inlet  

                 outlet 

                 shroud_MainBody  

                 shroud_ProblemArea  

ɆɢɐɛŬ 19: cyclic_2, cyclic_Base2, 

                 cyclic_Top2  

                 blade_Top  

ɆɢɐɛŬ 21: blade_MainBody 
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5 hub_MainBody wall 

6 hub_ProblemArea wall 

7 blade_MainBody wall 
8 blade_Top wall 

9 cyclic_1 cyclicGgi 

10 cyclic_Base1 cyclicGgi 

11 cyclic_Top1 cyclicGgi 

12 cyclic_2 cyclicGgi 

13 cyclic_Base2 cyclicGgi 
14 cyclic_Top2 cyclicGgi 

 

3.2. ȺɟɔŬɚŮɑɞ cyclicGgi 

ȼ ˊɟɞůɞÕɞɑɤůɖ Űɖɠ ɟɞɐɠ ůŰɖɜ ˊŰŮɟɤŰɐ ɛɑŬɠ ŬɜŰɚɑŬɠ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ Ůˊɘɓɞɚɐ 

ůɡɜɗɖəɩɜ ˊŮɟɘɞŭɘəɧŰɖŰŬɠ Űɖɠ ɟɞɐɠ ůŰŬ ŬɜŰɑůŰɞɘɢŬ ˊŮɟɘɞŭɘəɎ ɧɟɘŬ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ (Ůŭɩ ůŰŬ ɧɟɘŬ cyclic_1-cyclic_Base1-cyclic_Top1 əŬɘ 

cyclic_2-cyclic_Base2-cyclic_Top2). ɄɟɞəŮɘÕɏɜɞɡ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ ɛɑŬ ŰɏŰɞɘŬ 

ɟɨɗɛɘůɖ, ˊɟɏˊŮɘ ɛŮ əɎˊɞɘɞɜ Űɟɧˊɞ ɜŬ Ůˊɘəɞɘɜɤɜɐůɞɡɜ ÕŮŰŬɝɨ Űɞɡɠ ɞɘ 

ŮˊɘűɎɜŮɘŮɠ, ˊɞɡ Ŭˊɏɢɞɡɜ ɖ ɛɑŬ Ŭˊɧ Űɖɜ Ɏɚɚɖ əŬŰɎ Űɞ ɓɐÕŬ Űɖɠ ˊŰŮɟɨɔɤůɖɠ. 

ɆŰɞ OpenFOAM, ɖ ŮˊɘəɞɘɜɤɜɑŬ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɏůɤ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɩɜ ŮɟɔŬɚŮɑɤɜ: Űɞɡ ŮɟɔŬɚŮɑɞɡ cyclic ɐ Űɞɡ ŮɟɔŬɚŮɑɞɡ cyclicGgi.  

Ƀ Űɨˊɞɠ cyclic ˊɟɎɔɛŬŰɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ɔŮɤɛŮŰɟɑŮɠ 

əŬɘ ŮˊɘŰɟɏˊŮɘ ůŮ ŭɨɞ patches ɜŬ ɗŮɤɟɖɗɞɨɜ ˊŮɟɘɞŭɘəɎ ůɡɜŭŮŭŮɛɏɜŬ. ȿŮɘŰɞɡɟɔŮɑ 

ɔɘŬ ɔɟŬɛɛɘəɏɠ ˊŰŮɟɡɔɩůŮɘɠ, ɛŮ Űɖɜ ŬɡůŰɖɟɐ ˊɟɞɦˊɧɗŮůɖ, ɞɘ ŭɨɞ ˊŮɟɘɞŭɘəɏɠ 

ŮˊɘűɎɜŮɘŮɠ ɜŬ ŮɑɜŬɘ ŬˊɧɚɡŰŬ, əɧɛɓɞ-ˊɟɞɠ-əɧɛɓɞ ŰŬɡŰɧůɖɛŮɠ (ɔŮɤɛŮŰɟɘəɐ, 

ŭɘŬůŰŬůɘɞɚɞɔɘəɐ, ˊɚŮɔɛŬŰɘəɐ ŰŬɨŰɘůɖ). ɃɟɑɕŮŰŬɘ Űɧůɞ əŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ 

Űɨˊɞɡ Űɤɜ patches (ůŰɞ ŬɟɢŮɑɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ůŰŬ dictionaries Űɤɜ 

Ŭɟɢɘəɩɜ/ɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ), ɧůɞ əŬɘ əŬŰɎ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ŭɘŬɛɧɟűɤůɖ Űɞɡ 

dictionary boundary, ɛŮŰɎ Űɖ ɔɏɜŮůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ. ɆŰɞ boundary, ŰŬ 

ˊŮɟɘɞŭɘəɎ patches ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛɏůɤ ɚɏɝŮɤɜ əɚŮɘŭɘɎ, ɧˊɤɠ 

neighbourPatch, matchTolerance əɚˊ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɔɘŬ Ŭˊɚɏɠ 

ɔŮɤɛŮŰɟɑŮɠ əŬɘ ˊɚɏɔɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛŮ Űɞ utility Űɞɡ blockMesh, 

ɧˊɞɡ ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟɞ ɜŬ ˊŬɟŬɢɗɞɨɜ ŰŬɡŰɧůɖɛŮɠ ˊŮɟɘɞŭɘəɏɠ ŮˊɘűɎɜŮɘŮɠ, 

ůɡɔəɟɘŰɘəɎ ɛŮ ɎɚɚŬ ˊɟɞɔɟɎɛɛŬŰŬ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ, ɧˊɤɠ Űɞ cfMesh. 

ȳˊɤɠ ɔɑɜŮŰŬɘ əŬŰŬɜɞɖŰɧ, Űɞ ŮɟɔŬɚŮɑɞ cyclic ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɧ, ɩůŰŮ ɜŬ əŬɚɨɣŮɘ 

ɧɚŮɠ Űɘɠ ˊɘɗŬɜɏɠ ŬɜɎɔəŮɠ Ůˊɑɚɡůɖɠ Ůɜɧɠ ɡˊɞɚɞɔɘůŰɘəɞɨ ɗɏɛŬŰɞɠ ɛŮ 

ˊŮɟɘɞŭɘəɧŰɖŰŬ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɛŮ Űɖɜ ɏəŭɞůɖ 1.5 Űɞɡ OpenFOAM, ůɡůŰɐɜŮŰŬɘ 

ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ ŮɟɔŬɚŮɑɞ ggi (General Grid Interpolation ï ũŮɜɘəɐ 

ɄɚŮɔɛŬŰɘəɐ ɄŬɟŮɛɓɞɚɐ). ȷɡŰɧ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟɘɞŭɘəɧŰɖŰŬɠ ůŮ ɔɟŬɛɛɘəɐ 

ˊŰŮɟɨɔɤůɖ, ɢɤɟɑɠ Űɖɜ ˊɚɐɟɖ ŰŬɨŰɘůɖ Űɤɜ ɞɟɘŬəɩɜ ˊɚŮɔɛŬŰɘəɩɜ 

ŮˊɘűŬɜŮɘɩɜ. ɀɎɚɘůŰŬ, ůŰɖɜ ɏəŭɞůɖ 1.6-ext Űɞɡ OpenFOAM, ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬɘ ɖ 
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ˊŮɟɘɞŭɘəɧŰɖŰŬ ɛɖ ŰŬɡŰɧůɖɛɤɜ ŮˊɘűŬɜŮɘɩɜ ůŮ ́ŮɟɘűŮɟŮɘŬəɐ ˊŰŮɟɨɔɤůɖ, 

ɢɎɟɖ ůŰɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ůɡɜɗɐəɖɠ cyclicGgi (ɄŬˊŬəɤɜůŰŬɜŰɑɜɞɡ, 2011).   

ɇɞ ŮɟɔŬɚŮɑɞ cyclicGgi ŬɜŬɚŬÕɓɎɜŮɘ ɜŬ ůŰɟɏɣŮɘ əŬŰɎɚɚɖɚŬ ŰŬ ŰŬɜɡůŰɘəɎ əŬɘ 

ŭɘŬɜɡůÕŬŰɘəɎ ÕŮɔɏɗɖ ˊɟɞəŮɘÕɏɜɞɡ ɜŬ ˊɚɖɟɞɨɜŰŬɘ ɞɘ ůɡɜɗɐəŮɠ ˊŮɟɘűŮɟŮɘŬəɐɠ 

ˊŮɟɘɞŭɘəɧŰɖŰŬɠ. 

Ƀɘ ˊŮɟɘɞŭɘəɏɠ ŮˊɘűɎɜŮɘŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ cyclic1 (cyclic_1, cyclic_Base1, 

cyclic_Top1) əŬɘ cyclic2 (cyclic_2, cyclic_Base2, cyclic_Top2) ŮˊɘɚɏɢɗɖəŮ, 

űɡůɘəɎ, ɜŬ ɞɟɘůŰɞɨɜ ɤɠ cyclicGgi. ȷɡŰɧɠ ɐŰŬɜ əŬɘ ɞ ɚɧɔɞɠ ˊɞɡ ɖ Ůˊɑɚɡůɖ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ȺɟɔŬůɑŬɠ ŬɜŬŰɏɗɖəŮ ůŰɖɜ ɏəŭɞůɖ foam-extend-4.0 Űɞɡ 

OpenFOAM. ȷɡŰɐ ŮɑɜŬɘ ɖ ŰŮɚŮɡŰŬɑŬ ɏəŭɞůɖ Űɞɡ OpenFOAM ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ 

Űɖɜ ˊŮɟɘɞŭɘəɧŰɖŰŬ ɛɏůɤ cyclicGgi əŬɘ, ˊŬɟɎɚɚɖɚŬ, ŮɑɜŬɘ ůɡɛɓŬŰɐ ɛŮ Űɖ 

ɓɘɓɚɘɞɗɐəɖ Űɞɡ cfMesh.  

ȷɟɢɘəɎ, Űɞ cyclicGgi ɞɟɑɕŮŰŬɘ ɛɏůŬ ůŰɞ ŬɟɢŮɑɞ fms Űɖɠ ɔŮɤɛŮŰɟɑŬɠ, ɔɘŬ ŰŬ 

cyclic1 əŬɘ cyclic2. ɆŮ ŮˊɧɛŮɜɞ ɓɐɛŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɝŬɜŬɞɟɘůŰŮɑ Ŭəɟɘɓɩɠ ɛŮŰɎ 

Űɖɜ ŮɜŰɞɚɐ cartesianMesh, ɛɏůŬ ůŰɞ dictionary boundary Űɞɡ polyMesh. ɇɞ 

boundary ˊɟɏˊŮɘ ɜŬ ɡˊɞůŰŮɑ Űɖɜ əŬŰɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ, ˊɟɞŰɞɨ ŮəŰŮɚŮůŰŮɑ 

ɞˊɞɘɞŭɐˊɞŰŮ Ɏɚɚɞ utility. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ, Űɞ ůɨůŰɖɛŬ ɗŬ ŬɜŬɔɜɤɟɑɕŮɘ 

ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ cyclicGgi patches, ɛŮ əŬɛɑŬ ůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɞɡɠ, Ŭˊɧ ŰŬ 

ɞˊɞɑŬ əŬɜɏɜŬ ŭŮ ɗŬ ɏɢŮɘ shadow patch əŬɘ ɗŬ ŭɩůŮɘ ɏɜŭŮɘɝɖ ůűɎɚɛŬŰɞɠ. 

Ⱥˊɑůɖɠ, ɔɘŬ ŰŬ patches cyclicGgi, ˊɟɏˊŮɘ ɜŬ ŰŮɗɞɨɜ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Ŭɟɢɘəɏɠ 

əŬɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ůŰɞɜ űɎəŮɚɞ 0, ɔɘŬ ɧɚŬ ŰŬ ɛŮɔɏɗɖ Űɞɡ əŬŰŬɚɧɔɞɡ. ɇɏɚɞɠ, 

ɔɘŬ Űɞɜ ˊɚɐɟɖ ɞɟɘůɛɧ Űɞɡ, ŮɑɜŬɘ ɡˊɞɢɟŮɤŰɘəɐ ɖ ŮɜůɤɛɎŰɤůɖ Ůɜɧɠ script 

(setBatchGgi) ɛɏůŬ ůŰɞɜ əŬŰɎɚɞɔɞ Űɞɡ case, ˊɎɜɤ ůŰɞ ɞˊɞɑɞ ɗŬ ɓŬůɘůŰɞɨɜ 

ŭɨɞ ŮɜŰɞɚɏɠ ˊɞɡ ɗŬ əɚɖɗŮɑ ŬɟɔɧŰŮɟŬ ɜŬ ŮəŰŮɚɏůŮɘ ɞ ɢɟɐůŰɖɠ: ɞɘ setSet əŬɘ 

setsToZones.       

ɆŰŬ ɆɢɐɛŬŰŬ 22 əŬɘ 23 űŬɑɜŮŰŬɘ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ŭɘŬɛɞɟűɤɛɏɜɞɡ dictionary 

boundary ɔɘŬ ŭɨɞ ůɡɜŭŮɧɛŮɜŬ cyclicGgi patches əŬɘ ɖ ɛɞɟűɐ Űɞɡ script 

setBatchGgi. Ƀ Űɟɧˊɞɠ ŮəŰɏɚŮůɖɠ Űɤɜ ŮɜŰɞɚɩɜ setSet əŬɘ setsToZones 

űŬɑɜŮŰŬɘ ůŰɞ ˊɟɩŰɞ ůɢɐɛŬ Űɖɠ ȺɜɧŰɖŰŬɠ 5. 

 

ɆɢɐɛŬ 22: Script setBatchGgi. 
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ɆɢɐɛŬ 23: ȹɘŬɛɧɟűɤůɖ ɔɘŬ ŰŬ patches Űɨˊɞɡ cyclicGgi, ŮɜŰɧɠ Űɞɡ dictionary boundary. 

 

3.3. ȺˊɘɚɡŰɐɠ simpleSRFFoam 

Ƀ solver ˊɞɡ ŮˊɘɚɏɢŰɖəŮ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ ɐŰŬɜ ɞ 

simpleSRFFoam (simpleFoam in a single rotating frame). ȷɡŰɧɠ ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ 

Űɞɡɠ ɓŬůɘəɞɨɠ ŮˊɘɚɡŰɏɠ ɟɞɐɠ ˊɞɡ ŭɘŬŰɑɗŮɜŰŬɘ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ ˊŬəɏŰɞ Űɞɡ 

OpenFOAM. ȺɑɜŬɘ əŬŰɎɚɚɖɚɞɠ ɔɘŬ ŰŬ ́ɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŬ 

ŬəɧɚɞɡɗŬ ɔɜɤɟɑůɛŬŰŬ: 

¶ ɛɧɜɘɛɖ (steady-state), 

¶ Űɡɟɓɩŭɖɠ ɟɞɐ (turbulent flow) ɛŮ 

¶ ŬůɡɛˊɑŮůŰɞ (incompressible flow), 

¶ ɜŮɡŰɩɜɘɞ ɟŮɡůŰɧ (newtonian fluid) ůŮ 

¶ ɏɜŬ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ˊɚŬɑůɘɞ (single rotating frame). 
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ɆɡɜŮˊɩɠ, ɞ simpleSRFFoam ŰŬɘɟɘɎɕŮɘ ŬˊɧɚɡŰŬ ɛŮ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ˊŰŮɟɤŰɐɠ ůŮ ŬɜŰɚɑŬ ɜŮɟɞɨ. ȹɘŮɡəɟɘɜɑɕŮŰŬɘ, ɧŰɘ ůŰŬ ŮɔɢŮɘɟɑŭɘŬ Űɤɜ 

ŭɘŬűɧɟɤɜ ŮəŭɧůŮɤɜ Űɞɡ OpenFOAM, ɞ simpleSRFFoam ˊŬɟɞɡůɘɎɕŮŰŬɘ ɤɠ 

ŮˊɘɚɡŰɐɠ ɔɘŬ ɛɖ-ɜŮɡŰɩɜɘŬ ɟŮɡůŰɎ (non-Newtonian fluids). ɄŬɟɧɚŬ ŬɡŰɎ, əŬŰɎ Űɖ 

ɛŮɚɏŰɖ Űɞɡ ŮɟɔŬɚŮɑɞɡ, ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ŮɑɜŬɘ Ůɝɑůɞɡ ŬˊɞŭɞŰɘəɧɠ ɔɘŬ ŰŬ ɜŮɡŰɩɜɘŬ 

ɟŮɡůŰɎ. ȷɡŰɧ, ɛɎɚɘůŰŬ, ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ ŰŬ ́ɟɞɦˊɎɟɢɞɜŰŬ ůŰɞ OpenFOAM 

tutorials (ɧˊɤɠ ŬɡŰɧ ůŰɞ openfoam5/ tutorials/ incompressible/ 

SRFSimpleFoam/ mixer əŬɘ ůŰɞ foam-extend-4.0/ tutorials/ incompressible/ 

simpleSRFFoam/ axialTurbine əŬɘ mixer), ɧˊɞɡ ůŰɞ constant/ 

transportProperties ůɖɛŮɘɩɜŮŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

transportModel: Newtonian; . 

ɆŰɖɜ ɏəŭɞůɖ Űɞɡ OpenFOAM 5.0, ɞ ŮˊɘɚɡŰɐɠ ŬɜŬűɏɟŮŰŬɘ ɛŮ Űɞ ɧɜɞɛŬ 

SRFSimpleFoam, Ůɜɩ ůŰɖɜ ɏəŭɞůɖ Űɞɡ foam-extend-4.0 ɛŮ Űɞ ɧɜɞɛŬ 

simpleSRFFoam. 

ɇɞ ŬɟəŰɘəɧɚŮɝɞ SRF ůɖɛŬɑɜŮɘ Single Rotating Frame of Reference. Ƀ 

ŮˊɘɚɡŰɐɠ simpleSRFFoam ɢɟɖůɘɛɞˊɞɘŮɑ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ əŬɘ 

ɡˊɞɚɞɔɑɕŮɘ Űɘɠ ůɢŮŰɘəɏɠ ɛŮ Űɞ ˊŮɟɘůŰɟŮűɧɛŮɜɞ ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ ŰŬɢɨŰɖŰŮɠ əŬɘ 

ɟɞɏɠ. ɃɡůɘŬůŰɘəɎ, ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞɜ ŮˊɘɚɡŰɐ simpleFoam, ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ 

ɛŮŰŬŰɟɞˊɏɠ: 

¶ ůŰɖɜ Ůɝɑůɤůɖ ŭɘŬŰɐɟɖůɖɠ Űɖɠ ůŰɟɞűɞɟɛɐɠ, ɔɘŬ Űɖ ŭɨɜŬɛɖ Ⱦɞɟɘɧɚɘɠ 

(Coriolis force) əŬɘ Űɖ űɡɔɞəŮɜŰɟɘəɐ ŭɨɜŬɛɖ (centrifugal force): 

 

​Ͻόᴆṧόᴆ ς ᴆ όᴆ  ᴆ  ᴆ ὶᴆ ​ ὺ​Ͻ​όᴆ, 

 

​Ͻόᴆ π 

ɛŮ όᴆ όᴆ  ᴆ ὶᴆ, 

¶ ɞɟɘůŰɘəɞˊɞɘŮɑŰŬɘ Űɞ ŭɘɎɜɡůɛŬ omega (ŭɖɚŬŭɐ ɞɘ ůŰɟɞűɏɠ) əŬɘ 

¶ ɖ ŰŬɢɨŰɖŰŬ ɞɟɑɕŮŰŬɘ ɤɠ ůɢŮŰɘəɐ (Urel). 

ȳɚŬ ŰŬ ŬɟɢŮɑŬ ůŰŬ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ simpleSRFFoam 

ɓɟɑůəɞɜŰŬɘ ůŰɞ űɎəŮɚɞ simpleSRFFoam, əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ foam-extend-

4.0/ applications/ solvers/ incompressible/ simpleSRFFoam (ŮɜŰɞɚɐ 

$FOAM_SOLVERS/incompressible/simpleSRFFoam ůŰɞ ŰŮɟɛŬŰɘəɧ). ũɘŬ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŮɝɘůɩůŮɘɠ Űɞɡ ŮˊɘɚɡŰɐ əŬɘ Űɘɠ 

Coriolis Centrifugal 
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ŮɝɘůɩůŮɘɠ Űɖɠ ɟɞɐɠ Navier-Stokes, ɞ ŬɜŬɔɜɩůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬŰɟɏɝŮɘ ůŰɞ 

ɄŬɟɎɟŰɖɛŬ ȷ. 

ũɘŬ Űɖɜ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŮˊɘɚɡŰɐ simpleSRFFoam, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ Űɞ 

Ŭɟɢɘəɧ case Űɖɠ ɡˊɞŮɜɧŰɖŰŬɠ 2.1.3. ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ, ůɨɛűɤɜŬ ɛŮ Űɘɠ 

ŮˊɧɛŮɜŮɠ ɞŭɖɔɑŮɠ: 

¶ ůŰɞɜ əŬŰɎɚɞɔɞ 0 əŬɘ ůŰɞ dictionary Urel ˊɟɏˊŮɘ ɞ Űɨˊɞɠ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ patches (inlet əŬɘ shroud ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ) ɜŬ 

ɟɡɗɛɘůŰŮɑ ɤɠ SRFVelocity (ɆɢɐɛŬ 37),   

¶ ůŰɞɜ əŬŰɎɚɞɔɞ constant ˊɟɏˊŮɘ ɜŬ ˊɟɞůŰŮɗŮɑ Űɞ dictionary 

SRFProperties (ɆɢɐɛŬ 27) əŬɘ 

¶ ůŰɞɜ əŬŰɎɚɞɔɞ system əŬɘ ůŰɞ dictionary controlDict ˊɟɏˊŮɘ ɖ ɚɏɝɖ 

əɚŮɘŭɑ application ɜŬ ɞɟɘůŰŮɑ ɤɠ simpleSRFFoam (ɆɢɐɛŬ 39). 

ȷűɞɨ ɞɚɞəɚɖɟɤɗŮɑ ɖ əŬŰɎɚɚɖɚɖ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ case, ɞ ŮˊɘɚɡŰɐɠ 

simpleSRFFoam ɛˊɞɟŮɑ ɜŬ ŰŮɗŮɑ ůŮ ɚŮɘŰɞɡɟɔɑŬ, ɧŰŬɜ ɞ ɢɟɐůŰɖɠ 

ˊɚɖəŰɟɞɚɞɔɐůŮɘ ůŰɞ ŰŮɟɛŬŰɘəɧ Űɞ ɧɜɞɛɎ Űɞɡ: 

 

ɆɢɐɛŬ 24: ȺɜŰɞɚɐ ŮəŰɏɚŮůɖɠ Űɞɡ solver simpleSRFFoam ůŰɞ foam-extend-4.0. 

ȼ ůɡɜɎɟŰɖůɖ SRFVelocity ɗɏŰŮɘ Űɖɜ Ŭɟɢɘəɐ/ ɞɟɘŬəɐ Űɘɛɐ Űɖɠ ůɢŮŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ 

(Urel), ůŮ ɧˊɞɘŬ Ŭˊɧ ŰŬ patches ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɞɟɘůŰŮɑ ŰŬɢɨŰɖŰŬ ůɢŮŰɘəɐ ɛŮ Űɞ 

ˊŮɟɘůŰɟŮűɧɛŮɜɞ ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ. ɆŮ ɏɜŬ ŰɏŰɞɘɞ subdictionary, ɛŮ çtype 

SRFVelocity;è, ŮɎɜ ɖ ɚɏɝɖ əɚŮɘŭɑ relative ˊɎɟŮɘ Űɖɜ Űɘɛɐ no, ŰɧŰŮ ɖ ůɢŮŰɘəɐ 

ŰŬɢɨŰɖŰŬ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ ˊɞɡ ŭɑɜŮŰŬɘ ůŰɖ ɚɏɝɖ əɚŮɘŭɑ inletValue 

(Urel=inletValue). ȷɚɚɘɩɠ, ŮɎɜ ˊɎɟŮɘ Űɖɜ Űɘɛɐ yes, ŰɧŰŮ ɖ ˊŮɟɘůŰɟɞűɘəɐ əɑɜɖůɖ 

ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɞ inletValue (Urel=inletValue-omegaϽr). ȼ ŭŮɨŰŮɟɖ ůɡɜɗɐəɖ 

(relative yes;) ŮɝŬůűŬɚɑɕŮɘ Űɖ ůɤůŰɐ ɛŮŰŬŰɟɞˊɐ ůŰɖɜ ŬˊɧɚɡŰɖ ŰŬɢɨŰɖŰŬ 

(Uabs). ȺɜŭŮɘəŰɘəɎ, ůŰɞ ɆɢɐɛŬ 25 ŭɑɜŮŰŬɘ Űɞ ŰɛɐɛŬ Űɞɡ əɩŭɘəŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

SRFVelocity ůŮ C++, ˊɞɡ ŮɝɖɔŮɑ Űɞɜ Űɟɧˊɞ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ůɢŮŰɘəɐɠ 

ŰŬɢɨŰɖŰŬɠ. ɇŬ ŬɟɢŮɑŬ Űɞɡ SRFVelocity ɓɟɑůəɞɜŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ: 

$FOAM_SRC/finiteVolume/cfdTools/general/SRF/derivedFvPatchFields/SRFVe

locityFvPatchVectorField. 

ɇɞ dictionary SRFProperties (ɆɢɐɛŬ 26), ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ ɞɟɑɕŮɘ Űɞɡɠ 

ŬˊŬɟŬɑŰɖŰɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɔɘŬ Űɞɜ ŮˊɘɚɡŰɐ. ȷɡŰɞɑ ŮɑɜŬɘ Űɞ ɛɞɜŰɏɚɞ 

ˊŮɟɘůŰɟɞűɐɠ (SRFModel), Űɞ əɏɜŰɟɞ ˊŮɟɘůŰɟɞűɐɠ (origin), Űɞ ˊŮŭɑɞ 

ˊŮɟɘůŰɞűɐɠ (axis) əŬɘ ɞɘ ůŰɟɞűɏɠ ˊŮɟɘůŰɟɞűɐɠ ɐ Ŭɚɚɘɩɠ omega (rpm). 

Ʉɟɞůɞɢɐ: ɞɘ ůŰɟɞűɏɠ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ ŮɑŰŮ ɗŮŰɘəɧ, ŮɑŰŮ ŬɟɜɖŰɘəɧ ˊɟɧůɖɛɞ, 

ŬɜɎɚɞɔŬ ɛŮ Űɖ űɞɟɎ ˊŮɟɘůŰɟɞűɐɠ. ūɡůɘəɎ, ŬɡŰɏɠ ŮɑɜŬɘ ɛɧɜɞ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ 
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Ůɘŭɧŭɞɡɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŭɞɗɞɨɜ ůŮ ŬɡŰɧ Űɞ ɚŮɝɘəɧ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ 

ŮűŬɟɛɞɔɐ, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ Űɞ ŮɛˊɚɞɡŰɑůŮɘ ɛŮ ˊɞɚɚɏɠ ŬəɧɛŬ ůŰŬɗŮɟɏɠ əŬɘ 

ɚɏɝŮɘɠ əɚŮɘŭɘɎ.  

 

ɆɢɐɛŬ 25: ȷɟɢŮɑɞ SRFVelocityFvPatchVectorField.C. 

 

ɆɢɐɛŬ 26: SRFProperties dictionary. 

ɄŬɟɧɛɞɘŬ ɛŮ Űɞɜ simpleSRFFoam ŬˊɞŰŮɚɏůɛŬŰŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ɏɢŮɘ əŬɘ ɖ 

Ůˊɑɚɡůɖ ɛŮ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ simpleFoam əŬɘ MRFSimpleFoam (Multiple 

frames of reference). ŪŮɤɟɖŰɘəɎ, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɞ ɢɟɐůŰɖɠ ɜŬ ŮˊɘɚɨůŮɘ 

ɛŮ əŮɜŰɟɘəɧ solver Űɞɜ simpleFoam (ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ Űɞ ɧɜɞɛɎ Űɞɡ, 

ŭɖɚŬŭɐ, Űɧůɞ ůŰɞ dictionary controlDict ɤɠ Űɘɛɐ Űɖɠ ɚɏɝɖɠ application, ɧůɞ əŬɘ 

ůŰɞ Űɏɚɞɠ ůŰɞ ˊŬɟɎɗɡɟɞ Űɞɡ ŰŮɟɛŬŰɘəɞɨ), ŬɚɚɎ ůŰɞɜ əŬŰɎɚɞɔɞ constant ɜŬ 

ˊɟɞůɗɏůŮɘ Űɞ dictionary MRFZones. ȼ ˊɚɖɟɞűɞɟɑŬ ŬɡŰɐ ŭɑɜŮŰŬɘ ɗŮɤɟɖŰɘəɎ, 
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əŬɗɧŰɘ ŭŮ ŭɞəɘɛɎůŰɖəŮ əŬŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ Ɏůəɖůɖɠ. ȹŮ 

ɢɟŮɘɎůŰɖəŮ ɜŬ ŮɝŮŰŬůŰŮɑ, Ŭűɞɨ ɞ solver simpleSRFFoam ɐŰŬɜ ŬɟəŮŰɧɠ ɔɘŬ Űɖɜ 

ˊŬɟɞɨůŬ ŮűŬɟɛɞɔɐ. ȰɜŬ, ɧɛɤɠ tutorial, ˊɞɡ ŬəɞɚɞɡɗŮɑ Űɖ ɚɞɔɘəɐ ŬɡŰɐ, əŬɘ ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ůɡɛɓɞɡɚŮɡŰŮɑ əŬɜŮɑɠ, ŮɑɜŬɘ Űɞ tutorial mixerVessel2D, ůŰŬ ŬɟɢŮɑŬ 

Űɞɡ foam-extend-4.0. ɀɑŬ ɛɘəɟɐ ŬɜŬűɞɟɎ ůɢŮŰɘəɎ ɛŮ Űɞɜ ŮˊɘɚɡŰɐ 

MRFSimpleFoam əŬɘ Űɘɠ ŮɝɘůɩůŮɘɠ Űɖɠ ɟɞɐɠ ɔɑɜŮŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ ȷ.  

 

3.4. ȹɘŬɛɧɟűɤůɖ ȾŬŰŬɚɧɔɞɡ constant 

ɆŰɞ ˊŬɟɧɜ ˊɟɧɓɚɖɛŬ Űɖɠ ˊŰŮɟɤŰɐɠ Űɖɠ ŬɜŰɚɑŬɠ, ŮəŰɧɠ Ŭˊɧ Űɞ dictionary 

SRFProperties, ɞ űɎəŮɚɞɠ constant ˊŮɟɘɚŬɛɓɎɜŮɘ ŬəɧɛŬ ŰŬ ɚŮɝɘəɎ 

RASProperties əŬɘ transportProperties, ɧˊɤɠ Ŭəɟɘɓɩɠ ɡˊɞŭŮɘəɜɨŮɘ əŬɘ Űɞ 

ɆɢɐɛŬ 27.  

 

ɆɢɐɛŬ 27: ȾŬŰɎɚɞɔɞɠ constant ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊŰŮɟɤŰɐɠ ůŮ űɡɔɞəŮɜŰɟɘəɐ 
ŬɜŰɚɑŬ. 

ɇɞ ɚŮɝɘəɧ RASProperties ɞɟɑɕŮɘ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ Űɨɟɓɖɠ. ɆŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ȺɟɔŬůɑŬ ŬəɞɚɞɡɗŮɑ Űɖɜ Ŭəɟɘɓɐɠ ˊɟɧŰɡˊɖ ɛɞɟűɐ, ɧˊɤɠ ŬɡŰɐ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰŬ ŮɜůɤɛŬŰɤɛɏɜŬ ůŰɞ foam-extend-4.0 tutorials ɔɘŬ Űɞɜ ŮˊɘɚɡŰɐ 

simpleSRFFoam (mixer əŬɘ axialTurbine). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

Ůˊɘɛɏɟɞɡɠ subdictionaries, ŰŬ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɧɚɞɡɠ Űɞɡɠ ˊɘɗŬɜɞɨɠ 

ůɡɜŰŮɚŮůŰɏɠ, ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ əɎɗŮ ɛɞɜŰɏɚɞ Űɨɟɓɖɠ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ. ɆŮ ŬɡŰɧ 

Űɞ ɗɏɛŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŰɏɚɞ Űɨɟɓɖɠ k-ɤ SST (ɓɚ. ɄŬɟɎɟŰɖɛŬ ȸ). ũɘŬ 

Űɞ ɚɧɔɞ ŬɡŰɧ, ŰɑɗŮŰŬɘ ŬɡůŰɖɟɎ ɤɠ ˊɟɩŰɖ ŮɜŰɞɚɐ Űɞɡ ɚŮɝɘəɞɨ RASProperties: 

RASModel kOmegaSST;. ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ŰɞɜɘůŰŮɑ, ɧŰɘ Ŭˊɧ Űɖɜ ɡˊɞŮɜɧŰɖŰŬ 

2.1.3., Űɞ RASProperties ˊŬɑɟɜŮɘ Űɖ ɗɏůɖ Űɞɡ dictionary turbulenceProperties. 

ȼ ŭɘŬűɞɟɎ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ ůŰɖɜ Ůˊɘɚɞɔɐ Űɖɠ ɏəŭɞůɖɠ Űɞɡ OpenFOAM. ɇɞ foam-

extend-4.0 ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ RASProperties ůŰɖ ɗɏůɖ Űɞɡ turbulenceProperties. 

ȾŬɘ ŰŬ ŭɨɞ dictionaries əɎɜɞɡɜ Űɖɜ ɑŭɘŬ ŭɞɡɚŮɘɎ, ŬɚɚɎ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ŭɞɛɐ əŬɘ 

ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŮəŭɧůŮɘɠ Űɞɡ OpenFOAM. 
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ɆɢɐɛŬ 28: Dictionary transportProperties. 

ȳˊɤɠ ůɖɛŮɘɩɗɖəŮ əŬɘ ɜɤɟɑŰŮɟŬ ůŰɖɜ ɡˊɞŮɜɧŰɖŰŬ 2.1.3, Űɞ dictionary 

transportProperties ˊŮɟɘɏɢŮɘ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɟɞɐɠ Űɞɡ 

ɟŮɡůŰɞɨ. Ⱥŭɩ, ɖ ˊŰŮɟɤŰɐ ŬɜɐəŮɘ ůŮ ŬɜŰɚɑŬ ɜŮɟɞɨ əŬɘ ůɡɜŮˊɩɠ Űɞ ɚŮɝɘəɧ 

transportProperties ɟɡɗɛɑɕŮŰŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 28. 

ũɘŬ Űɞ ɆɢɐɛŬ 28 ŭɘŮɡəɟɘɜɑɕŮŰŬɘ ɧŰɘ ɛŮ Űɖ ůɡɜŰɞɛɞɔɟŬűɑŬ nu ůɡɛɓɞɚɑɕŮŰŬɘ Űɞ 

əɘɜɖɛŬŰɘəɧ ɘɝɩŭŮɠ Űɞɡ ɟŮɡůŰɞɨ, Ůɜɩ ɛŮ Űɞ rho ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ. 

 

3.5. ȷɟɢɘəɏɠ əŬɘ ɃɟɘŬəɏɠ ɆɡɜɗɐəŮɠ 

ũɘŬ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ˊɚɖɟɧŰɖŰŬ Űɖɠ ȺɟɔŬůɑŬɠ, əŬɘ Űɖɜ ŰŮɚɘəɐ ɢɎɟŬɝɖ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɛˊɡɚɩɜ Űɖɠ ŬɜŰɚɑŬɠ, Űɞ ɑŭɘɞ ˊɟɧɓɚɖɛŬ ŮɝŮŰɎůŰɖəŮ ɔɘŬ ɏɝɘ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊŬɟɞɢɏɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ, ɧŰɘ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɞɡ ɗɏɛŬŰɞɠ, 

ŮŰɞɘɛɎůŰɖəŬɜ ɏɝɘ ŭɘŬűɞɟŮŰɘəɞɑ əŬŰɎɚɞɔɞɘ 0. ɆŮ ŬɡŰɐɜ Űɖɜ ɡˊɞŮɜɧŰɖŰŬ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ɛɧɜɞ ŰŬ dictionaries  Űɤɜ Ŭɟɢɘəɩɜ/ɞɟɘŬəɩɜ 

ůɡɜɗɖəɩɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɞ əɨɟɘɞ case Űɞɡ əŬɜɞɜɘəɞɨ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ 

(ὗ πȢππυ ά ίϳ). ũɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ˊŬɟɞɢɏɠ, ɗŬ ŮɛűŬɜɘůŰɞɨɜ ɛɧɜɞ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɖɜ ȺɜɧŰɖŰŬ 5. ȸɏɓŬɘŬ, ɔɘŬ ɧɚŮɠ Űɘɠ ˊŬɟɞɢɏɠ, ɘůɢɨŮɘ Űɞ ɑŭɘɞ 

ˊɚɏɔɛŬ əŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ Ůˊɑɚɡůɖɠ. ɃɡůɘŬůŰɘəɎ, ɖ ɛɞɜŬŭɘəɐ ŭɘŬűɞɟɎ, Ŭˊɧ 

ˊŬɟɞɢɐ ůŮ ˊŬɟɞɢɐ, ŮɑɜŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ ŭɧɗɖəŬɜ ůŰŬ dictionaries k, nut, omega 

əŬɘ Urel Űɞɡ űŬəɏɚɞɡ 0. ȷɡŰɏɠ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 2: 
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ɄɑɜŬəŬɠ 2: ȷɟɢɘəɏɠ Űɘɛɏɠ ŬɜɎ ˊŬɟɞɢɐ ɔɘŬ ɛɞɜŰɏɚɞ Űɨɟɓɖɠ k-ɤ SST.  

ɚȾɚ Q □ ▼ k □
▼

 nut □ ▼ omega ▼ Urel □ ▼ϳ 

1 0.0005 0.000987 0.000109 9.0535 0.51299 
2 0.0015 0.00888 0.000327 27.161 1.53897 
3 0.0025 0.0247 0.000545 45.268 2.56495 
4 0.0037 0.0540 0.000807 66.996 3.79612 
5 0.005 0.0987 0.00109 90.535 5.12989 
6 0.0062 0.152 0.00135 112.263 6.36107 

 

ɆŰɞɜ ɄɑɜŬəŬ 2, ɖ Űɘɛɐ Űɖɠ ˊŬɟɞɢɐɠ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ˊŰŮɟɤŰɐ əŬɘ ɧɢɘ 

ɛɧɜɞ ůŰɞ 1/5 Űɞɡ ɆɢɐɛŬŰɞɠ 17. ũɘŬ Űɖɜ Űɘɛɐ Űɞɡ Urel, ŮəŰɘɛɐɗɖəŮ ɖ ɞɚɘəɐ 

ŮˊɘűɎɜŮɘŬ Ůɘůɧŭɞɡ ůŰɖɜ ˊŰŮɟɤŰɐ ωχτȢφχω άά . ɇŬ ɡˊɧɚɞɘˊŬ ɛŮɔɏɗɖ ɓɟɏɗɖəŬɜ 

ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ ɡˊɞɚɞɔɘůŰɐ ɛɏŰɟɖůɖɠ Űɤɜ Ŭɟɢɘəɩɜ Űɘɛɩɜ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ 

Űɨɟɓɖɠ k-ɤ SST (ɆɢɐɛŬ 29). ũɘŬ Űɞ ŮɟɔŬɚŮɑɞ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ 

ůŰŬɗŮɟɏɠ: 

¶ ɏɜŰŬůɖ Űɨɟɓɖɠ (turbulence intensity): 5 % (default), 

¶ ŬəŰɑɜŬ Ű́ŮɟɤŰɐɠ: 90.5 mm, 

¶ əɚɑɛŬəŬ ɛɐəɞɡɠ ůŰɟɞɓɑɚɤɜ (turbulent length scale): 7 % (default) əŬɘ 

¶ ůŰŬɗŮɟɎ ὅ: 0.09 (default). 

 

ɆɢɐɛŬ 29: ɈˊɞɚɞɔɘůŰɐɠ ɛɏŰɟɖůɖɠ Űɤɜ Ŭɟɢɘəɩɜ Űɘɛɩɜ ɔɘŬ Űɞ ɛɞɜŰɏɚɞ Űɨɟɓɖɠ k-ɤ SST. 
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ɀŮŰɎ, ɚɞɘˊɧɜ, Ŭˊɧ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮɘůŬɔɤɔɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ, ŭɑɜŮŰŬɘ ɞ 

əŬŰɎɚɞɔɞɠ 0 ɧɚɤɜ Űɤɜ cases Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ əŬɘ ŰŬ dictionaries, ˊɞɡ ŬɡŰɧɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ (k, nut, omega, p, Uabs əŬɘ Urel), ůŰɞ ɆɢɐɛŬ 30: 

 

ɆɢɐɛŬ 30: ȾŬŰɎɚɞɔɞɠ 0 Űɤɜ Ŭɟɢɘəɩɜ & ɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɞ 
əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ. 

ɄŬɟŬəɎŰɤ ŮɛűŬɜɑɕɞɜŰŬɘ ɏɜŬ-ˊɟɞɠ-ɏɜŬ ŰŬ dictionaries Űɞɡ ɆɢɐɛŬŰɞɠ 30. ũɘŬ Űɖɜ 

əŬŰŬɜɧɖůɖ Űɤɜ ŬɟɢŮɑɤɜ, ŭɘŮɡəɟɘɜɑɕŮŰŬɘ ɧŰɘ: 

¶ ɖ ŭɘˊɚɐ əɎɗŮŰɞɠ (//) ɡˊɞŭɖɚɩɜŮɘ Űɞ ůɢɞɚɘŬůɛɧ əŬɘ ɧ,Űɘ ŬəɞɚɞɡɗŮɑ ůŰɖɜ 

ɑŭɘŬ ɔɟŬɛɛɐ ɛŮŰɎ Ŭˊɧ ŬɡŰɐɜ ˊŬɑɟɜŮɘ ɛˊɚŮ ɢɟɩɛŬ əŬɘ ŭŮ ŭɘŬɓɎɕŮŰŬɘ Ŭˊɧ 

Űɞ ɚɞɔɘůɛɘəɧ, 

¶ ůŰɖ ɚɏɝɖ əɚŮɘŭɑ çdimensionsè ɟɡɗɛɑɕɞɜŰŬɘ ɞɘ ɛɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ Űɞɡ 

ɛŮɔɏɗɞɡɠ. ɇŬ ɜɞɨɛŮɟŬ ˊɞɡ əŬŰŬɔɟɎűɞɜŰŬɘ, ŭɑˊɚŬ ůŮ ŬɡŰɐ Űɖɜ ŮɜŰɞɚɐ, 

ŮɑɜŬɘ ɞɘ ŮəɗɏŰŮɠ Űɤɜ ɛɞɜɎŭɤɜ [kg m s Kelvin mol Ampere candela] 

ŬɜŰɑůŰɞɘɢŬ, 

¶ ɛŮ ŰŬ ɞɜɧɛŬŰŬ çòblade_.*òè, çòshroud_.*òè, çòhub_.*òè əŬɘ 

çòcyclic_.*òè ůɡɛɓɞɚɑɕɞɜŰŬɘ ŰŬ Ůˊɘɛɏɟɞɡɠ patches blade_MainBody 

əŬɘ blade_Top, shroud_MainBody əŬɘ shroud_ProblemArea, 

hub_MainBody əŬɘ hub_ProblemArea əŬɘ cyclic_1, cyclic_Base1, 

cyclic_Top1, cyclic_2, cyclic_Base2 əŬɘ cyclic_Top2. ɇɞ ŮɟɔŬɚŮɑɞ 

ç.*è ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ, Ŭűɞɨ ɓɞɖɗɎ Űɞɜ ɢɟɐůŰɖ ɜŬ ŮɝɞɘəɞɜɞɛɐůŮɘ 

ɢɩɟɞ əŬɘ ɢɟɧɜɞ. ɄŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɖ, ůŮ ɏɜŬ dictionary, ɧˊɞɡ ɧɚŬ ŰŬ 

patches Űɨˊɞɡ wall ɏɢɞɡɜ Űɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ, ɗŬ ɛˊɞɟɞɨůŬɜ ɧɚŬ ŰŬ 

ɞɜɧɛŬŰɎ Űɞɡɠ ɜŬ Ŭɟɢɑɕɞɡɜ ɛŮ Űɞ ˊɟɧɗŮɛŬ çwall_è 

(wall_blade_MainBody, wall_blade_Top, wall_shroud_MainBody, 

wall_shroud_ProblemArea, wall_hub_MainBody, 

wall_hub_ProblemArea), ɩůŰŮ ɖ ɞɟɘŬəɐ ůɡɜɗɐəɖ ůŰɞɜ Űɞɑɢɞ ɜŬ 

əŬŰŬɔɟŬűŮɑ ɛɧɜɞ ɛɑŬ űɞɟɎ, ɛŮ Űɞ ɧɜɞɛŬ çòwall_.*òè, 

¶ ɧɚŮɠ ɞɘ wallFunctions (Liu, 2017) ŮɑɜŬɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ, ɞɘ ɞˊɞɑŮɠ 

ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ŰɎɝɖ (class) Űɞɡ OpenFOAM FvPatchField. 

ɄɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ fixedValue əŬɘ zeroGradient. ȼ ůɡɜɗɐəɖ 
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fixedValue ŭɘŬŰɖɟŮɑ Űɖɜ Űɘɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ ůŰŬɗŮɟɐ ůŮ ɞɚɧəɚɖɟɞ Űɞ ɧɟɘɞ, 

Ůɜɩ ɖ ůɡɜɗɐəɖ zeroGradient ( • π) ŭɘŬŰɖɟŮɑ Űɖɜ Űɘɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ 

ůŰŬɗŮɟɐ ůŮ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ əŮɚɘɎ Űɞɡ ɞɟɑɞɡ. ȺɝɎɔŮɘ, ŭɖɚŬŭɐ, Űɘɠ Űɘɛɏɠ 

Űɤɜ çəɞɜŰɘɜɩɜè əŮɚɘɩɜ ŮˊɎɜɤ ůŰɞ ɧɟɘɞ (extrapolation), ɛŮ ŬˊɞŰɏɚŮůɛŬ 

Űɞ ɛɏɔŮɗɞɠ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ůŰɞ ɢɩɟɞ Űɞɡ ɞɟɑɞɡ, ŬɚɚɎ ɖ əɚɑůɖ Űɞɡ ɜŬ 

ˊŬɟŬɛɏɜŮɘ ɛɖŭŮɜɘəɐ ůŰɖɜ əɎɗŮŰɖ ůŰɞ patch ŭɘŮɨɗɡɜůɖ (ɓɚ. ɆɢɐɛŬ 31) əŬɘ 

Űɏɚɞɠ 

¶ ɖ ɞɟɘŬəɐ ůɡɜɗɐəɖ calculated ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɞ ɡˊɞɚɞɔɘůɛɧɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ˊɞůɧŰɖŰŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 

 

ɆɢɐɛŬ 31: ɄŬɟɎŭŮɘɔɛŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɞɟɘŬəɐɠ ůɡɜɗɐəɖɠ fixedValue ůŰɞ inlet əŬɘ Űɖɠ 
ůɡɜɗɐəɖɠ zeroGradient ůŰɞ outlet. 

 

3.5.1. Dictionary k 

ũɘŬ Űɖɜ Űɡɟɓɩŭɖ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ k, ɖ ůɡɜɎɟŰɖůɖ kqRWallFunction 

ˊɟɞůűɏɟŮɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ Űɨˊɞɡ Neumann. ȺɑɜŬɘ ɖ ɛɞɜŬŭɘəɐ ůɡɜɎɟŰɖůɖ 

çŰɞɑɢɞɡɠè (wallFunction) ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ çNeumann boundary conditionsè. 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɡɣɖɚɧ Ŭɟɘɗɛɧ Reynolds əŬɘ ŬˊɞŰŮɚŮɑ ɛɑŬ űŰɤɢɧŰŮɟɖ 

ɛɞɟűɐ Űɖɠ ɞɟɘŬəɐɠ ůɡɜɗɐəɖɠ zeroGradient (foam-extend-4.0/ src/ 

finiteVolume/ fields/ fvPatchFields/ basic/ zeroGradient), Ŭˊɧ ɧˊɞɡ əŬɘ 

ˊɟɞɏɟɢŮŰŬɘ. ũɘŬ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ, ɞ ŬɜŬɔɜɩůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬŰɟɏɝŮɘ 

ůŰŬ ŬɟɢŮɑŬ əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ foam-extend-4.0/ src/ turbulenceModels/ 

incompressible/ RAS/ derivedFvPatchFields/ wallFunctions/ kqRWallFunctions/ 

kqRWallFunction. 

ũɘŬ Űoɜ Űɨˊɞ cyclicGgi, ɏɢɞɡɜ ɐŭɖ ɔɑɜŮɘ ɞɘ ŬˊŬɟŬɑŰɖŰŮɠ ŬɜŬűɞɟɏɠ ůŰɖɜ 

ɡˊɞŮɜɧŰɖŰŬ 3.2. 
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ũɘŬ ɞɘəɞɜɞɛɑŬ ɢɩɟɞɡ, ůŰŬ ŮˊɧɛŮɜŬ dictionaries ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, ŭŮɜ ˊŮɟɘɏɢŮŰŬɘ 

Űɞ ˊɟɩŰɞ ŰɛɐɛŬ (ɔɟŬɛɛɏɠ 1-15 Űɞɡ ɆɢɐɛŬŰɞɠ 32). ȯɚɚɤůŰŮ ŮɑɜŬɘ Űɞ ɑŭɘɞ ůŮ ɧɚŬ 

ŰŬ ɚŮɝɘəɎ. ɇɞ ɛɧɜɞ ˊɞɡ ŬɚɚɎɕŮɘ, űɡůɘəɎ, ŮɑɜŬɘ Űɞ object, Űɞ ɞˊɞɑɞ əɎɗŮ űɞɟɎ 

ˊŬɑɟɜŮɘ Űɞ ɧɜɞɛŬ Űɞɡ ɛŮɔɏɗɞɡɠ, əŬɘ Űɞ class, Űɞ ɞˊɞɑɞ ŮɜŬɚɚɎůůŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ 

Űɘɛɩɜ volScalarField (ɔɘŬ ŰŬ ɓŬɗɛɤŰɎ ɛŮɔɏɗɖ) əŬɘ volVectorField (ɔɘŬ ŰŬ 

ŭɘŬɜɡůɛŬŰɘəɎ ɛŮɔɏɗɖ - ŭɖɚŬŭɐ ɔɘŬ Űɘɠ ŰŬɢɨŰɖŰŮɠ).   

 

ɆɢɐɛŬ 32: ȷɟɢɘəɏɠ & ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ Űɘɛɐ Űɖɠ Űɡɟɓɩŭɞɡɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ 
k Űɞɡ ɛɞɜŰɏɚɞɡ Űɨɟɓɖɠ k-ɤ SST. 
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3.5.2. Dictionary nut 

ɆŰɞ dictionary Űɞɡ Űɡɟɓɩŭɞɡɠ ɘɝɩŭɞɡɠ (ɆɢɐɛŬ 33), ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ůɡɜɎɟŰɖůɖ 

nutWallFunction. ȷɡŰɐ ˊɟɞůűɏɟŮɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ Űɨˊɞɡ Dirichlet. 

ɄɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ɞɟɘŬəɐ ůɡɜɗɐəɖ fixedValue (foam-extend-4.0/ src/ 

finiteVolume/ fields/ fvPatchFields/ basic/ fixedValue). ũɘŬ Űɞɜ ˊɚɐɟɖ ɞɟɘůɛɧ 

Űɖɠ, ˊɏɟŬ Ŭˊɧ Űɖɜ Űɘɛɐ (value), ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ 

ůɡɜŰŮɚŮůŰɏɠ (Cmu ï ╒Ⱨ, kappa ï von Karman constant əŬɘ E ï Model 

coefficient). ũɘŬ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ, ɞ ŬɜŬɔɜɩůŰɖɠ ɛˊɞɟŮɑ ɜŬ 

ŬɜŬŰɟɏɝŮɘ ůŰŬ ŬɟɢŮɑŬ əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ foam-extend-4.0/ src/ 

turbulenceModels/ incompressible/ RAS/ derivedFvPatchFields/ wallFunctions/ 

nutWallFunctions/ nutWallFunction. 

 

ɆɢɐɛŬ 33: ȷɟɢɘəɏɠ & ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ Űɘɛɐ Űɞɡ Űɡɟɓɩŭɞɡɠ ɘɝɩŭɞɡɠ nut. 
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3.5.3. Dictionary omega 

ɆŰɞ ɆɢɐɛŬ 34 ɖ ůɡɜɎɟŰɖůɖ omegaWallFunction ɘůɢɨŮɘ əŬɘ ɔɘŬ ɢŬɛɖɚɧ əŬɘ ɔɘŬ 

ɡɣɖɚɧ Ŭɟɘɗɛɧ Reynolds. ȺɑɜŬɘ ɛɑŬ ůɡɜɗɐəɖ, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɞ ůɡɜŭɡŬůɛɧ 

Űɞɡ viscous sub-layer əŬɘ Űɞɡ log-law region. ȹɑɜŮɘ Űɞɜ ˊŮɟɘɞɟɘůɛɧ ůŰɖ 

ŭɘŬůˊɞɟɎ Űɖɠ Űɨɟɓɖɠ əŬɘ, ůɨɛűɤɜŬ ɛŮ Űɞ ώ, əɎɜŮɘ Űɘɠ ŮɜŬɚɚŬɔɏɠ ɛŮŰŬɝɨ Űɤɜ 

ˊŮɟɘɞɢɩɜ viscous əŬɘ logarithmic. ɆŰɘɠ ŮɜŭɘɎɛŮůŮɠ ˊŮɟɘɞɢɏɠ, ɞɘ ɡˊɞɚɞɔɘůɛɞɑ 

ɔɑɜɞɜŰŬɘ ɛŮ Űɖ ɟɑɕŬ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɤɜ ŭɨɞ ůɡɜɘůŰɤůɩɜ 

omegaVis əŬɘ omegaLog. ȹɖɚŬŭɐ: 

‫
φȢπὺ

‍ώ
ȟ 

‫
Ὧ

ὅ ‖ώ
 ‖‌― 

‫ ‫ ‫ ȟ 

ɧˊɞɡ  Ὧ ŮɑɜŬɘ ɖ Űɘɛɐ Űɞɡ əŮɚɘɞɨ. ɇŬ omegaVis əŬɘ omegaLog ŬɟɢɘəɎ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŰŬ faces Űɤɜ əŮɚɘɩɜ. ɀŮŰɎ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɓɔŬɑɜŮɘ, 

ŰŮɚɘəɎ, ɖ Űɘɛɐ ůŰɞ əɏɜŰɟɞ Űɞɡ əŮɚɘɞɨ.  

ũɘŬ Űɞɜ ˊɚɐɟɖ ɞɟɘůɛɧ Űɖɠ ůɡɜɎɟŰɖůɖɠ omegaWallFunction, ˊɏɟŬ Ŭˊɧ Űɖɜ Űɘɛɐ 

(value), ˊɟɏˊŮɘ ɜŬ ɞɟɘůŰɞɨɜ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ůɡɜŰŮɚŮůŰɏɠ (Cmu, kappa, E əŬɘ 

beta1). ũɘŬ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ, ɞ ŬɜŬɔɜɩůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬŰɟɏɝŮɘ ůŰŬ 

ŬɟɢŮɑŬ əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ foam-extend-4.0/ src/ turbulenceModels/ 

incompressible/ RAS/ derivedFvPatchFields/ wallFunctions/ 

omegaWallFunctions/ omegaWallFunction. 
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ɆɢɐɛŬ 34: ȷɟɢɘəɏɠ & ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ Űɘɛɐ Űɞɡ omega Űɞɡ ɛɞɜŰɏɚɞɡ Űɨɟɓɖɠ k-
ɤ SST. 
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3.5.4. Dictionary p 

ȺɎɜ ˊŬɟŬŰɖɟɐůŮɘ əŬɜŮɑɠ Űɞ ɆɢɐɛŬ 35, ɗŬ ˊɟɞůɏɝŮɘ ɧŰɘ ɖ ɛɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ Űɖɠ 

ˊɑŮůɖɠ, əŬŰɎ Űɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ ůŰɞ OpenFOAM, ŮɑɜŬɘ □ ▼ϳ . ȷɡŰɧ ůɡɛɓŬɑɜŮɘ, 

ŭɘɧŰɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɞɘ Ŭɟɢɘəɏɠ/ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ŭɑɜɞɜŰŬɘ ɔɘŬ Űɖɜ 

əɘɜɖɛŬŰɘəɐ Űɘɛɐ Űɖɠ ˊɑŮůɖɠ (kinematic pressure ὴ), ŭɖɚŬŭɐ Űɞ ɚɧɔɞ Űɖɠ 

ůŰŬŰɘəɐɠ ˊɑŮůɖɠ ˊɟɞɠ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɡůŰɞɨ: 

ὴ
ὴ

”
 ά ίϳ Ȣ 

ȼ ŮˊɘůɐɛŬɜůɖ ŬɡŰɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɞ ůŰɎŭɘɞ Űɖɠ 

ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ. ȳɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɑŬɠ Ůˊɑɚɡůɖɠ ˊɟɞəɨˊŰɞɡɜ Ůˊɑůɖɠ ůŮ 

ά ίϳ  əŬɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɛŮŰŬŰɟɞˊɐ ůŮ ůŰŬŰɘəɐ ˊɑŮůɖ, ɛɏůɤ Űɞɡ Ŭˊɚɞɨ 

ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ ɛŮ Űɖɜ ˊɡəɜɧŰɖŰŬ: 

ὴ ”Ͻὴ ὖὥίὧὥὰȢ 

 

ɆɢɐɛŬ 35: ȷɟɢɘəɏɠ & ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ Űɘɛɐ Űɖɠ əɘɜɖɛŬŰɘəɐɠ ˊɑŮůɖɠ p. 
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3.5.5. Dictionary Uabs 

ũɘŬ ŬɡŰɧ Űɞ case, Űɞ dictionary Uabs ŭŮɜ ŮɑɜŬɘ ɡˊɞɢɟŮɤŰɘəɧ ɜŬ ɡˊɎɟɢŮɘ. ɉɎɟɖ 

ůŰɞɜ ŮˊɘɚɡŰɐ simpleSRFFoam əŬɘ ůŰɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŬɡŰɧɠ ɚŮɘŰɞɡɟɔŮɑ, Űɞ 

ɚŮɝɘəɧ Uabs ɛˊɞɟŮɑ ɜŬ ˊŬɟŬɚŮɘűɗŮɑ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ ˊŬɟŬɛŮɑɜɞɡɜ 

ůɢŮŭɧɜ ŰŬ ɑŭɘŬ. ȯɚɚɤůŰŮ, ɧɚŮɠ ɞɘ ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɏɢɞɡɜ ŰŮɗŮɑ ɤɠ calculated, 

ŭɖɚŬŭɐ ŮɝŬɟŰɩɛŮɜŮɠ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ˊɞůɧŰɖŰŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȸɏɓŬɘŬ, 

ɔɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ, ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ ŬɡŰɧ ůŰɖɜ ɡˊɞŮɜɧŰɖŰŬ əŬɘ 

űŬɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ɆɢɐɛŬ 36. 

 

ɆɢɐɛŬ 36: ȷɟɢɘəɏɠ & ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ ŬˊɧɚɡŰɖ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Uabs. 
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3.5.6. Dictionary Urel 

ɆɢŮŰɘəɎ ɛŮ Űɞ dictionary Urel (ɆɢɐɛŬ 37), Űɞ ɛɧɜɞ ˊɞɡ ŬɝɑɕŮɘ ɜŬ ůɢɞɚɘŬůŰŮɑ ŮɑɜŬɘ 

Űɞ ŬɟɜɖŰɘəɧ ˊɟɧůɖɛɞ Űɖɠ z-ůɡɜɘůŰɩůŬɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ ůŰɞ 

patch inlet. Ƀ ɚɧɔɞɠ, űɡůɘəɎ, ŮɑɜŬɘ ˊɞɚɨ Ŭˊɚɧɠ əŬɘ ɏɢŮɘ ɜŬ əɎɜŮɘ ɛŮ Űɞɜ Űɟɧˊɞ 

ˊɞɡ ɏɢɞɡɜ ɞɟɘůŰŮɑ ɞɘ ɎɝɞɜŮɠ x-y-z, ůŮ ůɢɏůɖ ɛŮ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ. Ⱥŭɩ, 

ˊɟɞűŬɜɩɠ, ɖ ŰŬɢɨŰɖŰŬ ɛˊŬɑɜŮɘ ůŮ ŬɜŰɑɗŮŰɖ Ŭˊɧ Űɞɜ ɎɝɞɜŬ z űɞɟɎ. 

ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ ɓɏɓŬɘŬ əŬɘ ɖ ůɡɜɎɟŰɖůɖ SRFVelocity, ɔɘŬ Űɖɜ ɞˊɞɑŬ ɏɢŮɘ ɐŭɖ 

ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɖɜ ɡˊɞŮɜɧŰɖŰŬ 3.3.  

 

ɆɢɐɛŬ 37: ȷɟɢɘəɏɠ & ɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖ ůɢŮŰɘəɐ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬ Urel. 
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3.6. ȹɘŬɛɧɟűɤůɖ ȾŬŰŬɚɧɔɞɡ system 

ɆŮ ŬɡŰɐ Űɖɜ ɡˊɞŮɜɧŰɖŰŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɞ əŬŰɎɚɞɔɞɠ system Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

əŬɘ ŰŬ dictionaries, ˊɞɡ ŬɡŰɧɠ ˊŮɟɘɚŬɛɓɎɜŮɘ (controlDict, fvSchemes əŬɘ 

fvSolution). ɇɞ dictionary meshDict ŭŮɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ůŭɩ, ŬɚɚɎ ůŰɖɜ 

ȺɜɧŰɖŰŬ 4, ɖ ɞˊɞɑŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ ůŰɖɜ 

ˊŰŮɟɤŰɐ Űɖɠ ŬɜŰɚɑŬɠ. ɄŬɟŬəɎŰɤ (ɆɢɐɛŬ 38) űŬɑɜŮŰŬɘ ɖ ɞɟɔɎɜɤůɖ Űɞɡ 

əŬŰŬɚɧɔɞɡ system: 

 

ɆɢɐɛŬ 38: ȾŬŰɎɚɞɔɞɠ system ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊŰŮɟɤŰɐɠ ůŮ űɡɔɞəŮɜŰɟɘəɐ ŬɜŰɚɑŬ. 

 

3.6.1. Dictionary controlDict 

ǵȌ dictionary controlDict  ŮǿȊŬȆ ǿůȒȎ ŰȌ ɸȆȌ ȉŬȇȍȌůȇŮȈǽȎ ȈŮȋȆȇȕ ŰȌȏ case. ǬŬȆ 

ŬȏŰȕ ŮɸŮȆŭǾ, ɸǽȍŬ Ŭɸȕ ȇǽȊŰȍȌ ŮȈǽȂȐȌȏ ȇǼȅŮ ŰȍŮȋǿȉŬŰȌȎ, ȈŮȆŰȌȏȍȂŮǿ ȇŬȆ ȒȎ 

ȐȗȍȌȎ ȇŬŰŬȐȗȍȄůȄȎ ůȄȉŬȊŰȆȇȗȊ ůȏȊŬȍŰǾůŮȒȊ. ǱȆ ůȏȊŬȍŰǾůŮȆȎ ŬȏŰǽȎ 

ɸȍȌȔɸǼȍȐȌȏȊ ůŰȆȎ ȁȆȁȈȆȌȅǾȇŮȎ ŰȌȏ OpenFOAM, ŬȈȈǼ ŭŮȊ ŮȇŰŮȈȌȖȊŰŬȆ Ŭɸȕ 

ɸȍȌŮɸȆȈȌȂǾ. Ǳ ȐȍǾůŰȄȎ ȅŬ ɸȍǽɸŮȆ ȊŬ ŰȆȎ ɸȍȌůȅǽůŮȆ ȉŮ ŰȌ subdictionary  

functions {}  ŰȌȏ controlDict, ȗůŰŮ ȊŬ ŮȊŮȍȂȌɸȌȆȄȅȌȖȊ. ǴŰŬ ůȐǾȉŬŰŬ ɸȌȏ 

ŬȇȌȈȌȏȅȌȖȊ, Ȅ ŭȌȉǾ ȇŬŰŬȂȍŬűǾȎ ȕȈȒȊ ŰȒȊ subdictionaries ŬȇȌȈȌȏȅȌȖȊ ŰȌȊ 

ŰȍȕɸȌ ůȖȊŰŬȋȄȎ ŰȌȏ foam-extend-4.0. 

ǱȆ ůȏȊŬȍŰǾůŮȆȎ ɸȌȏ ȐȍŮȆǼůŰȄȇŬȊ ůŮ ŬȏŰǾ ŰȄȊ ɸŮȍǿɸŰȒůȄ ŮǿȊŬȆ ȌȆ ŮȋǾȎ: 

¶ forces , 

¶ probes , 

¶ patchAverage  ȇŬȆ 

¶ patchMassFlowAverage . 

ǮŮ ŰȄȊ ǽȊŬȍȋȄ ŰȌȏ ŰȍŮȋǿȉŬŰȌȎ, ȕȈŮȎ ɸŬȍǼȂȌȏȊ ȇŬŰŬȈȕȂȌȏȎ ŬɸȌŰŮȈŮůȉǼŰȒȊ, 

ȐȍǾůȆȉȒȊ ȂȆŬ ŰȌ ůŰǼŭȆȌ ŰȌȏ post-processing. Ǳ ȈȕȂȌȎ ȖɸŬȍȋǾȎ ŰȌȏȎ ȉɸȌȍŮǿ ȊŬ 

ŮǿȊŬȆ Ȍ ȏɸȌȈȌȂȆůȉȕȎ ŰȒȊ ŰȆȉȗȊ ȇǼɸȌȆȒȊ ȉŮȂŮȅȗȊ Ǿ Ȅ ȁŮȈŰǿȒůȄ ŰȄȎ ŮɸȌɸŰŮǿŬȎ 

ŰȌȏ  case Ŭɸȕ ŰȌ ȐȍǾůŰȄ. ǴŰȆȎ ŮɸȕȉŮȊŮȎ ůŮȈǿŭŮȎ ŮȉűŬȊǿȃŮŰŬȆ ȇŬȆ ůȐȌȈȆǼȃŮŰŬȆ 

ȌȈȕȇȈȄȍȌ ŰȌ dictionary controlDict, ŭȆŬȆȍŮȉǽȊȌ ůŮ  ŰǽůůŮȍŬ ŮɸȆȉǽȍȌȏȎ ȇȌȉȉǼŰȆŬ. 
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ǴŰȌ ǴȐǾȉŬ 39 ŬɸȌŰȏɸȗȊŮŰŬȆ ŰȌ ɸȍȗŰȌ ȉǽȍȌȎ. ǥȏŰȕ ɸŮȍȆȈŬȉȁǼȊŮȆ ŰȆȎ ȈǽȋŮȆȎ 

ȇȈŮȆŭȆǼ ŮȈǽȂȐȌȏ ŰȄȎ ŮűŬȍȉȌȂǾȎ ŰȌȏ ǲǿȊŬȇŬ 3. 

 

ɆɢɐɛŬ 39: ȺɜŰɞɚɏɠ Ůɚɏɔɢɞɡ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ ůŰɞ dictionary controlDict. 
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ɄɑɜŬəŬɠ 3: ȺˊŮɝɐɔɖůɖ ŮɜŰɞɚɩɜ Ůɚɏɔɢɞɡ Űɞɡ dictionary controlDict. 

ȿɏɝɖ ȾɚŮɘŭɑ ɄŮɟɘɔɟŬűɐ 

libs 
ȿɑůŰŬ Űɤɜ Ůˊɘˊɚɏɞɜ ɓɘɓɚɘɞɗɖəɩɜ ˊɞɡ 

űɞɟŰɩɜɞɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ ɛŮ Űɖɜ ɏɜŬɟɝɖ Űɞɡ 
ŰɟŮɝɑɛŬŰɞɠ. 

application ɃɟɑɕŮɘ Űɞɜ ŮˊɘɚɡŰɐ Űɞɡ case. 

startFrom ɃɟɑɕŮɘ Űɖ ůŰɘɔɛɐ ɏɜŬɟɝɖɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ. 

startTime 
ȼ ůŰɘɔɛɐ ɏɜŬɟɝɖɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ, ɧŰŬɜ 

startFrom startTime; 

stopAt 
ɃɟɑɕŮɘ Űɖ ůŰɘɔɛɐ ŰŮɟɛŬŰɘůɛɞɨ Űɤɜ 

ŮˊŬɜŬɚɐɣŮɤɜ. 

endTime 
ȼ ůŰɘɔɛɐ ŰŮɟɛŬŰɘůɛɞɨ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ, 

ɧŰŬɜ stopAt endTime; 

deltaT 
ɇɞ ɢɟɞɜɘəɧ ɓɐɛŬ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ Űɖɠ 

ŮűŬɟɛɞɔɐɠ. 

writeControl 
ɃɟɑɕŮɘ Űɞ ɢɟɧɜɞ ŮəŰɨˊɤůɖɠ Űɤɜ əŬŰŬɚɧɔɤɜ 
Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɔɘŬ 

əɎɗŮ ɢɟɞɜɘəɐ ŮˊŬɜɎɚɖɣɖ. 

writeInterval 
ɇɞ ɓŬɗɛɤŰɧ ɛɏɔŮɗɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɞ writeControl. 

purgeWrite 

ȷəɏɟŬɘɞɠ, ˊɞɡ ŮəűɟɎɕŮɘ ɏɜŬ ɧɟɘɞ ůŰɞɜ Ŭɟɘɗɛɧ 
Űɤɜ ˊŬɟŬɔɩɛŮɜɤɜ ɔɘŬ əɎɗŮ ŮˊŬɜɎɚɖɣɖ 
əŬŰŬɚɧɔɤɜ, ˊɞɡ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŰɞ case. 
ȿŮɘŰɞɡɟɔŮɑ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɞɡɠ Ŭɟɢɘəɞɨɠ 
əŬŰŬɚɧɔɞɡɠ ɛŮ Űɞɡɠ əŬɘɜɞɨɟɘɞɡɠ əŬŰɎ ɏɜŬ 

əɡəɚɘəɧ ɛɞŰɑɓɞ, ɛɏɢɟɘɠ ɧŰɞɡ ɞ ŰŮɚɘəɧɠ Ŭɟɘɗɛɧɠ 
Űɤɜ əŬŰŬɚɧɔɤɜ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ɕɖŰŮɑŰŬɘ. ɀŮ 

Űɖɜ Ůɑůɞŭɞ 0 ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ. 

writeFormat ɃɟɑɕŮɘ Űɖ ɛɞɟűɐ Űɤɜ ŬɟɢŮɑɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 

writePrecision 
ȷəɏɟŬɘɞɠ, ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ ŬəɟɑɓŮɘŬ ůŰɖɜ 
ŮəŰɨˊɤůɖ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ 
ɛŮ Űɞ writeFormat. ɄɞŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ: 6. 

writeCompression 
EɜŮɟɔɞˊɞɘŮɑ ɐ ŬˊŮɜŮɟɔɞˊɞɘŮɑ Űɖ ůɡɛˊɑŮůɖ Űɤɜ 
ˊŬɟŬɔɩɛŮɜɤɜ ŬɟɢŮɑɤɜ ůŮ gzip ŬɟɢŮɑŬ. 

timeFormat 
ɃɟɑɕŮɘ Űɖ ɛɞɟűɐ Űɞɡ ɞɜɧɛŬŰɞɠ Űɤɜ əŬŰŬɚɧɔɤɜ 
ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɔɘŬ əɎɗŮ ɢɟɞɜɘəɐ ŮˊŬɜɎɚɖɣɖ. 

timePrecision 
ȷəɏɟŬɘɞɠ, ˊɞɡ ŮəűɟɎɕŮɘ Űɖɜ ŬəɟɑɓŮɘŬ ůŰɖɜ 

ŮəŰɨˊɤůɖ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ 
ɛŮ Űɞ timeFormat. ɄɞŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ: 6. 

runTimeModifiable 

EɜŮɟɔɞˊɞɘŮɑ ɐ ŬˊŮɜŮɟɔɞˊɞɘŮɑ Űɖ ŭɡɜŬŰɧŰɖŰŬ 
Űɞɡ ůɡůŰɐɛŬŰɞɠ ɜŬ ɝŬɜŬŭɘŬɓɎůŮɘ ŰŬ 

dictionaries controlDict, fvSchemes əŬɘ 
fvSolution ůŰɖɜ Ŭɟɢɐ əɎɗŮ ɜɏŬɠ ŮˊŬɜɎɚɖɣɖɠ, 
ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɞ ɢɟɐůŰɖ ɜŬ ŰɟɞˊɞˊɞɘŮɑ 

ˊŬɟŬɛɏŰɟɞɡɠ Űɖɠ Ůˊɑɚɡůɖɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 
Űɞɡ ŰɟŮɝɑɛŬŰɞɠ. 

 

ȯɟŬ, ůɨɛűɤɜŬ ɛŮ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ, Űɞ ˊŬɟɧɜ controlDict űɞɟŰɩɜŮɘ ůŰɞ 

ůɨůŰɖɛŬ Űɖ ɓɘɓɚɘɞɗɐəɖ Űɤɜ ŮˊɘɚɡŰɩɜ, ɞɟɑɕŮɘ Űɞɜ simpleSRFFoam ɤɠ əŮɜŰɟɘəɧ 

ŮˊɘɚɡŰɐ Űɖɠ ŮűŬɟɛɞɔɐɠ, ŭɑɜŮɘ ŮɜŰɞɚɐ ɔɘŬ 5000 ŮˊŬɜŬɚɐɣŮɘɠ ɛŮ ɢɟɞɜɘəɧ ɓɐɛŬ 1 

əŬɘ ɕɖŰɎ Űɖɜ ŬˊɞɗɐəŮɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬɜɎ 500 ŮˊŬɜŬɚɐɣŮɘɠ. ūŬɑɜŮŰŬɘ 

ɧŰɘ ɞɘ ŮˊŬɜŬɚɐɣŮɘɠ ɝŮəɘɜɞɨɜ Ŭˊɧ Űɞ 0. ɀŮŰɎ, ɧɛɤɠ, Űɞ ˊɏɟŬɠ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ, 
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ɛˊɞɟŮɑ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ŭŮɜ ɐŰŬɜ ŬɟəŮŰɧɠ. 

ɀˊɞɟŮɑ ŬəɧɛŬ ɞ ɢɟɐůŰɖɠ ɜŬ ŮˊɘɗɡɛŮɑ ɜŬ əɎɜŮɘ ɛɑŬ Űɟɞˊɞˊɞɑɖůɖ Űɞɡ case, əŬɘ 

ɨůŰŮɟŬ ɜŬ ůɡɜŮɢɑůŮɘ Űɞ Űɟɏɝɘɛɞ Ŭˊɧ ŮəŮɑ, ɧˊɞɡ ůŰŬɛɎŰɖůŮ. ũɘŬ ɜŬ Űɞ əɎɜŮɘ ŬɡŰɧ, 

ŬɟəŮɑ ɜŬ: 

¶ ˊɚɖəŰɞɚɞɔɐůŮɘ ɔɘŬ startFrom Űɖɜ Ůɑůɞŭɞ latest Time, 

¶ ŬɡɝɐůŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ ůŰɞ endtime (ˊɢ. ȷˊɧ 5000 ɜŬ 

Űɞ ŬɚɚɎɝŮɘ ůŮ 8000) əŬɘ  

¶ ŭɩůŮɘ ůŰɞ ŰŮɟɛŬŰɘəɧ Űɖɜ ŮɜŰɞɚɐ Ůəəɑɜɖůɖɠ (Ůŭɩ simpleSRFFoam).  

 

3.6.1.1. ɆɡɜɎɟŰɖůɖ forces 

ȰɜŬ Ŭˊɧ ŰŬ ɛŮɔɏɗɖ ŮɜŭɘŬűɏɟɞɜŰɞɠ ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ȺɟɔŬůɑŬ ŮɑɜŬɘ ɖ ɟɞˊɐ 

ˊŮɟɘůŰɟɞűɐɠ Űɖɠ ˊŰŮɟɤŰɐɠ. ȺɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ɓŬůɘəɏɠ ˊɞůɧŰɖŰŮɠ ˊɞɡ ˊɟɏˊŮɘ 

ɜŬ ŮəŰɡˊɤɗɞɨɜ ɛŮŰɎ Űɞ ˊɏɟŬɠ Űɤɜ ŰɟŮɝɘɛɎŰɤɜ əŬɘ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŬɜɎɛŮůŬ 

ůŰŬ ɡˊɧɚɞɘˊŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ůˊɑɚɡůɖɠ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɞɜ 

ɏɚŮɔɢɞ ůɨɔəɚɘůɖɠ Űɞɡ case, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ŮɔəɡɟɧŰɖŰŬɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ, ɤɠ ŮɟɔŬɚŮɑɞ ůɨɔəɟɘůɖɠ ɛŮ ɎɚɚŬ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ũɘŬ ɜŬ ŮəŰɡˊɤɗŮɑ, ɚɞɘˊɧɜ, ɖ Űɘɛɐ Űɖɠ ɟɞˊɐɠ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ, ɗŬ ˊɟɏˊŮɘ ɞ 

ɢɟɐůŰɖɠ ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ Űɖ ůɡɜɎɟŰɖůɖ forces ůŰɞ dictionary Űɞɡ 

controlDict. ȼ ůɡɜɎɟŰɖůɖ ŬɡŰɐ ŬɗɟɞɑɕŮɘ Űɘɠ ŭɡɜɎɛŮɘɠ əŬɘ Űɘɠ ɟɞˊɏɠ ůŮ ɧɚŬ ŰŬ 

patches ˊɞɡ ɞɟɑɕɞɜŰŬɘ ůŰɖ ɚɏɝɖ əɚŮɘŭɑ patches Űɞɡ subdictionary. Ⱥŭɩ, ŮəŰɧɠ 

Ŭˊɧ ŰŬ patches Űɞɡ blade, ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ əŬɘ ŰŬ patches Űɞɡ hub əŬɘ Űɞɡ 

shroud, Ŭűɞɨ ŬɡŰɎ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖ ɟɞˊɐ ɚɧɔɤ ŬˊɤɚŮɘɩɜ Űɟɘɓɩɜ. ȹɖɚŬŭɐ, ɖ 

ɟɞˊɐ ˊɟɞəɨˊŰŮɘ Űɧůɞ Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ ˊɑŮůɖɠ əŬɘ Űɟɘɓɐɠ ůŰŬ ˊŰŮɟɨɔɘŬ, ɧůɞ əŬɘ 

Ŭˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ Űɟɘɓɐɠ ůŰɘɠ ˊŮɟɘɞɢɏɠ shroud əŬɘ hub (Ŭűɞɨ ɔɘŬ Űɘɠ ŭɡɜɎɛŮɘɠ 

ˊɑŮůɖɠ ŭŮɜ ɞɟɑɕŮŰŬɘ ˊŮɟɘűŮɟŮɘŬəɐ ůɡɜɘůŰɩůŬ): 

ῼ ᷿ ὶᴆ ὲᴆϽὴ ὶᴆ †ᴆϽὧέὸ‍ϽὦϽὨὶ᷿ ὶᴆ †ᴆϽὨὃȟ 

 

ɧˊɞɡ ῼ ɖ ůɡɜɞɚɘəɐ ɟɞˊɐ, ὶᴆ ɖ ŬəŰɘɜɘəɐ ŬˊɧůŰŬůɖ, ὲᴆ Űɞ Űɞˊɘəɧ, ɛɞɜŬŭɘŬɑɞ, 

əɎɗŮŰɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŭɘɎɜɡůɛŬ, ὴ ɖ ˊɑŮůɖ, †ᴆ ɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ ůŰŬ 

ŰɞɘɢɩɛŬŰŬ, ‍ ɖ ɔɤɜɑŬ Űɞɡ ˊŰŮɟɡɔɑɞɡ əŬɘ ὦ Űɞ ˊɎɢɞɠ Űɖɠ ˊŰŮɟɤŰɐɠ.    

ɀŮ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ, Ŭɛɏůɤɠ ˊŬɟɎɔŮŰŬɘ ɞ əŬŰɎɚɞɔɞɠ forces ůŰɞɜ 

űɎəŮɚɞ Űɞɡ case. ȺəŮɑ, əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ forces/0/forces.dat, 

ŬˊɞɗɖəŮɨɞɜŰŬɘ ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůŮ ɛɞɟűɐ ɚɑůŰŬɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ əɎɗŮ ŮˊŬɜɎɚɖɣɖ ŬˊɞɗɖəŮɨɞɜŰŬɘ ŰɏůůŮɟŬ ŭɘŬɜɨůɛŬŰŬ ɛŮ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞɡɠ xyz ɎɝɞɜŮɠ: 

ȍȌɸǾ ůŰŬ ɸŰŮȍȖȂȆŬ ȍȌɸǾ ůŰŬ shroud ȇŬȆ hub 
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¶ force from pressure, 

¶ force from viscous, 

¶ moment from pressure əŬɘ 

¶ moment from viscous. 

ȼ ɟɞˊɐ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ z ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ ŭɘŬɜɡůɛɎŰɤɜ 

moment from pressure əŬɘ moment from viscous.  

ɆŰɞ ɆɢɐɛŬ 40 űŬɑɜŮŰŬɘ Ŭəɟɘɓɩɠ ɖ ůɨɜŰŬɝɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ forces ůŰɞ 

dictionary controlDict. ǱȆ ȈǽȋŮȆȎ ȇȈŮȆŭȆǼ ŮɸŮȋȄȂȌȖȊŰŬȆ ůŰȌȊ ǲǿȊŬȇŬ 4. 

 

ɆɢɐɛŬ 40: ɆɡɜɎɟŰɖůɖ forces ůŰɞ controlDict. 

ɄɑɜŬəŬɠ 4: ȺˊŮɝɐɔɖůɖ ŮɜŰɞɚɩɜ Űɞɡ subdictionary forces. 

ȿɏɝɖ ȾɚŮɘŭɑ ɄŮɟɘɔɟŬűɐ 

type ɇɨˊɞɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

functionObjectLibs 
ȸɘɓɚɘɞɗɐəŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ űɞɟŰɤɗɞɨɜ ůŰɞ 
ůɨůŰɖɛŬ, ɔɘŬ Űɖ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ 

ůɡɜɎɟŰɖůɖɠ. 

patches 
ɃɟɘŬəɏɠ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɔɘŬ 
Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŭɡɜɎɛŮɤɜ əŬɘ Űɤɜ 

ɟɞˊɩɜ. 

outputControl 
ɉɟɞɜɘəɧ ɓɐɛŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŭɡɜɎɛŮɤɜ əŬɘ 

Űɤɜ ɟɞˊɩɜ. 

outputInterval ȸɐɛŬ ŮəŰɨˊɤůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

pName ȳɜɞɛŬ ˊŮŭɑɞɡ ˊɘɏůŮɤɜ. 

UName ȳɜɞɛŬ ˊŮŭɑɞɡ ŰŬɢɡŰɐŰɤɜ. 

log 

ȺəŰɡˊɩɜŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ 
ŮɑŰŮ ɛɧɜɞ ůŰɞɜ əŬŰɎɚɞɔɞ forces (false), ŮɑŰŮ əŬɘ 
ůŰɞɜ əŬŰɎɚɞɔɞ forces əŬɘ ůŰɞ ŬɟɢŮɑɞ log.run 
(true). ũɘŬ Űɞ ŬɟɢŮɑɞ log.run ɓɚ. ȺɜɧŰɖŰŬ 5, Űɞ 

ˊɟɩŰɞ ɆɢɐɛŬ. 

rhoInf ɄɡəɜɧŰɖŰŬ ŬɜŬűɞɟɎɠ. 

rhoName ȳɜɞɛŬ ˊŮŭɑɞɡ ˊɡəɜɧŰɖŰŬɠ. 

CofR ȾɏɜŰɟɞ ˊŮɟɘůŰɟɞűɐɠ. 
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3.6.1.2. ɆɡɜɎɟŰɖůɖ probes 

ɆŰŬ ˊɟɞɓɚɐɛŬŰŬ ɡˊɞɚɞɔɘůŰɘəɐɠ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ 

ŰɟŮɝɑɛŬŰɞɠ, ɞ ɢɟɐůŰɖɠ ɢɟŮɘɎɕŮŰŬɘ ŮɟɔŬɚŮɑŬ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ Ůˊɑɚɡůɖɠ Űɞɡ. ȺɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɏɢŮɘ Űɖɜ ŮˊɞˊŰŮɑŬ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ ɧůɞ ŬɡŰɐ ŰɟɏɢŮɘ, ɩůŰŮ ɜŬ 

ɛˊɞɟŮɑ ɜŬ ŭɘɞɟɗɩɜŮɘ ŬůŰɞɢɑŮɠ əŬɘ ŰŮɚɘəɎ ɜŬ ɓŮɚŰɘɩɜŮɘ Űɞ case Űɞɡ. ȰɜŬɠ Ŭˊɧ 

Űɞɡɠ Ůɚɏɔɢɞɡɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɔɑɜŮŰŬɘ ŮɑɜŬɘ ŬɡŰɧɠ Űɖɠ ůɨɔəɚɘůɖɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ. ɇŬ ůɡɜɖɗɏůŰŮɟŬ ɛɏůŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ˊŬɟŬŰɐɟɖůɖ Űɖɠ ůɨɔəɚɘůɖɠ ŮɑɜŬɘ ŰŬ residuals əŬɘ ŰŬ monitor points.  

ɆŰɞ foam-extend-4.0 ŰŬ residuals ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ˊɚɖəŰɟɞɚɞɔɩɜŰŬɠ ůŰɞ 

ŰŮɟɛŬŰɘəɧ Űɞ utility pyFoamPlotWatcher.py log.run, ɧˊɞɡ log.run Űɞ ŬɟɢŮɑɞ 

ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŮɜŰɞɚɐɠ ɏɜŬɟɝɖɠ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ 

simpleSRFFoam. 

 

ɆɢɐɛŬ 41: Utility ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ Residuals. 

ȷɜŬűɞɟɘəɎ ɛŮ ŰŬ monitor points, ŬɡŰɎ ɟɡɗɛɑɕɞɜŰŬɘ ɢɎɟɖ ůŰɖ ůɡɜɎɟŰɖůɖ 

probes. ȷɡŰɐ ŮɑɜŬɘ ŬəɧɛŬ ɛɑŬ ŮɜůɤɛŬŰɤɛɏɜɖ ůŰɞ OpenFOAM ůɡɜɎɟŰɖůɖ, ɖ 

ɞˊɞɑŬ Ůˊɑůɖɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ dictionary Űɞɡ controlDict. Ⱥŭɩ, 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ůɑəɞůɘ ŭɨɞ ůɖɛŮɑŬ Ůɚɏɔɢɞɡ: ŰɏůůŮɟŬ əɞɜŰɎ ůŰɖɜ  ɞɟɘŬəɐ 

ŮˊɘűɎɜŮɘŬ Űɞɡ inlet (ɆɢɐɛŬ 44), ɞəŰɩ əɞɜŰɎ ůŰɖɜ ɞɟɘŬəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ outlet 

(ɆɢɐɛŬ 43) əŬɘ ŭɏəŬ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɢɤɟɑɞɡ Űɖɠ ɟɞɐɠ (ɆɢɐɛŬ 42). 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ ŰŬ monitor points əɞɜŰɎ ůŰŬ inlet əŬɘ outlet ɏɢŮɘ ɚɖűɗŮɑ 

ɡˊɧɣɖɜ ɖ ŬůűŬɚɐɠ ŬˊɧůŰŬůɖ Ŭˊɧ ŰŬ Ŭəɟɘɓɐ patches, ɧˊɞɡ əŬɘ ɖ 

ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ɛŮɔŮɗɩɜ ŮɑɜŬɘ ŭŮŭɞɛɏɜɖ. ɄŬɟɧɚɞ ˊɞɡ ɔɘŬ Űɖɜ 

ˊŰŮɟɤŰɐ ɛɑŬɠ ŬɜŰɚɑŬɠ, ŰŬ ůɖɛŬɜŰɘəɎ ˊɟɞɠ ůɨɔəɚɘůɖ ɛŮɔɏɗɖ ŮɑɜŬɘ ˊɞůɧŰɖŰŮɠ 

ɧˊɤɠ ɖ ɟɞˊɐ ˊŮɟɘůŰɟɞűɐɠ, Űɞ ɡŭɟŬɡɚɘəɧ ɨɣɞɠ ɐ ɞ ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ, ůŰɖ 

ůɡɜɎɟŰɖůɖ probes ɕɖŰɞɨɜŰŬɘ ŰŬ ɛŮɔɏɗɖ Űɤɜ ˊɘɏůŮɤɜ əŬɘ Űɤɜ ŰŬɢɡŰɐŰɤɜ. 

ȯɚɚɤůŰŮ Ŭˊɧ ŰŬ p əŬɘ U ŮɝŬɟŰɩɜŰŬɘ əŬɘ ɞɘ ˊɟɩŰŮɠ ɛɖɢŬɜɘəɏɠ ˊɞůɧŰɖŰŮɠ, 

ůɡɜŮˊɩɠ əŬɘ ɖ ŭɘəɐ Űɞɡɠ ůɨɔəɚɘůɖ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ. ūɡůɘəɎ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ 

ůɡɜŬɟŰɐůŮɤɜ forces, patchAverage əŬɘ patchMassFlowAverage Űɖɠ 

ˊɟɞɖɔɞɨɛŮɜɖɠ əŬɘ Űɖɠ ŮˊɧɛŮɜɖɠ ɡˊɞŮɜɧŰɖŰŬɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɖ 

ˊŬɟŬŰɐɟɖůɖ Űɖɠ ůɨɔəɚɘůɖɠ Űɤɜ M, H əŬɘ ɖ, ŬɚɚɎ ɤɠ əɞɛɛɎŰɘ Űɖɠ 

ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɜɧŰɖŰŬ 5. ɀˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ 

əɞɛɛɎŰɘ Űɖɠ Ůˊɑɚɡůɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ɢɟɐůŰɖɠ ɔɟɎɣŮɘ Űɞ ŭɘəɧ Űɞɡ 

əɩŭɘəŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɛŮɔŮɗɩɜ M, H əŬɘ ɖ əŬɘ Űɞɜ ŮɜůɤɛŬŰɩůŮɘ ůŰɞ 

ɚɞɔɘůɛɘəɧ Űɞɡ OpenFOAM. ɇɧŰŮ ɗŬ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɡŰɎ ŰŬ ɛŮɔɏɗɖ 

Ŭɛɏůɤɠ ɔɘŬ əɎɗŮ ŮˊŬɜɎɚɖɣɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ əŬɘ ɜŬ 

ˊɚɞŰɎɟɞɜŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ script ůŰɞ gnuplot. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

ɀŮ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ, ˊŬɟɎɔŮŰŬɘ ɞ əŬŰɎɚɞɔɞɠ probes (Ůŭɩ ɞɘ əŬŰɎɚɞɔɞɘ 

probes1, probes2 əŬɘ probes3 ï ɓɚ. ɆɢɐɛŬ 45) ůŰɞɜ űɎəŮɚɞ Űɞɡ case. ȺəŮɑ, 

əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ probes/0/p, Uabs ɐ Urel, ŬˊɞɗɖəŮɨɞɜŰŬɘ ɧɚŬ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůŮ ɛɞɟűɐ ɚɑůŰŬɠ. 

 

 

 

 

ɆɢɐɛŬ 42: Monitor points ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɢɤɟɑɞɡ Űɖɠ ɟɞɐɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

ɆɢɐɛŬ 43: Monitor points əɞɜŰɎ ůŰɖɜ ɞɟɘŬəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ outlet. 

 

ɆɢɐɛŬ 44: Monitor points əɞɜŰɎ ůŰɖɜ ɞɟɘŬəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ inlet. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

ɆŰo ɆɢɐɛŬ 45 űŬɑɜŮŰŬɘ ɖ Ŭəɟɘɓɐɠ ůɨɜŰŬɝɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ probes ůŰɞ 

dictionary controlDict. Ƀɘ ɚɏɝŮɘɠ əɚŮɘŭɘɎ ŮˊŮɝɖɔɞɨɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5. 

 

 

 

ɄɑɜŬəŬɠ 5: ȺˊŮɝɐɔɖůɖ ŮɜŰɞɚɩɜ Űɞɡ subdictionary probes. 

ȿɏɝɖ ȾɚŮɘŭɑ ɄŮɟɘɔɟŬűɐ 

type ɇɨˊɞɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

functionObjectLibs 
ȸɘɓɚɘɞɗɐəŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ űɞɟŰɤɗɞɨɜ ůŰɞ 
ůɨůŰɖɛŬ, ɔɘŬ Űɖ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ 

ůɡɜɎɟŰɖůɖɠ. 

enabled ȺˊɘŰɟɏˊŮɘ ɐ ɧɢɘ Űɖɜ əɚɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

outputControl 
ɉɟɞɜɘəɧ ɓɐɛŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɕɖŰɞɨɛŮɜɤɜ 

ɛŮɔŮɗɩɜ. 

outputInterval ȸɐɛŬ ŮəŰɨˊɤůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

probeLocations 
ɆɖɛŮɑŬ ůŰɞ ɢɤɟɑɞ Űɖɠ ɟɞɐɠ, ɧˊɞɡ ɕɖŰɎŰŬɘ ɜŬ 

ɡˊɞɚɞɔɘůŰɞɨɜ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɛŮɔɏɗɖ. 

fields ɄŮŭɑŬ ɛŮɔŮɗɩɜ ˊɞɡ ɕɖŰɎŰŬɘ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ. 

ɆɢɐɛŬ 45: ɆɡɜŬɟŰɐůŮɘɠ probes ůŰɞ 
controlDict. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

3.6.1.3. ɆɡɜŬɟŰɐůŮɘɠ patchAverage əŬɘ patchMassFlowAverage 

ũɘŬ Űɖɜ ˊŰŮɟɤŰɐ ɛɑŬɠ ŬɜŰɚɑŬɠ, Ůɝɑůɞɡ ůɖɛŬɜŰɘəɏɠ ˊɞůɧŰɖŰŮɠ ɛŮ Űɖ ɟɞˊɐ 

ˊŮɟɘůŰɟɞűɐɠ ŮɑɜŬɘ Űɞ ɡŭɟŬɡɚɘəɧ ɨɣɞɠ əŬɘ ɖ ɞɚɘəɐ ˊɑŮůɖ. ɇŬ ŭɨɞ ŬɡŰɎ ɛŮɔɏɗɖ 

ŭɑɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ Ŭˊɧ Űɞɡɠ Űɨˊɞɡɠ: 

( ( (
Ð Ð

”ϽὫ

ȿ5 ȟ ȿ ȿ5 ȟȿ

ςϽÇ
Ú Ú  ‖‌― 

ὴ ὴ ὴ
”ϽȿὟ ȿ

ς
ȟ 

ɧ́ ɞɡ ὴ ɖ ůŰŬŰɘəɐ ˊɑŮůɖ. 

Ɇɡɜɐɗɤɠ, ůŮ ŰɏŰɞɘŮɠ ŮűŬɟɛɞɔɏɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ȷrea Weighted Average Űɞɡ 

ɡŭɟŬɡɚɘəɞɨ ɨɣɞɡɠ əŬɘ Űɞ Mass Weighted Average Űɖɠ ɞɚɘəɐɠ ˊɑŮůɖɠ. 

ɆɡɜŮˊɩɠ, ŬɟəŮɑ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɛɏůŮɠ Űɘɛɏɠ ɔɘŬ ŰŬ 5  əŬɘ ὴ. 

ɇɞ Area Weighted Average ɛɑŬɠ ˊɞůɧŰɖŰŬɠ   ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 
В ΅

В΅
ȟ 

ɧˊɞɡ  ̈́ɖ ŮˊɘűɎɜŮɘŬ əɎɗŮ əŮɚɘɞɨ ůŰɖ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ   

Űɞ Mass Weighted Average ɛɑŬɠ ˊɞůɧŰɖŰŬɠ   ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

 
В ”ὲᴆϽὟᴆὃ

В” ὲᴆϽὟᴆὃ
ȟ 

ɧˊɞɡ  ̈́ɖ ŮˊɘűɎɜŮɘŬ əɎɗŮ əŮɚɘɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ” ɖ ˊɡəɜɧŰɖŰŬ əɎɗŮ əŮɚɘɞɨ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ, Ὗᴆ Űɞ ŭɘɎɜɡůɛŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ ůŮ əɎɗŮ əŮɚɑ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ 

ὲᴆ Űɞ ɛɞɜŬŭɘŬɑɞ, əɎɗŮŰɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŭɘɎɜɡůɛŬ.   

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ ŬɡŰɩɜ Űɤɜ Űɘɛɩɜ (5  əŬɘ ὴ), ɗŬ ˊɟɏˊŮɘ ɞ ɢɟɐůŰɖɠ ɜŬ 

ůɡɛˊŮɟɘɚɎɓŮɘ Űɘɠ ůɡɜŬɟŰɐůŮɘɠ patchAverage əŬɘ patchMassFlowAverage ůŰɞ 

dictionary Űɞɡ controlDict. Ƀɘ ůɡɜŬɟŰɐůŮɘɠ ŬɡŰɏɠ ɡˊɞɚɞɔɑɕɞɡɜ ŰŬ Area əŬɘ 

Mass Weighted Averages ŬɜŰɑůŰɞɘɢŬ. ũɘŬ Űɞ patch Űɞɡ inlet ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɛɧɜɞ ɖ Űɘɛɐ Űɖɠ ˊɑŮůɖɠ (Ŭűɞɨ ɖ Űɘɛɐ Űɖɠ ŬˊɧɚɡŰɖɠ ŰŬɢɨŰɖŰŬɠ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ) əŬɘ ɔɘŬ Űɞ patch Űɞɡ outlet ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ ɛɧɜɞ ɖ Űɘɛɐ Űɖɠ ŬˊɧɚɡŰɖɠ ŰŬɢɨŰɖŰŬɠ (Ŭűɞɨ ɖ Űɘɛɐ Űɖɠ ˊɑŮůɖɠ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɘɠ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ). ɇɞ Area Weighted Average Űɖɠ ˊɑŮůɖɠ 

ŰŬɡŰɑɕŮŰŬɘ, űɡůɘəɎ, Ŭəɟɘɓɩɠ ɛŮ Űɞ Mass Weighted Average Űɖɠ, ɔɘŬ ŬɡŰɧ əŬɘ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɧɜɞ ɛɑŬ űɞɟɎ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

ɀŮ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ, Ŭɛɏůɤɠ ˊŬɟɎɔŮŰŬɘ ɞ əŬŰɎɚɞɔɞɠ 

postProcessing ůŰɞɜ űɎəŮɚɞ Űɞɡ case. ȺəŮɑ, əɎŰɤ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ 

postProcessing/ patchAverage_patchAverage1/ 0/ Uabs ɐ postProcessing/ 

patchAverage_patchAverage2/ 0/ p ɐ postProcessing/ 

patchMassFlowAverage_patchMassFlowAverage1/ 0/ Uabs, ŬˊɞɗɖəŮɨɞɜŰŬɘ 

ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ůŮ ɛɞɟűɐ ɚɑůŰŬɠ. 

ɆŰɞ ɆɢɐɛŬ 46 űŬɑɜŮŰŬɘ Ŭəɟɘɓɩɠ ɖ ůɨɜŰŬɝɖ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ patchAverage əŬɘ 

patchMassFlowAverage ůŰɞ dictionary controlDict. Ƀɘ ɚɏɝŮɘɠ əɚŮɘŭɘɎ 

ŮˊŮɝɖɔɞɨɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 6. 

 

ɆɢɐɛŬ 46: ɆɡɜŬɟŰɐůŮɘɠ patchAverage əŬɘ patchMassFlowAverage ůŰɞ controlDict. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

ɄɑɜŬəŬɠ 6: ȺˊŮɝɐɔɖůɖ ŮɜŰɞɚɩɜ Űɤɜ subdictionaries patchAverage əŬɘ 
patchMassFlowAverage. 

ȿɏɝɖ ȾɚŮɘŭɑ ɄŮɟɘɔɟŬűɐ 

type ɇɨˊɞɠ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

functionObjectLibs 
ȸɘɓɚɘɞɗɐəŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ űɞɟŰɤɗɞɨɜ ůŰɞ 

ůɨůŰɖɛŬ, ɔɘŬ Űɖ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ 
ůɡɜɎɟŰɖůɖɠ. 

verbose 

ȺəŰɡˊɩɜŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ 
ŮɑŰŮ ɛɧɜɞ ůŰɞɜ əŬŰɎɚɞɔɞ postProcessing 

(false), ŮɑŰŮ əŬɘ ůŰɞɜ əŬŰɎɚɞɔɞ postProcessing 
əŬɘ ůŰɞ ŬɟɢŮɑɞ log.run (true). 

outputControlMode ɉɟɞɜɘəɧ ɓɐɛŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɛɏůɤɜ Űɘɛɩɜ. 

outputInterval ȸɐɛŬ ŮəŰɨˊɤůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

writeStartTime 

ȾŬɗɞɟɑɕŮɘ ŮɎɜ ɖ Űɘɛɐ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɗŬ 
ŮɛűŬɜɘůŰŮɑ ɐ ɧɢɘ ůŰɞ ŰŮɟɛŬŰɘəɧ ůŰɖɜ ˊɟɩŰɖ 

ŮˊŬɜɎɚɖɣɖ Űɞɡ ŰɟŮɝɑɛŬŰɞɠ. ɆŬɜ 
ˊɟɞŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ ɏɢŮɘ no. 

patches 
ɃɟɘŬəɏɠ ŮˊɘűɎɜŮɘŮɠ, ɧˊɞɡ ɔɑɜɞɜŰŬɘ ɞɘ 

ɡˊɞɚɞɔɘůɛɞɑ Űɖɠ ůɡɜɎɟŰɖůɖɠ. 

fields 
ɇŬ ˊŮŭɑŬ Űɤɜ ɛŮɔŮɗɩɜ ˊɞɡ ɕɖŰŮɑŰŬɘ ɜŬ 
ɡˊɞɚɞɔɘůŰɞɨɜ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ŮəɎůŰɞŰŮ 

ůɡɜɎɟŰɖůɖ. 

 

3.6.2. Dictionaries fvSchemes əŬɘ fvSolution 

ɇŬ dictionaries fvSchemes əŬɘ fvSolution ŭɘŬɛɞɟűɩɗɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ˊɟɧŰɡˊɖ ɛɞɟűɐ Űɞɡ tutorial axialTurbine Űɞɡ foam-extend-4.0. ɀŮŰɎ Ŭˊɧ ɏɜŬ 

ŭɞəɘɛŬůŰɘəɧ Űɟɏɝɘɛɞ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɞɨůɘŬ ŰŬ ŭɨɞ ŬɡŰɎ ɚŮɝɘəɎ, 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ ŬɜɎɔəɖ ɔɘŬ əŬɚɨŰŮɟɖ ůɨɔəɚɘůɖ, Ŭˊɧ ŬɡŰɐ ˊɞɡ ˊɟɞůűɏɟɞɡɜ ŰŬ 

fvSchemes əŬɘ fvSolution Űɞɡ axialTurbine. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, ɏˊɟŮˊŮ ɜŬ 

ˊɟɞůŬɟɛɞůŰɞɨɜ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ŮűŬɟɛɞɔɐ, ɩůŰŮ ůɡɜɞɚɘəɎ ɖ 

Ůˊɑɚɡůɖ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɛŮ Űɞɜ əŬɚɨŰŮɟɞ ŭɡɜŬŰɧ Űɟɧˊɞ. ɇŬ ŬɟɢɘəɎ ɚŮɝɘəɎ 

ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ɤɠ ˊɟɞɠ ŰŬ ɧɟɘŬ Ŭɜɞɢɐɠ Űɤɜ ˊŮŭɑɤɜ (tolerance əŬɘ relative 

tolerance), Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɢŬɚɎɟɤůɖɠ (relaxation factors) əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ŭɘɧɟɗɤůɖɠ Űɖɠ ɛɖ ɞɟɗɞɔɤɜɘɧŰɖŰŬɠ (nNonOrthogonalCorrectors) ɧˊɤɠ űŬɑɜŮŰŬɘ 

ˊŬɟŬəɎŰɤ: 

ɄɑɜŬəŬɠ 7: ɇɟɞˊɞˊɞɑɖůɖ Űɞɡ dictionary fvSolution Űɞɡ axialTurbine ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ 
ɗɏɛŬŰɞɠ. 

ɚȾɚ Fields tolerance relTol relaxationFactors 
1 p 1e-06 0.01 0.3 
2 Urel 1e-05 0.1 0.5 
3 k 1e-05 0.1 0.5 
4 omega 1e-05 0.1 0.5 

5 R 1e-05 0.1 0.7 
6 nutilda 1e-05 0.1 0.7 
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ɆŰɖ ɚɏɝɖ əɚŮɘŭɑ nNonOrthogonalCorrectors ŭɧɗɖəŮ ɖ Űɘɛɐ 2. 

ȾɎɗŮ ŮűŬɟɛɞɔɐ Ůˊɑɚɡůɖɠ Ůɜɧɠ ˊɟɞɓɚɐɛŬŰɞɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɟŮɡůŰɞɛɖɢŬɜɘəɐɠ, 

ˊɟɞŰŮɑɜŮŰŬɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ ůɢɐɛŬŰŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ. 

ȷˊɞŰŮɚɏůɛŬŰŬ ɛŮ ůɢɐɛŬŰŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ ˊɟɩŰɖɠ ŰɎɝɖɠ ŭŮɜ ŮɑɜŬɘ ŬɝɘɧˊɘůŰŬ 

əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ. Ƀ ɚɧɔɞɠ ŮɑɜŬɘ, ɧŰɘ ŰŬ ˊɟɩŰɖɠ ŰɎɝɖɠ ůɢɐɛŬŰŬ 

ŮɘůɎɔɞɡɜ ůűɎɚɛŬ ŬɟɘɗɛɖŰɘəɐɠ ŭɘɎɢɡůɖɠ (diffusive) ɐ ŬɟɘɗɛɖŰɘəɐɠ 

ůɡɜŮəŰɘəɧŰɖŰŬɠ. ȷɡŰɧ ŮɝɞɛŬɚɨɜŮɘ Űɖ ɟɞɐ əŬɘ ŭŮɑɢɜŮɘ ɛɑŬ ŮɘəɧɜŬ əŬɚɨŰŮɟɖɠ 

ůɨɔəɚɘůɖɠ (robust), ŬɚɚɎ ɧɢɘ ˊɟɞɠ Űɘɠ ůɤůŰɏɠ Űɘɛɏɠ. ɇŬ ůɢɐɛŬŰŬ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ 

əŬɘ Ɏɜɤ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ŮɝŬůűŬɚɑɕɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŬəɟɑɓŮɘŬ əŬɘ ŬɝɘɞˊɘůŰɑŬ. 

Ʉɞɚɚɏɠ űɞɟɏɠ, ɏɜŬ Űɟɏɝɘɛɞ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɝŮəɘɜɐůŮɘ ɛŮ ůɢɐɛŬŰŬ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ 

ˊɟɩŰɖɠ ŰɎɝɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ɛŮŰŬɓɚɖɗŮɑ ůŮ ůɢɐɛŬŰŬ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ. ũɘŬ 

Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ůɨɔəɚɘůɖɠ ŭɞəɘɛɎůŰɖəŮ əŬɘ ŬɡŰɧɠ ɞ Űɟɧˊɞɠ Ůˊɑɚɡůɖɠ. ȹŮ 

ŭɞɨɚŮɣŮ, ɧɛɤɠ, ɧˊɤɠ ɗŬ ɏˊɟŮˊŮ əŬɘ ŰŮɚɘəɎ ŬˊɞɟɟɑűɗɖəŮ. ȼ ůɡɜɗɐəɖ Űɖɠ 

ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ Űɤɜ ůɢɖɛɎŰɤɜ ŭɘŬəɟɘŰɞˊɞɑɖůɖɠ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɐŭɖ Ŭˊɧ Űɞ 

fvSchemes Űɞɡ axialTurbine əŬɘ ůɡɜŮˊɩɠ Űɞ ɚŮɝɘəɧ ŭŮ ɢɟŮɘɎɕŮŰŬɘ əɎˊɞɘŬ 

ŬɜŰɑůŰɞɘɢɖ ɛŮŰŬŰɟɞˊɐ. ɇŬ ůɢɐɛŬŰŬ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ 

ŰŬ ŬəɧɚɞɡɗŬ: Gauss linear, Gauss linearUpwind Gauss linear əŬɘ Gauss 

linear corrected.   
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4. ȹɘŬŭɘəŬůɑŬ ũɏɜŮůɖɠ Űɞɡ ɄɚɏɔɛŬŰɞɠ ůŰɖɜ 

ɄŰŮɟɤŰɐ Űɖɠ ūɡɔɞəŮɜŰɟɘəɐɠ ȷɜŰɚɑŬɠ 

ɀɏɢɟɘ ŰɩɟŬ ɏɢŮɘ ůɢɞɚɘŬůŰŮɑ ɖ ɞɟɔɎɜɤůɖ Űɖɠ Ůˊɑɚɡůɖɠ əŬɘ ɖ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ 

case Űɖɠ ˊŰŮɟɤŰɐɠ ůŰɞ OpenFOAM. ũɘŬ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ ˊŮɟɘɔɟŬűɐ, ůɢŮŰɘəɎ 

ɛŮ Űɞ ůŰɎŭɘɞ Űɖɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ, ŬɟəŮɑ ɜŬ ůɡɛˊɚɖɟɤɗɞɨɜ 

ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɚɏɔɛŬ əŬɘ ɜŬ ŮˊɘůɖɛŬɜɗŮɑ ɞ 

Űɟɧˊɞɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ Űɞɡ cfMesh. ȼ ȺɜɧŰɖŰŬ 

4, ɚɞɘˊɧɜ, ˊɟŬɔɛŬŰŮɨŮŰŬɘ ɧɚŬ ŰŬ ɕɖŰɐɛŬŰŬ ˊɞɡ ŰɏɗɖəŬɜ əŬŰɎ Űɖ ɔɏɜŮůɖ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ. ɄɟɞɓɎɚɚŮɘ: 

¶ ŰŬ ́ ɟɞɓɚɐɛŬŰŬ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ˊɞɡ ŭɡůɢŮɟŬɑɜɞɡɜ Űɖɜ 

ˊɚŮɔɛŬŰɞˊɞɑɖůɖ əŬɘ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɐ Űɞɡɠ, 

¶ Űɖ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɧɚɤɜ Űɤɜ ˊɚŮɔɛɎŰɤɜ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Ůɚɏɔɢɞɡ Űɖɠ ŬɜŮɝŬɟŰɖůɑŬɠ Űɖɠ 

ɚɨůɖɠ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ˊɚɏɔɛŬŰɞɠ, 

¶ Űɘɠ ŬɜŬɚɡŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ůŰɞ cfMesh əŬɘ Űɞ meshDict, ˊɑůɤ Ŭˊɧ Űɞ 

ŰŮɚɘəɧ ˊɚɏɔɛŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ɧɚɤɜ Űɤɜ ˊŬɟɞɢɩɜ Űɞɡ 

ɄɑɜŬəŬ 2 əŬɘ 

¶ ŰŬ ́ɚŮɔɛŬŰɘəɎ əŬɘ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊɚɏɔɛŬŰɞɠ. 

ɄŬɟɧɚɞ ˊɞɡ ɤɠ ůŰɎŭɘɞ ŮˊŮɝŮɟɔŬůɑŬɠ, ɖ ˊŬɟŬɔɤɔɐ ˊɚɏɔɛŬŰɞɠ ˊɟɞɖɔŮɑŰŬɘ Űɖɠ 

Ůˊɑɚɡůɖɠ, Ůŭɩ ŮˊɘɚɏɢɗɖəŮ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɛŮ Űɖɜ ŬɜŰɑůŰɟɞűɖ ůŮɘɟɎ, 

Ŭəɟɘɓɩɠ ŮˊŮɘŭɐ ɖ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɞɡ ˊɚɏɔɛŬŰɞɠ ˊɟɞɦˊɞɗɏŰŮɘ ɏɜŬ ɏŰɞɘɛɞ, Ŭˊɧ 

Ɏˊɞɣɖ OpenFOAM, case.    
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4.1. ũŮɤɛŮŰɟɘəɎ ɄɟɞɓɚɐɛŬŰŬ əŬɘ ȺɛˊɧŭɘŬ əŬŰɎ Űɖɜ 

ɄɚŮɔɛŬŰɞˊɞɑɖůɖ 

ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ əŬɚɞɨ, ˊɞɘɞŰɘəɞɨ ˊɚɏɔɛŬŰɞɠ, ŮɑɜŬɘ 

ɖ ŬɜɎˊŰɡɝɐ Űɞɡ ɛɏůŬ ůŮ ɛɑŬ əŬɗŬɟɐ əŬɘ ůɤůŰɐ ɔŮɤɛŮŰɟɑŬ. ɇɞ ɢɤɟɑɞ Űɖɠ ɟɞɐɠ 

ůŰɖɜ ˊŰŮɟɤŰɐ ɛɑŬɠ ŬɜŰɚɑŬɠ ŮɑɜŬɘ Ŭˊɧ Űɖ űɨůɖ Űɞɡ ɔŮɤɛŮŰɟɘəɎ ˊŮɟɑˊɚɞəɞ əŬɘ 

ŭɡůɢŮɟŬɑɜŮɘ ůŮ ˊɞɚɚɎ ůɖɛŮɑŬ Űɖɜ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ, ŮɑɜŬɘ 

ůɖɛŬɜŰɘəɧ Űɞ əɞɛɛɎŰɘ Űɖɠ ˊŰŮɟɤŰɐɠ, ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɛɑŬ ŮűŬɟɛɞɔɐ 

cfd, ɜŬ ŮɑɜŬɘ Ŭˊɚɞˊɞɘɖɛɏɜɞ əŬɘ ɜŬ ɛɖɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŰɞɜŮɠ ɐ Ŭɘɢɛɖɟɏɠ 

ɔɤɜɑŮɠ. ɆŰɞ ɆɢɐɛŬ 47 űŬɑɜɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ůɖɛŮɑŬ Ŭˊɚɞˊɞɑɖůɖɠ Űɖɠ Ŭɟɢɘəɐɠ 

ɔŮɤɛŮŰɟɑŬɠ Űɞɡ 1/5 Űɖɠ ůɡɜɞɚɘəɐɠ ˊŰŮɟɤŰɐɠ. 

  

 

 

ȷəɧɛŬ, ɧɛɤɠ, əŬɘ ůŮ ɛɑŬ ɚŮɑŬ əŬɘ ɞɛŬɚɐ ɔŮɤɛŮŰɟɑŬ ˊŰŮɟɤŰɐɠ, ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ 

ɡˊɎɟɢɞɡɜ ˊɚŮɔɛŬŰɘəɏɠ ˊɟɞəɚɐůŮɘɠ, ˊɞɡ ŬˊŬɘŰɞɨɜ ɘŭɘŬɑŰŮɟɖ ɛŮŰŬɢŮɑɟɘůɖ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, əŬŰɎ Űɖɜ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ Űɞɡ ˊŮŭɑɞɡ Űɖɠ ɟɞɐɠ ůŰɖɜ ˊŰŮɟɤŰɐ 

űɡɔɞəŮɜŰɟɘəɐɠ ŬɜŰɚɑŬɠ ɛŮ cfMesh, ůɡɜŬɜŰɎŰŬɘ ůɡɢɜɎ ˊɟɧɓɚɖɛŬ ůŰɖɜ ˊŮɟɘɞɢɐ 

Ůɝɧŭɞɡ Űɖɠ ɟɞɐɠ Ŭˊɧ Űɖɜ ˊŰŮɟɤŰɐ əŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əɞɟɡűɐɠ Űɞɡ ˊŰŮɟɡɔɑɞɡ 

(patches outlet əŬɘ blade_Top). ȺəŮɑ ɡ Ɏ́ɟɢŮɘ ɛŮɔɎɚɞɠ əɑɜŭɡɜɞɠ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗɞɨɜ əŮɜɎ ůŰɖ ɔŮɤɛŮŰɟɑŬ, ŮɎɜ Űɞ ˊɚɏɔɛŬ ŭŮɜ ŮɑɜŬɘ əŬŰɎɚɚɖɚŬ 

ŭɘŬɛɞɟűɤɛɏɜɞ (ɓɚ. ɆɢɐɛŬ 48). 

ɆɢɐɛŬ 47: ɄŬɟɎŭŮɘɔɛŬ ɚŮɑŬɜůɖɠ Űɤɜ ɏɜŰɞɜɤɜ ɔɤɜɘɩɜ ůŰɞ ˊŮŭɑɞ Űɖɠ 

ɟɞɐɠ ůŰɖɜ ˊŰŮɟɤŰɐ. 
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ɀŮ Űɖ ɓɘɓɚɘɞɗɐəɖ Űɞɡ cfMesh əŬɘ Űɞ dictionary meshDict, ɡˊɎɟɢɞɡɜ ŭɨɞ Űɟɧˊɞɘ 

ŬɜŰɘɛŮŰɩˊɘůɖɠ ŬɡŰɞɨ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ: 

1. ɀɏůɤ Űɖɠ ɢɟɐůɖɠ Űɖɠ ɚɏɝɖɠ əɚŮɘŭɑ objectRefinements əŬɘ Űɞɜ ɞɟɘůɛɧ 

ŮˊɘˊɟɧůɗŮŰɖɠ ˊɨəɜɤůɖɠ ŮɜŰɧɠ Ůɜɧɠ çəɞɨűɘɞɡ əɩɜɞɡè (hollowCone), ɛŮ 

əɏɜŰɟɞ Űɞ əɏɜŰɟɞ Űɖɠ ˊŰŮɟɤŰɐɠ əŬɘ ŮůɤŰŮɟɘəɐ əŬɘ ŮɝɤŰŮɟɘəɐ ŬəŰɑɜŬ 

ŰɏŰɞɘŮɠ, ɩůŰŮ Űɞ ŭŬɢŰɡɚɑŭɘ Űɖɠ ˊɨəɜɤůɖɠ ɜŬ əŬɚɨˊŰŮɘ Űɖɜ ˊɟɞɓɚɖɛŬŰɘəɐ 

ˊŮɟɘɞɢɐ (ɓɚ. ɄɑɜŬəŬ 9).   

2. ɀɏůɤ Űɖɠ ŮɘůŬɔɤɔɐɠ Űɖɠ ɚɏɝɖɠ əɚŮɘŭɑ keepCellsIntersectingPatches 

ɔɘŬ Űɞ patch Űɞɡ outlet. ɀŮ ŬɡŰɐ Űɖɜ Ůˊɘɚɞɔɐ, ŰŬ əŮɚɘɎ ɛŮŰŬɝɨ Űɖɠ 

ˊŰŮɟɨɔɤůɖɠ əŬɘ Űɖɠ Ůɝɧŭɞɡ ůɡɛˊɘɏɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɜŬ ˊɡəɜɩɜŮŰŬɘ ɖ ɕɖŰɞɨɛŮɜɖ ˊŮɟɘɞɢɐ, ŭɘŬŰɖɟɩɜŰŬɠ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

əŮɚɘɩɜ ɛŮɔŬɚɨŰŮɟɞ, ůŮ ůɢɏůɖ ɛŮ ŬɡŰɧ ˊɞɡ ɗŬ ˊɟɞɏəɡˊŰŮ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɞɡ objectRefinements. ȰŰůɘ, ŮɝɞɘəɞɜɞɛɞɨɜŰŬɘ əŮɚɘɎ ůɡɜɞɚɘəɎ 

ůŰɞ ˊɚɏɔɛŬ, əŬɘ ɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɖ. 

ȷɡŰɐ ɖ ŮɜŰɞɚɐ, ɛŮ Űɖɜ ˊŬɟŬɚɚŬɔɐ Űɞɡ keepCellsIntersectingBoundary, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ ůŰɖ ɔɏɜŮůɖ Űɞɡ Ůɜ ɚɧɔɤ ˊɚɏɔɛŬŰɞɠ (ɓɚ. ɆɢɐɛŬ 55 

əŬɘ ɄɑɜŬəŬ 9). ɀŮ ŬɡŰɐɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ůɡɛˊɑŮůɖ Űɤɜ əŮɚɘɩɜ, ɔɘŬ Űɖɜ 

əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ůɨɚɚɖɣɖ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ. 

 

ɆɢɐɛŬ 48: ɄŬɟɎŭŮɘɔɛŬ ŬůŰɞɢɑŬɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ, ɚɧɔɤ əŬəɐɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ əŬɘ 
ŭɖɛɘɞɡɟɔɑŬ əŮɜɞɨ. 

ɇɏɚɞɠ, ůŮ ŬɡŰɐɜ Űɖɜ ȺɟɔŬůɑŬ, ˊɟɞɏəɡɣŮ ŬəɧɛŬ ɛɑŬ ŭɡůəɞɚɑŬ, ŬɜŬűɞɟɘəɎ ɛŮ Űɖ 

ɔŮɤɛŮŰɟɑŬ əŬɘ Űɞɜ Űɟɧˊɞ ˊɞɡ ŬɡŰɐ ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ. 

ȾŬŰɎ Űɖ ɛŮŰŬűɞɟɎ Űɞɡ ˊɟɞɦˊɎɟɢɞɜŰɞɠ ŬɟɢŮɑɞɡ STEP Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Ŭˊɧ Űɞ 

SOLIDWORKS, ɧˊɞɡ ŮɑɢŮ ɐŭɖ əŬŰŬůəŮɡŬůŰŮɑ ůŰŬ ˊɚŬɑůɘŬ ˊŬɚɘɧŰŮɟɖɠ 

ŮɟŮɡɜɖŰɘəɐɠ ŮɟɔŬůɑŬɠ, ůŰɞ SALOME əŬɘ əŬŰɎ Űɖ ŭɘŬɑɟŮůɖ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ ůŰɘɠ 

Ůˊɘɛɏɟɞɡɠ ŮˊɘűɎɜŮɘŮɠ faces (extrude ɛŮ sub-shape type faces - ɓɚ. ɄŬɟɎɟŰɖɛŬ 
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ũ), ˊɏɟŬ Ŭˊɧ ŰŬ ŬɜŬɛŮɜɧɛŮɜŬ faces, ˊɟɞɏəɡɣŬɜ ɚŬɜɗŬůɛɏɜŬ əŬɘ ŭɨɞ 

ˊŬɟŬˊɎɜɤ. ɇŬ ŭɨɞ Ůˊɘˊɚɏɞɜ çfacesè, ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɐŰŬɜ Űɨˊɞɡ Ŭəɛɐɠ 

(edges), əŬɘ Ůˊɞɛɏɜɤɠ ŭŮ ɗŬ ɏˊɟŮˊŮ ɜŬ ŮɛűŬɜɘůŰɞɨɜ. ȷɡŰɎ ŰŬ ŭɨɞ çfacesè 

űŬɑɜɞɜŰŬɘ ůŰŬ ůɢɐɛŬŰŬ 18 əŬɘ 20 əŬɘ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ůɖɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɖɜ ɏɜŰɞɜŬ 

ɛŬɡɟɘůɛɏɜɖ Ŭəɛɐ (shroud_ProblemArea əŬɘ hub_ProblemArea). ȳˊɤɠ ŮɑɜŬɘ 

əŬŰŬɜɞɖŰɧ, ŭŮ ɔɘɜɧŰŬɜ ɜŬ ɛɖ ůɡɛˊŮɟɘɚɖűɗɞɨɜ ůŰɖɜ əŬŰŬɜɞɛɐ Űɤɜ patches, 

Ŭűɞɨ ŰɧŰŮ ɗŬ ɏɚŮɘˊŮ əɞɛɛɎŰɘ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ŬɡŰɐ ɗŬ ŬɚɚɞɘɤɜɧŰŬɜ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ůŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘɞɢɏɠ əŮɜɎ ɐ ɗŬɛˊɩɛŬŰŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰŬ 

ɆɢɐɛŬŰŬ 49 əŬɘ 50 (ɡˊɞůɖɛŮɑɤůɖ 2) ŬɜŰɑůŰɞɘɢŬ. ȼ ˊŬɟŬɔɤɔɐ Űɞɡɠ ˊɘɗŬɜɧŰŬŰŬ 

ɞűŮɑɚŮŰŬɘ ůŮ ůűɎɚɛŬ əŬŰɎ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ Űɞɡ SOLIDWORKS əŬɘ Űɞɡ 

SALOME. ȷɡŰɎ ŰŬ ŭɨɞ edges, ɚɞɘˊɧɜ, (ɏɜŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ shroud əŬɘ ɏɜŬ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ hub), ůɡɛˊŮɟɘɚɐűɗɖəŬɜ ůŰŬ patches ɛŮ Űɖɜ ŬˊɞɗɐəŮɡůɖ 

ŭɨɞ ŮˊɘˊɟɧůɗŮŰɤɜ, ɝŮɢɤɟɘůŰɩɜ ɞɛɎŭɤɜ, Űɤɜ shroud_ProblemArea əŬɘ 

hub_ProblemArea (ɆɢɐɛŬŰŬ 18 əŬɘ 20). ȰŰůɘ ŭɧɗɖəŮ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Ůɘŭɘəɐɠ 

ɛŮŰŬɢŮɑɟɖůɖɠ Űɞɡɠ əŬŰɎ Űɖɜ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ. 

 

ɆɢɐɛŬ 49: ɄŬɟɎŭŮɘɔɛŬ ŬůŰɞɢɑŬɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ, ɚɧɔɤ əŬəɐɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ ůŰɖɜ 
ˊŮɟɘɞɢɐ Űɞɡ hub_ProblemArea ɐ ɚɧɔɤ Ŭɔɜɧɖůɐɠ Űɞɡ. 

  

ɆɢɐɛŬ 50: ɄŬɟɎŭŮɘɔɛŬ 

ŬůŰɞɢɑŬɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ, ɚɧɔɤ: 

1. ŬˊɞɡůɑŬɠ Űɖɠ ɟɨɗɛɘůɖɠ 

objectRefinement ůŮ ůɖɛŮɑŬ 

ɛŮ ˊɟɧɓɚɖɛŬ 

nonOrthogonality əŬɘ 

2. əŬəɐɠ ˊɚŮɔɛŬŰɞˊɞɑɖůɖɠ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

shroud_ProblemArea ɐ 

ɚɧɔɤ Ŭɔɜɧɖůɐɠ Űɞɡ. 
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4.2. ȷɜŮɝŬɟŰɖůɑŬ ɄɚɏɔɛŬŰɞɠ 

ȰɜŬ Ŭˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ɓɐɛŬŰŬ ůŰɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ɟŮɡůŰɞɛɖɢŬɜɘəɐ ŮɑɜŬɘ ɖ 

ŮˊɑŰŮɡɝɖ Űɖɠ ŬɜŮɝŬɟŰɖůɑŬɠ Űɖɠ ɚɨůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Ŭˊɧ Űɞ ˊɚɏɔɛŬ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɚɨůɖ ɛɑŬɠ ŮűŬɟɛɞɔɐɠ űŬɑɜŮŰŬɘ ɜŬ ŬɚɚɎɕŮɘ, ɧůɞ ɞ ɢɟɐůŰɖɠ 

ɡ́əɜɩɜŮɘ ɏɜŬ ŬɟɢɘəɎ ŬɟŬɘɧ ˊɚɏɔɛŬ. ȼ ɛŮŰŬɓɞɚɐ, ɧɛɤɠ, ůŰɘɠ Űɘɛɏɠ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ɡűɑůŰŬŰŬɘ ɛɏɢɟɘ əɎˊɞɘɞ ɧɟɘɞ. ȷˊɧ ɏɜŬ ůɖɛŮɑɞ əŬɘ ɛŮŰɎ, ɖ ɚɨůɖ 

ůŰŬɛŬŰɎŮɘ ɜŬ ŭɘŬűɏɟŮɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ ˊɚɏɔɛŬ ůŮ ˊɚɏɔɛŬ, ˊŬɟɎ Űɖɜ Ůˊɘˊɚɏɞɜ 

ˊɨəɜɤůɖ. ɇɧŰŮ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ůˊɑɚɡůɖɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ 

əŬɘ ɗŮɤɟɞɨɜŰŬɘ ˊɚɏɞɜ ɡˊɞɚɞɔɘůŰɘəɎ Ŭəɟɘɓɐ. ɇɞ ˊɟɩŰɞ ˊɚɏɔɛŬ, ɧˊɞɡ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ɚɨůɖɠ, ŮɑɜŬɘ əŬɘ ŬɡŰɧ ˊɞɡ ŰŮɚɘəɎ ŮˊɘɚɏɔŮŰŬɘ 

ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ. ȷɡŰɧ Űɞ ɞɟɘŬəɧ ˊɚɏɔɛŬ ŮɑɜŬɘ ŬɟəŮŰɎ ˊɡəɜɧ, ɩůŰŮ ɜŬ 

ůəɘŬɔɟŬűɐůŮɘ əŬɘ Űɘɠ ˊɘɞ ůɨɜɗŮŰŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ Űɖɠ ɟɞɐɠ. Ɇɡɔɢɟɧɜɤɠ, ɏɢŮɘ əŬɘ 

Űɞɜ ɛɘəɟɧŰŮɟɞ ŭɡɜŬŰɧ Ŭɟɘɗɛɧ əŮɚɘɩɜ, ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ ɚɨůɖɠ ɛŮ 

Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ɡˊɞɚɞɔɘůŰɘəɐɠ ɘůɢɨɞɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɞɨ ɢɟɧɜɞɡ.  

ɆŰɖɜ ˊŬɟɞɨůŬ ȺɟɔŬůɑŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɩŭŮəŬ ɓŬůɘəɎ ˊɚɏɔɛŬŰŬ. ȷ́ ɧ 

ˊɚɏɔɛŬ ůŮ ˊɚɏɔɛŬ, ŰŬ əŮɚɘɎ ŬɨɝŬɜŬɜ ůɢŮŭɧɜ ůŰŬɗŮɟɎ əŬŰɎ 50000, Ůɜɩ ɖ ɚɞɔɘəɐ 

əŬɘ ɞ Űɟɧˊɞɠ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡɠ ůŰɞ cfMesh ɐŰŬɜ Ŭəɟɘɓɩɠ ŰŬ ɑŭɘŬ (ɓɚ. meshDict 

ůŰɖɜ ɡˊɞŮɜɧŰɖŰŬ 4.3.1). ɇɞ ˊɟɩŰɞ ˊɚɏɔɛŬ ŮɑɢŮ ɛɏɔŮɗɞɠ 50000 əŮɚɘɩɜ. ȾŬɘ ŰŬ 

ŭɩŭŮəŬ ˊɚɏɔɛŬŰŬ ŮˊɘɚɨɗɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ Űɖɠ ȺɜɧŰɖŰŬɠ 3, ɔɘŬ Űɘɠ 

Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ əŬɜɞɜɘəɞɨ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ. ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɤɜ 

ŬˊŬɟŬɑŰɖŰɤɜ ɔɘŬ Űɖ ůɨɔəɚɘůɖ ŮˊŬɜŬɚɐɣŮɤɜ, ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ əɎɗŮ ˊɚɏɔɛŬ ɖ 

Űɘɛɐ Űɞɡ ɡŭɟŬɡɚɘəɞɨ ɨɣɞɡɠ (H) əŬɘ ŬɡŰɐ Űɖɠ ɟɞˊɐɠ ˊŮɟɘůŰɟɞűɐɠ (M), 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ɡˊɞŮɜɧŰɖŰŬ 3.6.1. ɇŬ ŭɨɞ ŬɡŰɎ ɛŮɔɏɗɖ ŮɑɜŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

ɛɖɢŬɜɘəɏɠ ˊɞůɧŰɖŰŮɠ ɔɘŬ ɛɑŬ ŬɜŰɚɑŬ əŬɘ ɗŮɤɟɞɨɜŰŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ɏɜŬ case, Ŭűɞɨ ůŮ ŬɡŰɎ ůɡɜɞɣɑɕɞɜŰŬɘ ɧɚŬ ŰŬ 

ɟŮɗůŰɞɛɖɢŬɜɘəɎ ůŰɞɘɢŮɑŬ (ŰŬɢɨŰɖŰŮɠ, ˊɘɏůŮɘɠ, ŭɡɜɎɛŮɘɠ, ɓŬɗɛɧɠ Ŭˊɧŭɞůɖɠ, 

ɘůɢɨɠ, əɚˊ.) Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇɞɜɑɕŮŰŬɘ ɧŰɘ ɖ ɟɞˊɐ ˊɞɡ ɛŮŰɟɐɗɖəŮ Ůŭɩ ŬűɞɟɎ 

ɛɧɜɞ ůŰɞ ɏɜŬ ˊŰŮɟɨɔɘɞ Űɞɡ ɢɤɟɑɞɡ Űɖɠ ɟɞɐɠ ůŰɖɜ ˊŰŮɟɤŰɐ. 

ȴůŰŮɟŬ Ŭˊɧ ŬɡŰɐ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ, ˊɟɞɏəɡɣŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ȹɘŬɔɟŬɛɛɎŰɤɜ 1 əŬɘ 2. 

Ƀɘ Űɘɛɏɠ ɔɘŬ Űɖ ůɢŮŭɑŬůɖ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ŭɨɞ ŭɘŬɔɟŬɛɛɎŰɤɜ űŬɑɜɞɜŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɞɜ ɄɑɜŬəŬ 8. 

ɄɑɜŬəŬɠ 8: ɀŮŰŬɓɞɚɐ Űɤɜ Űɘɛɩɜ Űɞɡ ɡŭɟŬɡɚɘəɞɨ ɨɣɞɡɠ əŬɘ Űɖɠ ɟɞˊɐɠ ˊŮɟɘůŰɟɞűɐɠ 
əŬŰɎ Űɖɜ ˊɨəɜɤůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ. 

ȷ/ȷ 
ɇɎɝɖ ɀŮɔɏɗɞɡɠ 
ɄɚɏɔɛŬŰɞɠ 

ɄɟŬɔɛŬŰɘəɧ ɀɏɔŮɗɞɠ 
ɄɚɏɔɛŬŰɞɠ 

H (mɆɈ) M (Nm) 

1 50000 57227 38.27 1.541 

2 100000 113817 40.25 1.525 
3 150000 168293 39.89 1.537 
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4 200000 204893 40.29 1.525 

5 250000 263831 41.07 1.588 

6 300000 317256 42.09 1.601 
7 350000 354067 41.94 1.602 

8 400000 381881 42.00 1.600 

9 450000 444871 41.92 1.599 

10 500000 519461 42.05 1.600 

11 550000 548843 42.00 1.601 

12 600000 596090 41.90 1.600 
 

 

ȹɘɎɔɟŬɛɛŬ 1: ȺˊɑŭɟŬůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ˊɚɏɔɛŬŰɞɠ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ 
ɡŭɟŬɡɚɘəɞɨ ɨɣɞɡɠ. 

 

ȹɘɎɔɟŬɛɛŬ 2: ȺˊɑŭɟŬůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ˊɚɏɔɛŬŰɞɠ ůŰɘɠ Űɘɛɏɠ Űɖɠ ɟɞˊɐɠ 
ˊŮɟɘůŰɟɞűɐɠ Űɞɡ Ůɜɧɠ ˊŰŮɟɡɔɑɞɡ Űɖɠ ˊŰŮɟɤŰɐɠ. 
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ɆŰɞɜ ɄɑɜŬəŬ 8 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɘɛɏɠ ɔɘŬ Űɞ ɡŭɟŬɡɚɘəɧ ɨɣɞɠ (ɛŮ 

ŬəɟɑɓŮɘŬ ŭŮɨŰŮɟɞɡ ŭŮəŬŭɘəɞɨ ɣɖűɑɞɡ) əŬɘ ɔɘŬ Űɖ ɟɞˊɐ (ɛŮ ŬəɟɑɓŮɘŬ ŰɟɑŰɞɡ 

ŭŮəŬŭɘəɞɨ ɣɖűɑɞɡ). 

ȳɚŬ ŰŬ ˊɚɏɔɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɘəŬɜɞˊɞɘɞɨůŬɜ ŭɨɞ ůɖɛŬɜŰɘəɎ 

əɟɘŰɐɟɘŬ: 

1. Űɖɜ əŬɚɐ ůɨɔəɚɘůɖ Űɖɠ ɚɨůɖɠ ůŰɖɜ ŰŮɚɘəɐ Űɖɠ Űɘɛɐ əŬɘ 

2. Űɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ˊɞɘɧŰɖŰŬ ˊɚɏɔɛŬŰɞɠ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ 

ˊŮɟɘɞɟɘůɛɞɨɠ Űɞɡ OpenFOAM əŬɘ Űɞ utility Űɞɡ checkMesh. 

ȾŬɗɧɚɖ ŬɡŰɐɜ Űɖ ŭɘŬŭɘəŬůɑŬ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɖ ůɨɔəɚɘůɖ Űɖɠ ɚɨůɖɠ, Ůɜɩ ɐŰŬɜ 

ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬˊɞŭŮəŰɐ, ɐŰŬɜ ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ əŬɚɨŰŮɟɖ ůŰŬ 

ˊɚɏɔɛŬŰŬ ɛŮ Űɞ ɛɘəɟɧŰŮɟɞ ɛɏɔŮɗɞɠ. ȳůɞ ɞ Ŭɟɘɗɛɧɠ Űɤɜ əŮɚɘɩɜ 

ˊɞɚɚŬˊɚŬůɘŬɕɧŰŬɜ, Űɧůɞ Űɞ ́ɚɎŰɞɠ ůŰɘɠ ŰŬɚŬɜŰɩůŮɘɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ (ɔɘŬ 

ŰŬ ɛŮɔɏɗɖ H əŬɘ M) ɔɨɟɤ Ŭˊɧ Űɖ ɛɏůɖ Űɘɛɐ ŬɡɝŬɜɧŰŬɜ. ȼ ůɡɛˊŮɟɘűɞɟɎ ŬɡŰɐ 

ůŰɞɜ Űɟɧˊɞ ůɨɔəɚɘůɖɠ ɝŮəɘɜɞɨůŮ ˊŮɟɑˊɞɡ Ŭˊɧ Űɞ ˊɚɏɔɛŬ Űɤɜ 400000 əŮɚɘɩɜ 

əŬɘ ɛŮŰɎ. ȼ ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 51. 

 

 

ɆɢɐɛŬ 51: ȹɘŬɔɟɎɛɛŬŰŬ ɔɘŬ Űɖ ůɨɔəɟɘůɖ Űɖɠ ůɨɔəɚɘůɖɠ Űɤɜ Űɘɛɩɜ ůŰŬ ˊɚɏɔɛŬŰŬ ɛŮ Űɞ 
ɛŮɔŬɚɨŰŮɟɞ əŬɘ Űɞ ɛɘəɟɧŰŮɟɞ ɛɏɔŮɗɞɠ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŭɩŭŮəŬ ˊɚŮɔɛɎŰɤɜ, ŬɡŰɐ ŭŮ ɛŮŰŬɓɎɚɚŮŰŬɘ ɛŮ 

ůŰŬɗŮɟɧ ɟɡɗɛɧ, əŬŰɎ Űɖɜ ˊɨəɜɤůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ. Ⱥɜɩ Űɞ 

maxNonOrthogonality ɛŮɘɩɜŮŰŬɘ əŬɘ ˊŬɑɟɜŮɘ Űɘɛɏɠ Ŭˊɧ 69.9 ɛɏɢɟɘ əŬɘ 72.6, ŰŬ 
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maxSkewness (ɛŮ Ůɨɟɞɠ Űɘɛɩɜ Ŭˊɧ 2.5 ɛɏɢɟɘ 3.1) əŬɘ maxAspectRatio (ɛŮ 

Ůɨɟɞɠ Űɘɛɩɜ Ŭˊɧ 13.7 ɛɏɢɟɘ 32.8) ŬɡɝɎɜɞɡɜ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ, ŮˊɘůɖɛŬɑɜŮŰŬɘ 

ɧŰɘ, ˊŬɟɧɚɞ ˊɞɡ Űɞ əɟɘŰɐɟɘɞ Űɞɡ maxNonOrthogonality Űɞɡ OpenFOAM ŭŮɜ 

ɘəŬɜɞˊɞɘŮɑŰŬɘ ŬˊɞɚɨŰɤɠ (ɓɚ. ɆɢɐɛŬ 52), ŭŮɜ ŬˊɏɢŮɘ ůɖɛŬɜŰəɎ Ŭˊɧ Űɖɜ ɞɟɘŬəɐ 

Űɘɛɐ, Ŭűɞɨ ɞűɏɘɚŮŰŬɘ ůŮ ɚɑɔŬ ɛɧɜɞ nonOrthoFaces. ȰŰůɘ, ŭŮɜ ɡˊɎɟɢŮɘ əŬɛɑŬ 

ŮˊɑˊŰɤůɖ ůŰɖɜ Ůˊɑɚɡůɖ, ɧˊɤɠ ŬˊɞŭŮɘəɜɨŮŰŬɘ əŬɘ Ŭˊɧ ɧɚŬ ŰŬ ŰɟŮɝɑɛŬŰŬ əŬɘ Űɘɠ 

ůɡɔəɚɑůŮɘɠ Űɞɡɠ. ɆɡɜŮˊɩɠ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɜɞɜɘəɎ. 

 

ɆɢɐɛŬ 52: ɄŮɟɘɞɟɘůɛɞɑ ůŰŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůɜɧɠ ˊɚɏɔɛŬŰɞɠ ůɨɛűɤɜŬ ɛŮ Űɞ 
utility Űɞɡ OpenFOAM checkMesh. 

ȾŬɘ ɞɘ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ŮɑɜŬɘ ɚɞɔɘəɏɠ əŬɘ ŬɜŬɛŮɜɧɛŮɜŮɠ, Ŭűɞɨ 

ɛŮ Űɖɜ ˊɨəɜɤůɖ ɏɜŬ ˊɚɏɔɛŬ ɔɑɜŮŰŬɘ ˊŮɟɘˊɚɞəɧŰŮɟɞ əŬɘ ŭɡůəɞɚɧŰŮɟɞ ůŰɖɜ 

Ůˊɑɚɡůɖ. 

ɆɨɛűɤɜŬ, ɚɞɘˊɧɜ, ɛŮ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ, ɓɔŬɑɜŮɘ Űɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŰŬ 

ŬɟɘɗɛɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɗɑůŰŬɜŰŬɘ ŬɜŮɝɎɟŰɖŰŬ ɔɘŬ ˊɚɏɔɛŬŰŬ ˊɡəɜɧŰŮɟŬ Űɤɜ 

300000 əŮɚɘɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ŰŮɚɘəɧ ˊɚɏɔɛŬ, ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ 

Ůˊɑɚɡůɖ ɧɚɤɜ Űɤɜ ˊŬɟɞɢɩɜ Űɞɡ ɄɑɜŬəŬ 2, ŮɑɜŬɘ Űɞ ˊɚɏɔɛŬ 6 Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 8, 

ɛŮ ɛɏɔŮɗɞɠ 317256 əŮɚɘɩɜ. ȷɡŰɧ Űɞ ˊɚɏɔɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮəŰŮɜɏůŰŮɟŬ ůŰɖɜ 

Ŭəɧɚɞɡɗɖ ɡˊɞŮɜɧŰɖŰŬ. 

 

4.3. ɄŬɟɞɡůɑŬůɖ Űɞɡ ɇŮɚɘəɞɨ ɄɚɏɔɛŬŰɞɠ 

ȷűɞɨ ˊŮɟɘɔɟɎűɖəŮ ɧɚɖ ɖ ˊɞɟŮɑŬ ˊɟɞɠ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ŰŮɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ, əŬɘ 

ŰɞɜɑůŰɖəŬɜ ŰŬ ɔŮɤɛŮŰɟɘəɎ ůɖɛŮɑŬ ˊɟɞůɞɢɐɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ, əɟɑɜŮŰŬɘ 

ɢɟɐůɘɛɞ ɜŬ əŬŰŬɔɟŬűɞɨɜ ŬɜŬɚɡŰɘəɎ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ůŰɞɘɢŮɑŬ. ȷɡŰɐ ɖ 

ɡˊɞŮɜɧŰɖŰŬ ŮɛɓŬɗɨɜŮɘ ůŰɞ dictionary meshDict ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ 

əŬɘ ůŮ ɧɚŬ ŰŬ output data, ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŰŬ utilities ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ 

Ŭɝɘɞɚɧɔɖůɐɠ Űɞɡ: cartesianMesh əŬɘ checkMesh ŬɜŰɑůŰɞɘɢŬ. 
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4.3.1. Dictionary meshDict  

ɇɞ ŰŮɚɘəɧ dictionary meshDict, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ȺɟɔŬůɑŬ, űŬɑɜŮŰŬɘ 

ůŰŬ ɆɢɐɛŬŰŬ 53, 54, 55, 56 əŬɘ 57 əŬɘ ɧɚŮɠ ɞɘ ɚɏɝŮɘɠ əɚŮɘŭɘɎ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ŮˊŮɝɖɔɞɨɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 9. 

ȼ ŭɘŬɛɧɟűɤůɖ Űɞɡ meshDict ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɟɞůˊɎɗŮɘŬ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɤɜ 

ˊɟɞɓɚɖɛɎŰɤɜ Űɖɠ ɡˊɞŮɜɧŰɖŰŬɠ 4.1, ɩůŰŮ ɜŬ ˊɟɞəɨɣŮɘ ŰŮɚɘəɎ ɖ əŬɚɨŰŮɟɖ 

ŭɡɜŬŰɐ ˊɞɘɧŰɖŰŬ ˊɚɏɔɛŬŰɞɠ. ȼ ɛŮɔŬɚɨŰŮɟɖ ŭɡůəɞɚɑŬ ˊɞɡ ɡˊɐɟɝŮ ŬűɞɟɞɨůŮ 

ůŰɞ maxNonOrthogonality. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŭɞəɘɛɏɠ ŮɑɢŮ ˊɞɚɨ ɛŮɔɎɚŮɠ 

Űɘɛɏɠ, Űɧůɞ ˊɞɡ ŰŬ ˊɚɏɔɛŬŰŬ ŭŮ ɛˊɞɟɞɨůŬɜ ɜŬ ɔɑɜɞɡɜ ŬˊɞŭŮəŰɎ. ũɘŬ Űɖɜ 

ŮɝɎɚŮɘɣɖ ŬɡŰɞɨ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ Űɖ ɛŮɑɤůɖ Űɤɜ nonOrthoFaces, ˊɏɟŬ Ŭˊɧ 

Űɖɜ ŮɜŰɞɚɐ keepCellsIntersectingBoundary, ˊɞɡ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɖɜ 

ɡˊɞŮɜɧŰɖŰŬ 4.1, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ůˊɑůɖɠ: 

¶ Ůˊɘˊɚɏɞɜ Űɞˊɘəɏɠ ɡ́əɜɩůŮɘɠ (localRefinement) ůŰŬ patches outlet əŬɘ 

blade_Top, ɔɘŬ Űɞ ˊɟɧɓɚɖɛŬ Űɞɡ əŮɜɞɨ Űɞɡ ɆɢɐɛŬŰɞɠ 48, 

¶ Ůˊɘˊɚɏɞɜ Űɞˊɘəɏɠ ˊɡəɜɩůŮɘɠ (localRefinement) ůŰŬ patches 

shroud_ProblemArea əŬɘ hub_ProblemArea, ɔɘŬ Űɞ ˊɟɧɓɚɖɛŬ Űɤɜ 

edges Űɤɜ ɆɢɖɛɎŰɤɜ 49 əŬɘ 50 əŬɘ 

¶ Ůˊɘˊɚɏɞɜ Űɞˊɘəɏɠ ˊɡəɜɩůŮɘɠ (localRefinement) ůŰŬ patches 

cyclic_Top1 əŬɘ cyclic_Top2 əŬɘ ˊɟɞůɗɐəɖ ůűŬɘɟɩɜ ˊɨəɜɤůɖɠ 

ɛɏůɤ Űɞɡ objectRefinements, ɔɘŬ ɛŮɛɞɜɤɛɏɜŬ ůɖɛŮɑŬ Ŭɚɚɞɑɤůɖɠ Űɖɠ 

ɔŮɤɛŮŰɟɑŬɠ, ɧˊɤɠ ŬɡŰɎ Űɞɡ ɆɢɐɛŬŰɞɠ 50.  

ȼ ɚɞɔɘəɐ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

1. ɇɏɗɖəŮ Űɞ ɛɏɔɘůŰɞ ŮˊɘŰɟŮˊŰɧ ɛɏɔŮɗɞɠ ɔɘŬ ɧɚŬ ŰŬ əŮɚɘɎ, ˊɞɡ ɗŬ ˊŬɟŬɢɗɞɨɜ 

ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ɏəŰŬůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ (maxCellSize ï ɆɢɐɛŬ 53). 

2. ɃɟɑůŰɖəŮ Űɞ ɛɏɔŮɗɞɠ ɛɧɜɞ ɔɘŬ ŰŬ ɞɟɘŬəɎ (boundary) faces Űɤɜ əŮɚɘɩɜ 

(localRefinement ï ɆɢɐɛŬ 53), ŭɖɚŬŭɐ ŰŬ faces Űɤɜ əŮɚɘɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ŮˊɎɜɤ ůŰŬ ɞɟɘŬəɎ patches Űɖɠ ɔŮɤɛŮŰɟɑŬɠ (inlet, outlet, blade_MainBody, 

əɚˊ.). 

3. ȹɧɗɖəŮ ŮɜŰɞɚɐ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ɞɛɞɘɧɛɞɟűɞɡ ɞɟɘŬəɞɨ ůŰɟɩɛŬŰɞɠ ůŮ ɧɚŬ 

ŰŬ patches Űɞɡ ˊŮŭɑɞɡ Űɖɠ ɟɞɐɠ ɛŮ Űɨˊɞ wall (boundaryLayers ï ɆɢɐɛŬ 

54). ɀɎɚɘůŰŬ, Ŭűɞɨ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ wallFunctions (ɓɚ. ȺɜɧŰɖŰŬ 3), ɞ 

Ŭɟɘɗɛɧɠ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ ŭŮ ɢɟŮɘŬɕɧŰŬɜ ɜŬ ɝŮˊŮɟɜɎ ŰŬ 7.  

4. ȹɖɛɘɞɡɟɔɐɗɖəŮ ɛɘəɟɐ ůűŬɑɟŬ ˊɨəɜɤůɖɠ ůŮ ůɡɔəŮəɟɘɛɏɜɖ, ˊɚŮɔɛŬŰɘəɎ 

ˊɟɞɓɚɖɛŬŰɘəɐ ˊŮɟɘɞɢɐ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ (objectRefinements ï ɆɢɐɛŬ 56), 

ɔɘŬ Űɖ ɛŮɑɤůɖ Űɤɜ nonOrthoFaces əŬɘ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ 

ˊɚɏɔɛŬŰɞɠ. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ Űɖɠ ůűŬɑɟŬɠ ɓɟɏɗɖəŬɜ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Űɞɡ SALOME, ɧˊɤɠ ŮɝɖɔŮɑŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ ũ. 

  



92  

 

ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

 

  

ɆɢɐɛŬ 53: Subdictionary localRefinement ůŰɞ dictionary Űɞɡ meshDict. 
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5. ɆɡɛˊɘɏůŰɖəŬɜ ɛŮŰŬɝɨ Űɞɡɠ ŰŬ əŮɚɘɎ, ɧˊɞɡ ɢɟŮɘɎůŰɖəŮ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ 

ŭɡɜŬŰɐ ůɨɚɚɖɣɖ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ (keepCellsIntersectingBoundary əŬɘ 

removeCellsIntersectingPatches ï ɆɢɐɛŬ 55). 

6. ȾŬɘ Űɏɚɞɠ, ˊŮɟɘəɚŮɑůŰɖəŮ ɞɚɧəɚɖɟɖ ɖ ɔŮɤɛŮŰɟɑŬ, əŬɘ ůɡɜŮˊɩɠ ɞɚɧəɚɖɟɞ 

Űɞ ˊɚɏɔɛŬ, ůŮ ɏɜŬ əɞɡŰɑ (anisotropicSources ï ɆɢɐɛŬ 57), Űɞ ɞˊɞɑɞ 

ŬɡɝɎɜŮɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əŮɚɘɩɜ Ŭˊɧ ŰŬ ɞɟɘŬəɎ patches ˊɟɞɠ Űɞ əɏɜŰɟɞ 

Űɖɠ ɔŮɤɛŮŰɟɑŬɠ, ɔɘŬ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ɛŮɑɤůɖ Űɞɡ ůɡɜɞɚɘəɞɨ 

Ŭɟɘɗɛɞɨ Űɤɜ əŮɚɘɩɜ Űɞɡ ˊɚɏɔɛŬŰɞɠ. ɇŬ əŮɚɘɎ ɛŮɔŬɚɩɜɞɡɜ Ŭˊɧ Űɞ 

cellSize ˊɞɡ Űɞɡɠ ŭɑɜŮŰŬɘ ůŰɞ localRefinement ˊɟɞɠ Űɖ ŭɘɎůŰŬůɖ Űɞɡ 

maxCellSize, ɢɤɟɑɠ ŬɜŬɔəŬůŰɘəɎ ɜŬ Űɖ űŰɎůɞɡɜ. 

 

 

ɆɢɐɛŬ 54: Subdictionary 

boundaryLayers ůŰɞ dictionary Űɞɡ 

meshDict. 

ɆɢɐɛŬ 55: Subdictionary 

removeCellsIntersectingPatches əŬɘ ɚɏɝɖ 

əɚŮɘŭɑ keepCellsIntersectingBoundary ůŰɞ 

dictionary Űɞɡ meshDict. 
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ɄɑɜŬəŬɠ 9: ȺˊŮɝɐɔɖůɖ ŮɜŰɞɚɩɜ Űɤɜ subdictionaries Űɞɡ meshDict. 

ȿɏɝɖ ȾɚŮɘŭɑ ɄŮɟɘɔɟŬűɐ 

localRefinement 

ɄɡəɜɩɜŮɘ Űɞ ˊɚɏɔɛŬ ŰɞˊɘəɎ, ɞɟɑɕɞɜŰŬɠ Űɞ 
ɛɏɔŮɗɞɠ Űɤɜ əŮɚɘɩɜ, ˊɞɡ ɓɟɑůəɞɜŰŬɘ ŮˊɎɜɤ 

ůŰɘɠ ɞɟɘŬəɏɠ ŮˊɘűɎɜŮɘŮɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ. ɀŮ Űɖ 
ɚɏɝɖ refinementThickness əŬɗɞɟɑɕŮŰŬɘ ɖ 
ŬˊɧůŰŬůɖ Ŭˊɧ Űɖɜ ɞɟɘŬəɐ ŮˊɘűɎɜŮɘŬ, ɛɏɢɟɘ 
Űɖɜ ɞˊɞɑŬ Űɞ localRefinement ŮˊɖɟŮɎɕŮɘ ŰŬ 

əŮɚɘɎ. 

boundaryLayers 

ɆŰɖɟɑɕŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůŰɞ cellSize, ˊɞɡ 
ɞɟɑɕŮŰŬɘ ɔɘŬ ŰŬ boundary faces, əŬɘ ɔŮɜɜɎ Űɞ 

ɕɖŰɞɨɛŮɜɞ ɞɟɘŬəɧ ůŰɟɩɛŬ. Ƀɘ ɚɏɝŮɘɠ əɚŮɘŭɘɎ 
ˊɞɡ ŰɑɗŮɜŰŬɘ əŬŰŮɡɗŮɑŬɜ ůŰɞ subdictionary Űɞɡ 
boundaryLayers ŮɑɜŬɘ əŬɗɞɚɘəɏɠ əŬɘ ɘůɢɨɞɡɜ 
ɔɘŬ ɧɚŬ ŰŬ patches Űɖɠ ɔŮɤɛŮŰɟɑŬɠ. ȺˊŮɘŭɐ, 
ɧɛɤɠ, Ůŭɩ ɞɟɘŬəɧ ůŰɟɩɛŬ ɢɟŮɘɎɕŮŰŬɘ ɛɧɜɞ 
ůŰŬ patches Űɨˊɞɡ wall, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ 

subdictionary patchBoundaryLayers. ȷɡŰɧ 
űŰɘɎɢɜŮɘ ůɡɔəŮəɟɘɛɏɜɞ ɞɟɘŬəɧ ůŰɟɩɛŬ ůŮ əɎɗŮ 

patch ˊɞɡ ɕɖŰŮɑŰŬɘ ɝŮɢɤɟɘůŰɎ.  

objectRefinements 

ȺɑɜŬɘ ŬəɧɛŬ ɛɑŬ ɟɨɗɛɘůɖ ˊɨəɜɤůɖɠ, ɖ ɞˊɞɑŬ 
ɧɛɤɠ ɞɟɑɕŮɘ ɕɩɜŮɠ ˊɨəɜɤůɖɠ ɛɏůŬ ůŮ ɧɔəɞɡɠ. 
ɉɟɖůɘɛɞˊɞɘŮɑ ůɢɐɛŬŰŬ, ɧˊɤɠ ɔɟŬɛɛɏɠ, 
ůűŬɑɟŮɠ, əɞɡŰɘɎ, əɩɜɞɡɠ (əŬɘ ŭɘɎűɞɟŮɠ 

ˊŬɟŬɚɚŬɔɏɠ əɩɜɞɡ), ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ 
ˊɡəɜɩůŮɘɠ əŬɘ ŭɘŬɛɞɟűɩůŮɘɠ ˊɚɏɔɛŬŰɞɠ, ŰŬ 
ɞˊɞɑŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ůɖɛŮɑŬ ɛɏůŬ ɐ ɔɨɟɤ 
Ŭˊɧ Űɞɜ ɧɔəɞ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ (ɗɏŰɞɜŰŬɠ Űɘɠ 
ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ əɏɜŰɟɞɡ əŬɘ Űɘɠ ŭɘŬůŰɎůŮɘɠ 
Űɤɜ ůɢɖɛɎŰɤɜ) əŬɘ ůɡɜŰŮɚɞɨɜ ůŰɖ ůɡɜɞɚɘəɐ 

ɛɞɟűɞˊɞɑɖůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ..  

keepCellsIntersectingBoundary 

ȺˊɖɟŮɎɕŮɘ əŬɗɞɚɘəɎ Űɞ ˊɚɏɔɛŬ əŬɘ, ɧŰŬɜ 
ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ (ŭɖɚŬŭɐ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ 1), 
ŮɝŬůűŬɚɑɕŮɘ Űɖ ŭɘŬŰɐɟɖůɖ ɨˊŬɟɝɖɠ əŮɚɘɩɜ ůŰɞ 
ˊɚɏɔɛŬ (ɛɏůɤ Űɖɠ ůɡɛˊɑŮůɐɠ Űɞɡɠ), ŰŬ ɞˊɞɑŬ 
ŭɘŬůŰŬɡɟɩɜɞɜŰŬɘ ɛŮ ŰŬ ɧɟɘŬ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ 
əŬɘ, Ŭˊɧ ˊɟɞŮˊɘɚɞɔɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, ɗŬ 

ŭɘŬɔɟŬűɧɜŰɞɡůŬɜ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ 

ɆɢɐɛŬ 56: Subdictionary 

objectRefinements ůŰɞ dictionary Űɞɡ 

meshDict. 

ɆɢɐɛŬ 57: Subdictionary 

anisotropicSources ůŰɞ dictionary Űɞɡ 

meshDict. 
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ŭɨůəɞɚŮɠ ɔŮɤɛŮŰɟɑŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɜŭɏɢŮŰŬɘ ɜŬ 
Ŭɚɚɞɘɤɗɞɨɜ əŬɘ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ əŮɜɎ, ɚɧɔɤ 

ɛŮɔŬɚɨŰŮɟɞɡ ɛŮɔɏɗɞɡɠ əŮɚɘɞɨ. ȺɑɜŬɘ 
ɡˊɞɢɟŮɤŰɘəɧ ɜŬ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ůɤůŰɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŮɜŰɞɚɐɠ 
removeCellsIntersectingPatches. 

removeCellsIntersectingPatches 

ȷˊɞűŬɑɕŮɘ ɔɘŬ Űɖ ŭɘŬɔɟŬűɐ ɐ ɛɖ Űɤɜ əŮɚɘɩɜ 
ˊɞɡ ŭɘŬůŰŬɡɟɩɜɞɜŰŬɘ ɛŮ ŰŬ ɧɟɘŬ Űɖɠ 
ɔŮɤɛŮŰɟɑŬɠ, ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ɞɟɑɕŮɘ ɞ 

ɢɟɐůŰɖɠ.  

anisotropicSources 

ȺɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɚɏɔɛŬŰɞɠ 
ɛŮ ŬɜɘůɧŰɟɞˊŬ əŮɚɘɎ. ȼ ˊŮɟɘɞɢɐ Űɤɜ 

ŬɜɘůɧŰɟɞˊɤɜ əŮɚɘɩɜ ɞɟɑɕŮŰŬɘ ŮɑŰŮ ɛŮ Űɖ ɢɟɐůɖ 
əɞɡŰɘɞɨ, ŮɑŰŮ ɛŮ Űɖ ɢɟɐůɖ Ŭˊɚɞɨ ˊɚŬɘůɑɞɡ. 
ȸɞɖɗɎŮɘ ůŰɖ ɔɏɜŮůɖ ˊɞɘɞŰɘəɩɜ ˊɚŮɔɛɎŰɤɜ, ɛŮ 

Űɞ ɛɘəɟɧŰŮɟɞ ŭɡɜŬŰɧ ɛɏɔŮɗɞɠ. 

 

ȳɚŮɠ ɞɘ Űɘɛɏɠ ůŰɞ meshDict ŭɧɗɖəŬɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ əŬɚɨŰŮɟɖɠ ŭɡɜŬŰɐɠ 

ˊɞɘɧŰɖŰŬɠ ˊɚɏɔɛŬŰɞɠ. 

ɇɏɚɞɠ, ůɖɛŮɘɩɜŮŰŬɘ ɧŰɘ əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ŮɜŰɞɚɏɠ Űɞɡ meshDict ŬˊŬɘŰɞɨůŬɜ əŬɘ 

Űɖɜ ˊŬɟɞɡůɑŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ stl ŬɟɢŮɑɤɜ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ (ɓɚ. ɄŬɟɎɟŰɖɛŬ ũ), 

ˊɏɟŬ Ŭˊɧ Űɞ ɓŬůɘəɧ ŬɟɢŮɑɞ fms Űɖɠ ɔŮɤɛŮŰɟɑŬɠ. 

 

4.3.2. ȷˊɞŰŮɚɏůɛŬŰŬ ɄɚŮɔɛŬŰɞˊɞɑɖůɖɠ 

ȼ ŮɜŰɞɚɐ ɔɏɜŮůɖɠ Űɞɡ ˊɚɏɔɛŬŰɞɠ ŮɑɜŬɘ cartesianMesh əŬɘ ŭɑɜŮŰŬɘ ŬˊŮɡɗŮɑŬɠ 

ůŰɞ ŰŮɟɛŬŰɘəɧ, ˊɞɡ ŬɜɞɑɔŮɘ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɞ ˊŬɟɎɗɡɟɞ Űɞɡ case. ɄŬɟɎɔŮŰŬɘ 

ɞ əŬŰɎɚɞɔɞɠ Űɞɡ polyMesh əŬɘ ɞ ɢɟɐůŰɖɠ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ 

ɄŬɟŬɟŰɐɛŬŰɞɠ ȹ, ɛˊɞɟŮɑ ɜŬ ɞˊŰɘəɞˊɞɘɐůŮɘ Űɞ ˊɚɏɔɛŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ 

ParaView. ɆŰŬ ɆɢɐɛŬŰŬ 58 ɛɏɢɟɘ 69 űŬɑɜɞɜŰŬɘ ɧɚŬ ŰŬ ůɖɛŮɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɘŬ 

Űɞ ŰŮɚɘəɧ ˊɚɏɔɛŬ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ.   

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰŬ ɆɢɐɛŬŰŬ 58, 59, 60 əŬɘ 61 űŬɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɖɠ ŮɜŰɞɚɐɠ localRefinement (ɡˊɞŮɜɧŰɖŰŬ 4.3.1) əŬɘ ɖ ˊɚŮɔɛŬŰɞˊɞɑɖůɖ ůŰɘɠ 

ɞɟɘŬəɏɠ ŮˊɘűɎɜŮɘŮɠ Űɞɡ ɢɤɟɑɞɡ Űɖɠ ɟɞɐɠ ůŰɘɠ ŰɏůůŮɟɘɠ ɧɣŮɘɠ shroud, hub, 

cyclic1 əŬɘ cyclic2. Ⱥŭɩ, ŮɡŭɘɎəɟɘŰŮɠ ŮɑɜŬɘ əŬɘ ɞɘ Űɞˊɘəɏɠ ˊɡəɜɩůŮɘɠ ůŰɘɠ 

ˊŮɟɘɞɢɏɠ Űɤɜ outlet, blŬde_Top, shroud_ProblemArea əŬɘ hub_ProblemArea, 

ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ŮˊŮɝɖɔɐɗɖəŬɜ ůŰɖɜ ɡˊɞŮɜɧŰɖŰŬ 

4.1. 

ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ ˊŬɟŬŰɐɟɖůɖ Űɞɡ ˊɚɏɔɛŬŰɞɠ ˊɞɡ ɔŮɜɜɎŰŬɘ, 

ˊŬɟŬŰɑɗŮɜŰŬɘ Ůˊɘˊɚɏɞɜ ŭɨɞ Űɞɛɏɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ: ɛɑŬ əŬŰɎ Űɞɡɠ ɎɝɞɜŮɠ x-y 

(ɆɢɐɛŬ 62) əŬɘ ɛɑŬ əŬŰɎ Űɞɡɠ ɎɝɞɜŮɠ y-z (ɆɢɐɛŬ 63). ȷɡŰɏɠ ɔɑɜɞɜŰŬɘ ɏɜŬɡůɛŬ ɔɘŬ 

ˊŮɟŬɘŰɏɟɤ ůɢɞɚɘŬůɛɧ Űɞɡ ˊɚɏɔɛŬŰɞɠ, ɞ ɞˊɞɑɞɠ ŬəɞɚɞɡɗŮɑ ůŰɘɠ ŮˊɧɛŮɜŮɠ 

ůŮɚɑŭŮɠ əŬɘ ŬűɞɟɎ ůŰŬ ɆɢɐɛŬŰŬ 62, 63, 66 əŬɘ 67. ɇŬ ɆɢɐɛŬŰŬ 67 əŬɘ 66 
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ŭɘŮɡəɟɘɜɑɕŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ŬˊɚɎ ɛŮɔŮɜɗɨůŮɘɠ Űɤɜ ɆɢɖɛɎŰɤɜ 62 əŬɘ 63 ŬɜŰɑůŰɞɘɢŬ, 

ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ŮɡəɟɑɜŮɘŬ.    

 

 

  

ɆɢɐɛŬ 58: ɃˊŰɘəɞˊɞɑɖůɖ Űɞɡ ŰŮɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ ɔɘŬ Űɖɜ ɧɣɖ shroud. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

  

ɆɢɐɛŬ 59: ɃˊŰɘəɞˊɞɑɖůɖ Űɞɡ ŰŮɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ ɔɘŬ Űɖɜ ɧɣɖ hub. 



98  

 

ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

  

ɆɢɐɛŬ 60: ɃˊŰɘəɞˊɞɑɖůɖ Űɞɡ ŰŮɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ ɔɘŬ Űɖɜ ɧɣɖ cyclic1. 
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ɆɢɐɛŬ 61: ɃˊŰɘəɞˊɞɑɖůɖ Űɞɡ ŰŮɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ ɔɘŬ Űɖɜ ɧɣɖ cyclic2. 
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ɆɢɐɛŬ 62: ɃˊŰɘəɞˊɞɑɖůɖ Űɞɡ ŰŮɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ ůŮ Űɞɛɐ Űɖɠ ˊŰŮɟɤŰɐɠ ůŰɞ 

ŮˊɑˊŮŭɞ x-y əŬɘ ŮɛűɎɜɘůɖ ɛŮɟɘəɩɜ ˊɞɚɨŮŭɟɤɜ əŮɚɘɩɜ, ŬɜɎɛŮůŬ ůŰŬ 

ɡˊɧɚɞɘˊŬ ŮɝɎŮŭɟŬ, ůŮ ɛŮŰŬɓŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ, Ŭˊɧ Űɞ cartesianMesh. 
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ɆɢɐɛŬ 63: ɃˊŰɘəɞˊɞɑɖůɖ Űɞɡ ŰŮɚɘəɞɨ 

ˊɚɏɔɛŬŰɞɠ ůŮ Űɞɛɐ Űɖɠ ˊŰŮɟɤŰɐɠ ůŰɞ 

ŮˊɑˊŮŭɞ y-z əŬɘ ŮɛűɎɜɘůɖ ɛŮɟɘəɩɜ 

ˊɞɚɨŮŭɟɤɜ əŮɚɘɩɜ, ŬɜɎɛŮůŬ ůŰŬ 

ɡˊɧɚɞɘˊŬ ŮɝɎŮŭɟŬ, ůŮ ɛŮŰŬɓŬŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ, Ŭˊɧ Űɞ cartesianMesh. 

ȳˊɤɠ ɏɢŮɘ ůɖɛŮɘɤɗŮɑ əŬɘ ůŰɖɜ 

ȺɜɧŰɖŰŬ 2, Űɞ utility 

cartesianMesh ŭɑɜŮɘ ŮɜŰɞɚɐ ɔɘŬ 

ŭɖɛɘɞɡɟɔɑŬ ˊɚŮɔɛɎŰɤɜ əɡɟɑɤɠ 

ŮɝɎŮŭɟɤɜ əŮɚɘɩɜ. 

ɆɡɛˊɚɖɟɤɛŬŰɘəɎ, ɧɛɤɠ, ůŰɘɠ 

ɛŮŰŬɓŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮŰŬɝɨ 

Űɤɜ əŮɚɘɩɜ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ 

ŭɘŬůŰɎůŮɘɠ, ˊɟɞůŰɑɗŮɜŰŬɘ ŬəɧɛŬ 

ɛŮɟɘəɎ ˊɞɚɨŮŭɟŬ əŮɚɘɎ. ɇɏŰɞɘŮɠ 

ˊŮɟɘɞɢɏɠ, ɛŮ Űɖɜ ˊɟɞůɗɐəɖ 

ˊɞɚɨŮŭɟɤɜ əŮɚɘɩɜ, űŬɑɜɞɜŰŬɘ 

ůŰŬ ɆɢɐɛŬŰŬ 62, 63, 66 əŬɘ 67. 

Ƀɘ ˊŮɟɘɞɢɏɠ ŬɡŰɏɠ ŮɑɜŬɘ 

ɛŮŰŬɓŬŰɘəɏɠ, ůŮ ɧŰɘ ŬűɞɟɎ Űɞ 

ɛɏɔŮɗɞɠ Űɤɜ əŮɚɘɩɜ, Ŭűɞɨ ɏɢŮɘ 

ŭɞɗŮɑ Űɞ subdictionary 

anisotropicSources. ȷɡŰɧ ŭɑɜŮɘ 

Űɖɜ ɞŭɖɔɑŬ, ŰŬ əŮɚɘɎ ɜŬ 

ŬɡɝɎɜɞɡɜ Űɞ ɛɏɔŮɗɞɠ Űɞɡɠ Ŭˊɧ 

Űɞ boundary ˊɟɞɠ Űɞ əɏɜŰɟɞ, 

ůŰɖ ŭɘŮɨɗɡɜůɖ z, ɛŮ ɏɜŬ 

ůŰŬɗŮɟɧ ɟɡɗɛɧ. ɆŰɧɢɞɠ ŮɑɜŬɘ ɖ 

ɛŮɑɤůɖ Űɞɡ ůɡɜɞɚɘəɞɨ ɛŮɔɏɗɞɡɠ 

Űɞɡ ˊɚɏɔɛŬŰɞɠ əŬɘ ɖ ɓŮɚŰɑɤůɖ 

Űɖɠ ˊɞɘɧŰɖŰɎɠ Űɞɡ. 
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ɆɢɐɛŬ 64: ɆűŬɑɟŬ Űɞˊɘəɐɠ ˊɨəɜɤůɖɠ ůŮ ɧɔəɞ Ŭˊɧ objectRefinements. 

ɆɢɐɛŬ 65: ɃɟɘŬəɧ ůŰɟɩɛŬ Ŭˊɧ Űɞ shroud əŬɘ Űɞ 

hub, ŮˊɎɜɤ ůŰɞ patch Űɞɡ outlet. 



 103 
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ɆɢɐɛŬ 66: ɃɟɘŬəɧ ůŰɟɩɛŬ Ŭˊɧ Űɞ shroud, Űɞ hub əŬɘ Űɞ cyclic1 ůŰɖɜ Űɞɛɐ Űɖɠ 

ˊŰŮɟɤŰɐɠ ůŰɞ ŮˊɑˊŮŭɞ y-z. 

 

ɆɢɐɛŬ 67: ɃɟɘŬəɧ ůŰɟɩɛŬ Ŭˊɧ Űɞ blade, ŰŬ cyclics əŬɘ Űɞ hub ůŰɖɜ Űɞɛɐ Űɖɠ 

ˊŰŮɟɤŰɐɠ ůŰɞ ŮˊɑˊŮŭɞ x-y. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

ɆɢɐɛŬ 68: ɃɟɘŬəɧ ůŰɟɩɛŬ Ŭˊɧ Űɞ bladeTop ůŰɖɜ Űɞɛɐ Űɖɠ ˊŰŮɟɤŰɐɠ ůŰɞ ŮˊɑˊŮŭɞ x-y. 

 

ɆɢɐɛŬ 69: ɃɟɘŬəɧ ůŰɟɩɛŬ Ŭˊɧ Űɞ shroud, ŰŬ cyclics əŬɘ Űɞ hub, ŮˊɎɜɤ ůŰɞ patch Űɞɡ 
inlet. 

ɆŰɞ ɆɢɐɛŬ 64 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɜŰɞɚɐɠ objectRefinements 

əŬɘ Űɖɠ Űɞˊɘəɐɠ ˊɨəɜɤůɖɠ, ɛɏůɤ ůűŬɑɟŬɠ, ůŮ ůɖɛŮɑɞ ɛŮ ɏɜŰɞɜɖ ɔɤɜɑŬ. ȳˊɤɠ 

ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ, ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Űɖɠ ůűŬɑɟŬɠ ŬɡŰɐɠ, ɓŮɚŰɘɩɜŮŰŬɘ ɖ 

ˊɞɘɧŰɖŰŬ Űɞɡ ˊɚɏɔɛŬŰɞɠ əŬɘ ŬˊɞŰɟɏˊŮŰŬɘ ɖ Ŭɚɚɞɑɤůɖ ůŰɖ ɔŮɤɛŮŰɟɑŬ, Űɖɠ 

ɛɞɟűɐɠ Űɞɡ ɆɢɐɛŬŰɞɠ 50 əŬɘ Űɖɠ ɡˊɞůɖɛŮɑɤůɖɠ 1.  

ɇŬ ɆɢɐɛŬŰŬ 65, 66, 67, 68 əŬɘ 69 ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ, ɩůŰŮ ɜŬ ŭŮɑɝɞɡɜ əɡɟɑɤɠ 

Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɞɟɘŬəɞɨ ůŰɟɩɛŬŰɞɠ əŬŰɎ Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ subdictionary 

boundaryLayers (ɡˊɞŮɜɧŰɖŰŬ 4.3.1). 
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ȷˊɧ ŰŬ ɆɢɐɛŬŰŬ 62, 63, 66, 67 əŬɘ 69, űŬɑɜŮŰŬɘ, ɧɛɤɠ, ɧŰɘ ɔŮɜɜɎŰŬɘ ɞɟɘŬəɧ 

ůŰɟɩɛŬ əŬɘ Ŭˊɧ Űɘɠ ŮˊɘűɎɜŮɘŮɠ Űɤɜ cyclics, ˊŬɟɎ Űɘɠ ɟɡɗɛɑůŮɘɠ Űɞɡ meshDict əŬɘ 

Űɞɡ sudictionary patchBoundaryLayers. ũɘŬ Űɞ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɧ, ŮɡɗɨɜŮŰŬɘ ɖ 

ŮɜŰɞɚɐ boundaryLayers. ȷɡŰɐ ɏɢŮɘ Űɖɜ ŰɎůɖ ɜŬ ŭɘŮɡɟɨɜŮɘ Űɞ ɞɟɘŬəɧ ůŰɟɩɛŬ Ŭˊɧ 

ɛɑŬ ŮˊɘűɎɜŮɘŬ, ɧˊɞɡ ɞɟɑɕŮŰŬɘ, ůŮ ɛɑŬ ɔŮɘŰɞɜɘəɐ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ, ŬɜɎɛŮůŬ 

ůŮ ŬɡŰɏɠ Űɘɠ ɔŮɘŰɞɜɘəɏɠ ŮˊɘűɎɜŮɘŮɠ, ˊŬɟŮɛɓɎɚɚŮŰŬɘ əɞɑɚɖ Ɏəɟɖ (concave edge) ɐ 

ɔɤɜɑŬ ɛŮ valence ˊɎɜɤ Ŭˊɧ ŰɟɑŬ. ɇɞ ůŰɞɘɢŮɑɞ ŬɡŰɧ, Ůɜɩ ŬɡɝɎɜŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

əŮɚɘɩɜ, ɞɛŬɚɞˊɞɘŮɑ Űɞ ˊɚɏɔɛŬ əŬɘ ŰŮɚɘəɎ ɓɞɖɗɎŮɘ ůŰɖɜ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ 

ˊɞɘɧŰɖŰɎ Űɞɡ. 

ɇɏɚɞɠ ŮəŰŮɚŮɑŰŬɘ Űɞ utility Űɞɡ checkMesh əŬɘ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ɧɚŬ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɞ ˊɚɏɔɛŬ əŬɘ Űɖɜ ˊɞɘɧŰɖŰɎ Űɞɡ. ȷɡŰɏɠ ɞɘ 

ˊɚɖɟɞűɞɟɑŮɠ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 10. 

ɄɑɜŬəŬɠ 10: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰŮɚɘəɞɨ ˊɚɏɔɛŬŰɞɠ. 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ɄɚɏɔɛŬŰɞɠ ɇɘɛɏɠ 

ȷɟɘɗɛɧɠ ɆɖɛŮɑɤɜ (points) 333058 

ȷɟɘɗɛɧɠ Ʉɟɞůɩˊɤɜ (faces) 967871 

ȷɟɘɗɛɧɠ ȾŮɚɘɩɜ (cells) 317256 

maxAspectRatio 29.9764 

maxNonOrthogonality 70.3919 (ŮɝŬɘŰɑŬɠ 2 nonOrthoFaces) 
maxSkewness 2.84234 
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5. ɇŮɚɘəɎ ȷˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ʉɟɞůɞɛɞɑɤůɖɠ Űɞɡ 

OpenFOAM ɔɘŬ Űɖɜ ɄŰŮɟɤŰɐ Űɖɠ ūɡɔɞəŮɜŰɟɘəɐɠ 

ȷɜŰɚɑŬɠ 

ȷəɞɚɞɡɗɩɜŰŬɠ ŰŬ ɓɐɛŬŰŬ, ˊɞɡ ŮˊŮɝɖɔɐɗɖəŬɜ ůŰɘɠ ȺɜɧŰɖŰŮɠ 3 əŬɘ 4, ŰŬ 

ŬɜŬɔəŬɑŬ ɔɘŬ Űɖɜ ȺɟɔŬůɑŬ cases ŮɑɜŬɘ ɏŰɞɘɛŬ ˊɟɞɠ Ůˊɑɚɡůɖ. Ƀɘ ŮɜŰɞɚɏɠ ɔɘŬ Űɖɜ 

ŮəŰɏɚŮůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ŭɘŮɟɔŬůɘɩɜ ŭɑɜɞɜŰŬɘ ůŰɞ ŰŮɟɛŬŰɘəɧ əŬɘ ŮɑɜŬɘ ŬɡŰɏɠ 

ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 70. 

 

 

ɇɞɜɑɕŮŰŬɘ ɧŰɘ Űɞ ŰŮɟɛŬŰɘəɧ ˊɟɏˊŮɘ ɜŬ ŬɜɞɑɔŮŰŬɘ ůŰɞɜ əŬŰɎɚɞɔɞ Űɞɡ case. ȼ ůŮɘɟɎ 

Űɤɜ ŮɜŰɞɚɩɜ ŭŮɜ ŮɑɜŬɘ ŰɡɢŬɑŬ əŬɘ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗŮɑŰŬɘ ŬɡůŰɖɟɎ. ɇɞ utility Űɞɡ 

OpenFOAM renumberMesh ɓɞɖɗɎ, ɩůŰŮ ɜŬ ŮˊɘŰŬɢɨɜŮŰŬɘ ɖ ɡˊɞɚɞɔɘůŰɘəɐ 

Ůˊɑɚɡůɖ ůŰɞ ˊŬɟŬɔɧɛŮɜɞ ˊɚɏɔɛŬ. ɀŮ Űɞ ůɨɛɓɞɚɞ ç>è ŭɑɜŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ ɖ 

ɞŭɖɔɑŬ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ŬɟɢŮɑɞ 

(log.cartesianMesh, log.checkMesh, əɚˊ.), ŬɜŰɑ Űɖɠ ŮɛűɎɜɘůɐɠ Űɞɡɠ ůŰɞ 

ˊŬɟɎɗɡɟɞ Űɞɡ ŰŮɟɛŬŰɘəɞɨ. ȳˊɤɠ ɏɢŮɘ ɐŭɖ ŮɘˊɤɗŮɑ, ɛŮŰɎ Űɖɜ ŮɜŰɞɚɐ 

cartesianMesh əŬɘ ˊɟɘɜ Űɖɜ ŮɜŰɞɚɐ renumberMesh, ɞ ɢɟɐůŰɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ 

ɜŬ ˊɟɞůŬɟɛɧůŮɘ əŬŰɎɚɚɖɚŬ Űɞ dictionary boundary, ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ɡˊɞŮɜɧŰɖŰŬ 3.2. 

ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɤɜ ŰɟŮɝɘɛɎŰɤɜ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŬɟɞɢɏɠ Űɞɡ ɄɑɜŬəŬ 2, ˊɟɞəɨˊŰɞɡɜ 

ŮɜŭɘŬűɏɟɞɜŰŬ Ŭ́ ɞŰŮɚɏůɛŬŰŬ, ŰŬ ɞˊɞɑŬ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ 

ȺɜɧŰɖŰŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ȺɜɧŰɖŰŬ 5 ˊŮɟɘɚŬɛɓɎɜŮɘ: 

¶ ɛɑŬ ŬɜŬɚɡŰɘəɐ əŬŰŬɔɟŬűɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɔɘŬ ˊŬɟɞɢɐ ŮəŮɑɜɖ Űɞɡ 

əŬɜɞɜɘəɞɨ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɜŰɚɑŬɠ, 

¶ Űɖ ůɨɔəɟɘůɐ Űɞɡɠ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɔɘŬ Űɘɠ 

ɛɘəɟɧŰŮɟŮɠ əŬɘ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ, ˊŬɟɞɢɏɠ Űɞɡ ɄɑɜŬəŬ 2 əŬɘ 

¶ Űɘɠ ˊɟɞůŮɔɔɘůŰɘəɏɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ əŬɛˊɨɚŮɠ Űɖɠ ŬɜŰɚɑŬɠ. 

  

ɆɢɐɛŬ 70: Utilities ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ŭɘŮɟɔŬůɘɩɜ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

5.1. ȷˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖɜ ɃɜɞɛŬůŰɘəɐ ɄŬɟɞɢɐ 

ɇɞ əŮɜŰɟɘəɧ case Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ, ˊɎɜɤ ůŰɞ ɞˊɞɑɞ ɓŬůɑůŰɖəŮ əŬɘ 

ɧɚɖ ɖ ˊɟɞŮŰɞɘɛŬůɑŬ əŬɘ ɖ ɟɨɗɛɘůɖ Űɞɡ Űɟɧˊɞɡ Ůˊɑɚɡůɖɠ, ɐŰŬɜ ŬɡŰɧ Űɖɠ 

ɞɜɞɛŬůŰɘəɐɠ ˊŬɟɞɢɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŬɜŰɚɑŬɠ (ρψ ά Ὤϳ ).  

ɇɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ Űɞ ŮɜŭŮŭŮɘɔɛɏɜɞ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ ɛɑŬɠ 

ůŰɟɞɓɘɚɞɛɖɢŬɜɐɠ, ɚɧɔɤ Űɤɜ ɓɏɚŰɘůŰɤɜ ůɡɜɗɖəɩɜ ɟɞɐɠ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əŬɘ Űɖɠ 

ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɞɡ ɓŬɗɛɞɨ Ŭˊɧŭɞůɖɠ ůŮ ŬɡŰɧ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧɜ, ŮˊɘɚɏɢɗɖəŮ 

ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŬɜŬɚɡŰɘəɎ ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ 

ˊɟɞůɞɛɞɑɤůɖɠ, əŬɘ ɛŮŰɎ, ůŮ ɏɜŬ ŭŮɨŰŮɟɞ ŮˊɑˊŮŭɞ, ɜŬ ůɡɔəɟɘɗɞɨɜ ɛŮ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ Űɤɜ ɛŮɔŬɚɨŰŮɟɤɜ əŬɘ Űɤɜ ɛɘəɟɧŰŮɟɤɜ ˊŬɟɞɢɩɜ.   

 

5.1.1. ȾɟɘŰɐɟɘŬ Ɇɨɔəɚɘůɖɠ 

ũɘŬ Űɘɠ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ ɟɞɐɠ Űɞɡ əŬɜɞɜɘəɞɨ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 15000 ŮˊŬɜŬɚɐɣŮɘɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ůɡɔəɚɑɜŮɘ ɛŮ Űɖɜ 

ŮˊɘɗɡɛɖŰɐ ŬəɟɑɓŮɘŬ ɛŮŰɎ Ŭˊɧ ˊŮɟɑˊɞɡ 10500 ŮˊŬɜŬɚɐɣŮɘɠ. ȳˊɤɠ ɏɢŮɘ 

ŬɜŬűŮɟɗŮɑ (ɓɚ. ɡˊɞŮɜɧŰɖŰŬ 3.6.1), ɖ ˊɞɟŮɑŬ Űɖɠ ůɨɔəɚɘůɖɠ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬŰɖɟɖɗŮɑ Ŭˊɧ ŰŬ ŬɗɟɞɘůŰɘəɎ ɡˊɧɚɞɘˊŬ Űɤɜ ɟɞɥəɩɜ ŮɝɘůɩůŮɤɜ (residuals) 

əŬɘ Ŭˊɧ Űɘɠ Űɘɛɏɠ Űɤɜ ɞɟɘůɛɏɜɤɜ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ɛŮɔŮɗɩɜ ˊɞɡ 

ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ (probes). ũɘŬ Ůɝɞɘəɞɜɧɛɖůɖ ɢɩɟɞɡ, əŬɘ Ŭűɞɨ ŰŬ ůɖɛŬɜŰɘəɎ 

ˊɟɞɠ ůɨɔəɚɘůɖ ɛɖɢŬɜɘəɎ ɛŮɔɏɗɖ ŮɑɜŬɘ ɖ ɟɞˊɐ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Űɞ ɞɚɘəɧ 

ɨɣɞɠ, ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ Ŭˊɧ Űɖ ůɡɜɎɟŰɖůɖ probes ŭŮɜ Ŭ́ɟŬŰɑɗŮɜŰŬɘ. ȼ ůɨɔəɚɘůɖ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɞ ɞɜɞɛŬůŰɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ ŰŬ 

ȹɘŬɔɟɎɛɛŬŰŬ 3 ɛŮ 10. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

ȹɘɎɔɟŬɛɛŬ 3: Residuals ɔɘŬ Űɞ ɛɏɔŮɗɞɠ Urel x, Ŭˊɧ Űɞ utility pyFoamPlotWatcher.py. 

 

ȹɘɎɔɟŬɛɛŬ 4: Residuals ɔɘŬ Űɞ ɛɏɔŮɗɞɠ Urel y, Ŭˊɧ Űɞ utility pyFoamPlotWatcher.py. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

ȹɘɎɔɟŬɛɛŬ 5: Residuals ɔɘŬ Űɞ ɛɏɔŮɗɞɠ Urel z, Ŭˊɧ Űɞ utility pyFoamPlotWatcher.py. 

 

ȹɘɎɔɟŬɛɛŬ 6: Residuals ɔɘŬ Űɞ ɛɏɔŮɗɞɠ p, Ŭˊɧ Űɞ utility pyFoamPlotWatcher.py. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

ȹɘɎɔɟŬɛɛŬ 7: Residuals ɔɘŬ Űɞ ɛɏɔŮɗɞɠ Űɖɠ Űɡɟɓɩŭɞɡɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ k, Ŭˊɧ Űɞ 
utility pyFoamPlotWatcher.py. 

 

ȹɘɎɔɟŬɛɛŬ 8: Residuals ɔɘŬ Űɞ ɛɏɔŮɗɞɠ ɤ Űɞɡ ɛɞɜŰɏɚɞɡ Űɨɟɓɖɠ, Ŭˊɧ Űɞ utility 
pyFoamPlotWatcher.py. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

 

ȹɘɎɔɟŬɛɛŬ 9: Ɇɨɔəɚɘůɖ Űɖɠ ɟɞˊɐɠ ˊŮɟɘůŰɟɞűɐɠ ɔɘŬ Űɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ ůŮ 
ɧɚɖ Űɖɜ ˊŰŮɟɤŰɐ. 

 

ȹɘɎɔɟŬɛɛŬ 10: Ɇɨɔəɚɘůɖ Űɞɡ ɡŭɟŬɡɚɘəɞɨ ɨɣɞɡɠ ɔɘŬ Űɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ ɖ ɚɨůɖ ůɡɔəɚɑɜŮɘ 

ɘəŬɜɞˊɞɘɖŰɘəɎ. ɇŬ ɡˊɧɚɞɘˊŬ Űɤɜ ŮɝɘůɩůŮɤɜ (residuals) űŰɎɜɞɡɜ ůŮ ŬˊɞŭŮəŰɎ 

ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ, ŬəɧɛŬ əŬɘ ŬɡŰɎ ɔɘŬ Űɞ p, ˊŬɟɧɚɞ ˊɞɡ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟŬ, ůŮ 

ůɢɏůɖ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ. Ƀɘ Űɘɛɏɠ Űɖɠ ɟɞˊɐɠ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Űɞɡ ɞɚɘəɞɨ ɨɣɞɡɠ, 

əŬŰŬɚɐɔɞɡɜ ɜŬ ˊɟɞůŮɔɔɑɕɞɡɜ Űɖɜ ŰŮɚɘəɐ Űɘɛɐ, ɢɤɟɑɠ ɘŭɘŬɑŰŮɟɖ ŰŬɚŬɜŰɤŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ. Ƀɘ Űɘɛɏɠ ůɨɔəɚɘůɖɠ Űɤɜ űɡůɘəɩɜ, ɛɖɢŬɜɘəɩɜ ɛŮɔŮɗɩɜ ŮɑɜŬɘ: 

¶ ῼ ψȢπρψυ ὔά ‖‌― 

¶ Ὄ τςȢπω ά  Ȣ 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ Űɘɛɐ Űɖɠ ɟɞˊɐɠ ˊŮɟɘůŰɟɞűɐɠ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ůŭɩ ŬűɞɟɎ ůŮ 

ɞɚɧəɚɖɟɖ Űɖɜ ˊŰŮɟɤŰɐ, əŬɘ ɧɢɘ ɛɧɜɞ ůŮ ɏɜŬ ˊŰŮɟɨɔɘɞ. 

ɆɨɛűɤɜŬ ɛŮ ɧɚŬ ŰŬ ˊŬɟŬˊɎɜɤ, ŰŬ ŬɟɘɗɛɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ əŬɜɞɜɘəɞɨ 

ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ ɗŮɤɟɞɨɜŰŬɘ ŬɝɘɧˊɘůŰŬ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ɤɠ ɓɎůɖ ůɨɔəɟɘůɖɠ. 

 

5.1.2. ȾŬŰŬɜɞɛɏɠ ɄɘɏůŮɤɜ əŬɘ ɇŬɢɡŰɐŰɤɜ 

ȷˊɧ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ɛɑŬ ŰɏŰɞɘŬ ŮűŬɟɛɞɔɐ, ŮɑɜŬɘ ɖ 

ŬˊɞŰɨˊɤůɖ Űɤɜ əŬŰŬɜɞɛɩɜ Űɖɠ ˊɑŮůɖɠ əŬɘ Űɤɜ ɞɚɘəɩɜ əŬɘ ůɢŮŰɘəɩɜ 

ŰŬɢɡŰɐŰɤɜ. ũɘŬ Űɘɠ ŰŬɢɨŰɖŰŮɠ ŮɑɜŬɘ Ůɝɑůɞɡ ɢɟɐůɘɛɖ ɖ ůɢŮŭɑŬůɖ Űɤɜ ŭɘŬɜɡůɛɎŰɤɜ. 

ɀŮ Űɖ ɓɞɐɗŮɘŬ ɧɚɤɜ ŬɡŰɩɜ, űŬɑɜŮŰŬɘ ɎɛŮůŬ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ɟɞɐɠ əŬɘ 

ŬɝɘɞɚɞɔŮɑŰŬɘ, ŮɎɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ɟŮŬɚɘůŰɘəɎ. ɆɨɛűɤɜŬ, ɚɞɘˊɧɜ, ɛŮ Űɖ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ ȹ əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

ParaView, ˊŬɟɎɔɞɜŰŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ əŬŰŬɜɞɛɏɠ (contours əŬɘ glyphs) ɔɘŬ Űɞ 

əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ˊŰŮɟɤŰɐɠ. 

ɋɠ ˊɟɩŰɞ ůɢɧɚɘɞ, ˊŬɟŬŰɖɟɩɜŰŬɠ Űɞ ɆɢɐɛŬ 71, ˊɟɎɔɛŬŰɘ ɖ Űɘɛɐ Űɖɠ ˊɑŮůɖɠ 

ŬɡɝɎɜŮɘ Ŭˊɧ Űɖɜ Ůɑůɞŭɞ ˊɟɞɠ Űɖɜ ɏɝɞŭɞ Űɖɠ ˊŰŮɟɤŰɐɠ. ȼ ɛŮŰɎɓŬůɖ ŬɡŰɐ ɔɑɜŮŰŬɘ 

ůŰŬŭɘŬəɎ əŬɘ ɞɛŬɚɎ, ŬɚɚɎ ɧɢɘ ɞɛɞɘɧɛɞɟűŬ ŬɜɎɜŰɘ əŬɘ əŬŰɎɜŰɘ Űɞɡ ˊŰŮɟɡɔɑɞɡ. 

ɀɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ ɡˊɞˊɑŮůɖɠ Űɞɡ ˊŰŮɟɡɔɑɞɡ, əŬɘ 

ŮɘŭɘəɎ ůŰɞ Ŭɟɢɘəɧ əɞɛɛɎŰɘ, əŬŰɎ Űɖɜ Ůɑůɞŭɞ Űɖɠ ɟɞɐɠ (ɆɢɐɛŬ 72). ȼ ˊɑŮůɖ 

ɛŮɘɩɜŮŰŬɘ ɏɜŰɞɜŬ ůŰɖɜ Ůɑůɞŭɞ Űɖɠ ɟɞɐɠ ůŰɞ ˊŰŮɟɨɔɘɞ (ɆɢɐɛŬ 73). ȷɡŰɧ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ŮˊŮɘŭɐ Űɞ ůɖɛŮɑɞ ŬɡŰɧ ŭɟŬ ɤɠ Ůɛˊɧŭɘɞ ůŰɖ ɟɞɐ (blockage of the 

flow), Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ŬɡɝɎɜŮɘ ɖ ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ Űɖɠ ɟɞɐɠ ɤɠ ˊɟɞɠ Űɞ 

ůŰɟŮűɧɛŮɜɞ ˊŰŮɟɨɔɘɞ, ɧˊɤɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟŬŰɖɟɖɗŮɑ ůŰɞ ɆɢɐɛŬ 74. 

ȼ ůŰŬŰɘəɐ ˊɑŮůɖ ůŰɖɜ Ůɑůɞŭɞ ɝŮəɘɜɎ Ŭˊɧ ŰŬ σπχȟςτω Ὧὖὥ əŬɘ əŬŰŬɚɐɔŮɘ ůŰɖɜ 

ɏɝɞŭɞ ɜŬ ɏɢŮɘ Űɖɜ Űɘɛɐ ɛɖŭɏɜ, ɧˊɤɠ ŰɏɗɖəŮ əŬɘ ůŰɘɠ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ. ȷɡŰɏɠ 

ŮɑɜŬɘ ɞɘ Űɘɛɏɠ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ Ŭˊɧ Űɖ ůɡɜɎɟŰɖůɖ patchAverage əŬɘ 

patchMassFlowAverage Űɞɡ controlDict. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

 

 

 

  
ɆɢɐɛŬ 71: ȾŬŰŬɜɞɛɐ Űɖɠ ˊɑŮůɖɠ [ά ίϳ ] ůŰɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 73: ɇɞˊɘəɐ ɛŮɑɤůɖ Űɖɠ Űɘɛɐɠ Űɖɠ ˊɑŮůɖɠ ůŰɖɜ Ůɑůɞŭɞ Űɞɡ ˊŰŮɟɡɔɑɞɡ, ɚɧɔɤ 

ˊŬɟŮɛˊɞŭɘůɛɞɨ Űɖɠ ɟɞɐɠ. 

ɆɢɐɛŬ 74: ɇɞˊɘəɐ Ŭɨɝɖůɖ Űɖɠ Űɘɛɐɠ Űɖɠ ůɢŮŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ ůŰɖɜ Ůɑůɞŭɞ Űɞɡ 

ˊŰŮɟɡɔɑɞɡ, ɚɧɔɤ ˊŬɟŮɛˊɞŭɘůɛɞɨ Űɖɠ ɟɞɐɠ. 

ɆɢɐɛŬ 72: ɀɖ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɞɡ ˊŮŭɑɞɡ ˊɑŮůɖɠ ŬɜɎɜŰɘ əŬɘ əŬŰɎɜŰɘ Űɞɡ 

ˊŰŮɟɡɔɑɞɡ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

 

ɆɢɐɛŬ 75: ȾŬŰŬɜɞɛɐ Űɖɠ ŬˊɧɚɡŰɖɠ ŰŬɢɨŰɖŰŬɠ [ά ίϳ] ůŰɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ 

ɚŮɘŰɞɡɟɔɑŬɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

ȳˊɤɠ ŬɜŬɛɏɜŮŰŬɘ, əŬɘ ɖ Űɘɛɐ Űɖɠ ŬˊɧɚɡŰɖɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ ɟɞɐɠ (ɆɢɐɛŬ 75) 

ŬɡɝɎɜŮɘ Ŭˊɧ Űɖɜ Ůɑůɞŭɞ ˊɟɞɠ Űɖɜ ɏɝɞŭɞ, ɚɧɔɤ Űɖɠ űɡɔɞəɏɜŰɟɖůɖɠ Űɖɠ ɟɞɐɠ. 

ɆŰɖɜ Ůɑůɞŭɞ Űɞɡ ˊŰŮɟɡɔɑɞɡ, ˊŬɟŬŰɖɟŮɑŰŬɘ ŬɜŬəɡəɚɞűɞɟɑŬ Űɖɠ ɟɞɐɠ (ɆɢɐɛŬ 76). 

ȼ ˊŮɟɘɞɢɐ ŬɡŰɐ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɜŰŮɑɜŮŰŬɘ, ɧůɞ ɖ ˊŬɟɞɢɐ ɛŮɘɩɜŮŰŬɘ, əŬɘ ɜŬ 

ɛŮɘɩɜŮŰŬɘ, ɧůɞ ɖ ˊŬɟɞɢɐ ŬɡɝɎɜŮɘ. 

 

 

 

ȳˊɤɠ əŬɘ ůŰɖɜ əŬŰŬɜɞɛɐ Űɖɠ ˊɑŮůɖɠ, ɏŰůɘ əŬɘ ɔɘŬ Űɖɜ ŬˊɧɚɡŰɖ ŰŬɢɨŰɖŰŬ (ɆɢɐɛŬ 

75), ɞ ɟɡɛɗɧɠ Ŭɨɝɖůɖɠ Űɤɜ Űɘɛɩɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ ůŰɖɜ ˊɚŮɡɟɎ ˊɑŮůɖɠ 

(pressure side) Űɞɡ ˊŰŮɟɡɔɑɞɡ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɚŮɡɟɎ ɡˊɞˊɑŮůɖɠ (suction 

side). Ƀɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ Űɖɠ ŬˊɧɚɡŰɖɠ ŰŬɢɨŰɖŰŬɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əɞɜŰɎ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ˊŰŮɟɡɔɑɞɡ, ůŰɖɜ ˊŮɟɘɞɢɐ Ůɝɧŭɞɡ Űɖɠ ˊŰŮɟɤŰɐɠ. ȼ əŬŰŮɨɗɡɜůɖ 

Űɤɜ ŭɘŬɜɡůɛɎŰɤɜ ŬəɞɚɞɡɗŮɑ ůɤůŰɎ Űɖ ŭŮɝɘɧůŰɟɞűɖ űɞɟɎ ˊŮɟɘůŰɟɞűɐɠ Űɖɠ 

ŬɜŰɚɑŬɠ.  

ɆɢɐɛŬ 76: ȷɜŬəɡəɚɞűɞɟɑŬ Űɖɠ ɟɞɐɠ ɔɘŬ Űɖɜ ŬˊɧɚɡŰɖ 

ŰŬɢɨŰɖŰŬ, ůŰɖɜ Ůɑůɞŭɞ Űɖɠ ˊŰŮɟɤŰɐɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

 

 

ɆɢɐɛŬ 77: ȾŬŰŬɜɞɛɐ Űɖɠ ůɢŮŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ [ά ίϳ] ůŰɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

ɀŮŰɎ Űɖɜ ŮɝɏŰŬůɖ Űɖɠ ůŰŬŰɘəɐɠ ˊɑŮůɖɠ əŬɘ Űɖɠ ŬˊɧɚɡŰɖɠ ŰŬɢɨŰɖŰŬɠ, ůŮɘɟɎ ɏɢŮɘ ɖ 

ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ (ɆɢɐɛŬ 77). ɄɟɎɔɛŬŰɘ, ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůɢŮŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ 

Űɖɠ ɟɞɐɠ ŮɑɜŬɘ Ŭəɟɘɓɩɠ ŬɜŰɑɗŮŰɖ ŬɡŰɐɠ Űɖɠ ůŰŬŰɘəɐɠ ˊɑŮůɖɠ. ȳˊɞɡ ɖ ˊɑŮůɖ 

ˊŬɟɞɡůɘɎɕŮɘ ɛŮŰŬɓɞɚɏɠ Ŭɨɝɖůɖɠ, ŮəŮɑ ɖ ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ ˊŬɟɞɡůɘɎɕŮɘ 

ɛŮŰŬɓɞɚɏɠ ɛŮɑɤůɖɠ, əŬɘ ŬɜŰɘůŰɟɧűɤɠ. ɆŰɞ ɆɢɐɛŬ 78 űŬɑɜɞɜŰŬɘ ɛŮɟɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ˊŮɟɘɞɢɩɜ ɛŮ ŬɜŰɑɗŮŰɖ ůɡɛˊŮɟɘűɞɟɎ ɛŮŰŬɝɨ Űɤɜ p əŬɘ Urel. ɇŬ 

ŭŮɝɘɎ ůɢɐɛŬŰŬ Ŭűɞɟɞɨɜ ůŰɖ ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ, Ůɜɩ ŰŬ ŬɟɘůŰŮɟɎ ůŰɖɜ ˊɑŮůɖ. 

 

 

 

 

 

ũɘŬ Űɖ ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ ɞɘ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ůɖɛŮɘɩɜɞɜŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ 

ɡˊɞˊɑŮůɖɠ Űɞɡ ˊŰŮɟɡɔɑɞɡ, Ůɜɩ ůŰɖɜ ˊɚŮɡɟɎ ˊɑŮůɖɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛɑŬ ˊŮɟɘɞɢɐ 

ŬɜŬəɡəɚɞűɞɟɑŬɠ (ɆɢɐɛŬ 77). ȼ ɨˊŬɟɝɖ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɡŰɐɠ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɞ 

ůɢŮŭɘŬůɛɧɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ˊŰŮɟɤŰɐɠ ŭŮɜ ŮɑɜŬɘ ɞ ɓɏɚŰɘůŰɞɠ 

ŭɡɜŬŰɧɠ, əŬɗɩɠ ůŰɞ ȾɆȿ ŭŮɜ ɗŬ ɏˊɟŮˊŮ ɜŬ ˊɟɞəŬɚɞɨɜŰŬɘ ˊɟɧůɗŮŰŮɠ ŬˊɩɚŮɘŮɠ 

ɚɧɔɤ ŬɜŰɘůŰɟɞűɐɠ Űɖɠ ɟɞɐɠ. ɀŮŰɎ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ŬɜŬəɡəɚɞűɞɟɑŬɠ, ɖ ɟɞɐ 

ɆɢɐɛŬ 78: Ɇɨɔəɟɘůɖ ˊŮɟɘɞɢɩɜ ɛŮ ŬɜŰɑɗŮŰŮɠ ɛŮŰŬɓɞɚɏɠ ɔɘŬ ŰŬ p əŬɘ Urel. ȹŮɝɘɎ 

űŬɑɜŮŰŬɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ, Ůɜɩ ŬɟɘůŰŮɟɎ ɖ əŬŰŬɜɞɛɐ Űɖɠ ˊɑŮůɖɠ. 
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ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ȾɡɟɘŬəɐɠ ȷɡɔŮɟɘɜɞɨ, ȺɀɄ/ ɀɀ ɃəŰ2018 

űŬɑɜŮŰŬɘ ɜŬ əŬɗɞŭɖɔŮɑŰŬɘ əŬɚɎ ůŰɖɜ ˊŰŮɟɤŰɐ, əɘɜɞɨɛŮɜɖ ůɢŮŭɧɜ ˊŬɟɎɚɚɖɚŬ 

ˊɟɞɠ ŰŬ ˊŰŮɟɨɔɘŬ, ŬəɞɚɞɡɗɩɜŰŬɠ ˊŬɟɎɚɚɖɚŮɠ ɔɟŬɛɛɏɠ ɟɞɐɠ. 

ȸɏɓŬɘŬ, ɧůɞ ɛŮɔŬɚɩɜŮɘ ɖ ŬəŰɑɜŬ Űɖɠ ˊŰŮɟɤŰɐɠ, ůŰɖɜ ˊɚŮɡɟɎ ˊɑŮůɖɠ Űɞɡ 

ˊŰŮɟɡɔɑɞɡ, ɖ ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ ŮɛűŬɜɑɕŮɘ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ əɞɜŰɎ ůŰɖɜ ɏɝɞŭɞ 

Űɖɠ ˊŰŮɟɤŰɐɠ. ȷɡŰɧ ɏɢŮɘ ɤɠ ůɡɜɏˊŮɘŬ Űɖɜ ɏɜŰɞɜɖ ɛŮɑɤůɖ Űɖɠ ˊɑŮůɖɠ ŰɞˊɘəɎ 

(ɆɢɐɛŬ 79). 

 

 

 

 

 

 

 

5.2. Ɇɨɔəɟɘůɖ Űɤɜ ȷˊɞŰŮɚŮůɛɎŰɤɜ ůŮ ɧɚɞ Űɞ Ⱥɨɟɞɠ Űɤɜ 

ɄŬɟɞɢɩɜ 

ȷűɞɨ ŮɝŮŰɎůŰɖəŬɜ ˊɚɐɟɤɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ case ɛŮ Űɘɠ Ŭɟɢɘəɏɠ ůɡɜɗɐəŮɠ 

Űɞɡ əŬɜɞɜɘəɞɨ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ˊŰŮɟɤŰɐɠ, ŮɜŭɘŬűɏɟɞɜ ɗŬ ɏɢŮɘ ɜŬ 

ŬəɞɚɞɡɗɐůŮɘ ɖ ůɨɔəɟɘůɐ Űɞɡɠ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ɎɚɚŮɠ Űɘɛɏɠ Űɖɠ ˊŬɟɞɢɐɠ, 

ˊɞɡ ɏɢɞɡɜ ɐŭɖ ŬɜŬűŮɟɗŮɑ. 

ɆɢɐɛŬ 80: ȯəɟɖ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɜŬəɡəɚɞűɞɟɑŬɠ ɔɘŬ Űɖ 

ůɢŮŰɘəɐ ŰŬɢɨŰɖŰŬ. 

ɆɢɐɛŬ 79: ɆŰŬŭɘŬəɐ Ŭɨɝɖůɖ Űɖɠ ůɢŮŰɘəɐɠ ŰŬɢɨŰɖŰŬɠ ůŰɖɜ ˊɚŮɡɟɎ pressure Űɞɡ 

ˊŰŮɟɡɔɑɞɡ əŬɘ ŮɘŭɘəɎ ůŰɖɜ əɞɟɡűɐ Űɞɡ ˊŰŮɟɡɔɑɞɡ əŬŰɎ Űɖɜ ɏɝɞŭɞ. 
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ɆɢŮŰɘəɎ ɛŮ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůɨɔəɚɘůɖɠ Ŭˊɧ ɛɘəɟɧŰŮɟɖ ˊŬɟɞɢɐ ůŮ 

ɛŮɔŬɚɨŰŮɟɖ, ˊŬɟŬŰɖɟŮɑŰŬɘ əɎˊɞɘŬ ŭɘŬűɞɟɎ ůŰɖɜ ŬəɟɑɓŮɘŬ əŬɘ ůŰɞ Ůɨɟɞɠ Űɤɜ 

ŰŬɚŬɜŰɩůŮɤɜ Űɤɜ əŬɛɡ́ɚɩɜ ůɨɔəɚɘůɖɠ ɔɨɟɤ Ŭˊɧ Űɘɠ ɛɏůŮɠ Űɘɛɏɠ. ȷɡŰɧ 

ŮˊŬɚɖɗŮɨŮŰŬɘ əŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 82, ŰŬ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕɞɡɜ əŬɘ ůɡɔəɟɑɜɞɡɜ Űɖ 

ůɨɔəɚɘůɖ ɔɘŬ Űɘɠ Űɘɛɏɠ Űɤɜ M əŬɘ H, ɔɘŬ Űɖ ɛɏɔɘůŰɖ (22.3 ά Ὤϳ), Űɖɜ ŮɚɎɢɘůŰɖ 

(1.8 ά Ὤϳ ) əŬɘ Űɖɜ əŬɜɞɜɘəɐ ˊŬɟɞɢɐ (18 ά Ὤϳ). ūŬɑɜŮŰŬɘ, ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɖ, 

ɧŰɘ ɖ Űɘɛɐ Űɞɡ ɡŭɟŬɡɚɘəɞɨ ɨɣɞɡɠ ɔɘŬ Űɖ ɛɘəɟɧŰŮɟɖ ˊŬɟɞɢɐ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 

Űɤɜ Űɘɛɩɜ 50 əŬɘ 51 mɆɈ, Ůɜɩ ɖ Űɘɛɐ Űɞɡ ɨɣɞɡɠ ɔɘŬ Űɖ ɛŮɔŬɚɨŰŮɟɖ ˊŬɟɞɢɐ ɏɢŮɘ 

ŮɚɎɢɘůŰɖ ŭɘŬəɨɛŬɜůɖ (ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ 37.679 əŬɘ 37.68 mɆɈ). Ƀɘ ŭɘŬűɞɟɏɠ 

ŬɡŰɏɠ ˊɟɞɓɎɚɚɞɜŰŬɘ ŮɜŰɞɜɧŰŮɟŬ ɔɘŬ Űɞ ɡŭɟŬɡɚɘəɧ ɨɣɞɠ, ˊŬɟɎ ɔɘŬ Űɖ ɟɞˊɐ. 

ȷɡŰɧ, ɧɛɤɠ, ŭŮ ůɖɛŬɑɜŮɘ, ɧŰɘ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ůɡɔəɚɑůŮɘɠ ŭŮɜ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ. 

ȷəɧɛŬ əŬɘ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ ˊŬɟɞɢɐ, ɞɘ ůɡɔəɚɑůŮɘɠ ŮɑɜŬɘ ŬˊɞŭŮəŰɏɠ əŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɜɞɜɘəɎ.   

ɆŰŬ ɆɢɐɛŬŰŬ 81 əŬɘ 82 űŬɑɜŮŰŬɘ ŬəɧɛŬ ɧŰɘ, əŬŰɎ ɛɏůɞ ɧɟɞ, ɞɘ əŬɛˊɨɚŮɠ 

ůɨɔəɚɘůɖɠ ɛˊɞɟɞɨɜ ɜŬ ɢŬɟŬəŰɖɟɘůŰɞɨɜ ɤɠ ˊŮɟɘɞŭɘəɏɠ, Ŭűɞɨ ůɡɜŮɢɑɕŮŰŬɘ Űɞ ɑŭɘɞ 

ɛɞŰɑɓɞ ůɨɔəɚɘůɖɠ ɔɘŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŮˊŬɜŬɚɐɣŮɤɜ. ɇɞ əŬŰɎ ˊɧůɞ ɖ 

ŰŬɚŬɜŰɤŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŮɑɜŬɘ ˊɘɞ ɏɜŰɞɜɖ ɐ ˊɘɞ ɞɛŬɚɞˊɞɘɖɛɏɜɖ, űŬɑɜŮŰŬɘ ɜŬ 

ɛɖɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɢɐ, ŬɚɚɎ Ŭˊɧ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ŮˊɘɚɡŰɐ (ˊ.ɢ. 

ůɡɜŰŮɚŮůŰɏɠ ɡˊɞɢŬɚɎɟɤůɖɠ), ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɟɡɗɛɘůŰŮɑ ɔɘŬ Űɞ əŬɜɞɜɘəɧ ůɖɛŮɑɞ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɟɞɐɠ. ũɘŬ ŬɡŰɧ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ əŬɛˊɨɚŮɠ ŮɑɜŬɘ ɞɛŬɚɧŰŮɟŮɠ.  
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ɆɢɐɛŬ 81: Ɇɨɔəɟɘůɖ Űɖɠ ůɨɔəɚɘůɖɠ Űɖɠ ɟɞˊɐɠ ˊŮɟɘůŰɟɞűɐɠ ɔɘŬ Űɖ 

ɛɏɔɘůŰɖ, Űɖɜ ŮɚɎɢɘůŰɖ əŬɘ Űɖɜ əŬɜɞɜɘəɐ ˊŬɟɞɢɐ. 




