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ПОСЛЕ ПЕРВИЧНОГО ПРОЕКТИРОВАНИЯ 

˧˷˾̇˷˸̅̉́˷ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ̈̅̈̉̅˿̉ ˿˾ ̄˼̈́̅̂̓́˿̌ ̔̉˷̆̅˹, ˹˷˽̄̒̃ ˿˾ ́̅̉̅̇̒̌ ̖˹̖̂-

˼̖̉̈ ̆˼̇˹˿̎̄̅˼ ̆̇̅˼́̉˿̇̅˹˷̄˿˼. ˛̖̂ ̇˼̏˼̄˿̖ ̔̉̅̀ ˾˷˻˷̎˿ ̆̇˿̃˼̖̖̄̉̈̕ ̇˷˾̂˿̎̄̒˼ ̃˼̉̅˻˿́˿. ˥˻-

̄˷ ˿˾ ̉˷́˿̌ ̃˼̉̅˻˿́ ˸̒̂˷ ̇˷˾̇˷˸̅̉˷̄̄˷̖ ˵.˘. ˚˷̂˼̇́˿̄̒̃ ˿ А.˫. ˧˼́̈̉˿̄̒̃. ˥̄˷ ̅̈̉˷˹˿̂˷ ̅̉-
́̇̒̉̒̃˿ ̄˼̈́̅̂̓́̅ ˹̅̆̇̅̈̅˹ ˿ ̄˼ ˸̒̂˷ ̆̇̅˹˼̇˼̄˷ ̆̇˷́̉˿́̅̀ ̆̇˿̃˼̄˼̄˿̖. В ˻̅̆̅̂̄˼̄˿˼ ́ ̔̉̅̀ 

̃˼̉̅˻˿́˼ ˷˹̉̅̇̒ ̈̉˷̉̓˿ ̆̇˼˻̂̅˽˿̂˿ ̈̆̅̈̅˸ ́̅̇̇˼́̉˿̇̅˹́˿ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ˹̒̈̅̉̒ ̂̅̆˷̉̅́ ̇˷˸̅-

̎˼˺̅ ́̅̂˼̈˷ ̈ ̊̎˼̉̅̃ ̎˿̈˼̂ ˣ˷̌˷ ˿ ̆̅́˷˾˷̉˼̖̂ ˿˾̅̔̄̉̇̅̆̒. ˘̒̂ ̆̇˼˻̂̅˽˼̄ ̆̅˻̌̅˻ ́ ̅̆̇˼˻˼̂˼̄˿̕ 

̔̃̆˿̇˿̎˼̈́̅˺̅ ́̅̔̋̋˿̍˿˼̄̉˷ ˻̖̂ ̇˷̈̎˼̉˷ ̄˷̆̅̇̄̅̀ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ̆̇˿ ̇˼̏˼̄˿˿ 

̖̆̇̃̅̀ ˾˷˻˷̎˿ – ̇˷̈̎˼̉˷ ̌˷̇˷́̉˼̇˿̈̉˿́ ̈̉̊̆˼̄˿ ̈ ̇˷˾̃˼̇˷̃˿, ̅̆̇˼˻˼̂˼̄̄̒̃˿ ̆˼̇˹˿̎̄̒̃ ̆̇̅˼́-

̉˿̇̅˹˷̄˿˼̃. ˦̇˼˻̈̉˷˹̂˼̄̄̒˼ ˿˾̃˼̄˼̄˿̖ ˸̒̂˿ ̇˼˷̂˿˾̅˹˷̄̒ ˹ ̆̇̅˺̇˷̃̃˼ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅-

˹˷̄˿̖ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̄̒̌ ̈̉̊̆˼̄˼̀. ˦̇̅˹˼̇́˷ ̔̋̋˼́̉˿˹̄̅̈̉˿ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅-

˹˷̄˿̖ ˸̒̂˷ ̆̇̅˿˾˹˼˻˼̄˷ ̆̇˿ ̆̅̃̅̐˿ ̆̇̅˺̇˷̃̃̒ ̄˼˹̖˾́̅˺̅ ́˹˷˾˿̉̇˼̌̃˼̇̄̅˺̅ ̇˷̈̎˼̉˷ ̆̊̉˼̃ ˹˼̇˿-

̋˿́˷̍˿˿ ̋̅̇̃̒ ̂̅̆˷̉̅̎̄̒̌ ˷̆̆˷̇˷̉̅˹ ̇˷˸̅̎˿̌ ́̅̂˼̈; ̈̆̇̅˼́̉˿̇̅˹˷̄̒ ̉̇˿ ̈̉̊̆˼̄˿ ̄˷ ̇˷˾̂˿̎̄̒˼ 
̆˷̇˷̃˼̉̇̒ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ – ́̅̔̋̋˿̍˿˼̄̉̒ ̄˷̆̅̇˷ ˿ ̇˷̈̌̅˻˷. А̄˷̂˿˾ ˻˿˷˺̇˷̃̃ ̈́̅̇̅̈̉˼̀ ̆̇˿ 

̅˸̉˼́˷̄˿˿ ̂̅̆˷̉̅́ ̇˷˸̅̎˿̌ ́̅̂˼̈ ̆̅́˷˾˷̂ ̈̅̅̉˹˼̉̈̉˹˿˼ ̋̅̇̃̒ ̂̅̆˷̉̅́ ˾˷˻˷̄̄̒̃ ̆˷̇˷̃˼̉̇˷̃ ̆̇̅-

˼́̉˿̇̅˹˷̄˿̖. 
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VELOCITY DIAGRAMS  
OF IMPELLERS OF CENTRIFUGAL COMPRESSOR STAGES:  

ANALYSIS AFTER PRELIMINARY DESIGN 

Development of centrifugal compressors consists of several steps, the most important of them being pre-

liminary design. A variety of methods are applied for solving this problem. One of these methods was de-

veloped by Galerkin and Rekstin. However, this method did not fully resolve all issues and was not tested 

by practice. In addition to this method, we have proposed a technique for adjusting the relative height of 

impeller blades, taking into account Mach numbers and the isentropic coefficient. We have formulated 

an approach to determining the empirical coefficient for calculating the pressure characteristics of the 

impeller when solving for the direct problem that is calculating the characteristics of the stage with the 
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dimensions determined by preliminary design. The presented changes were implemented in the program 

for preliminary design of centrifugal compressor stages. The effectiveness of primary design was tested 

with a program for inviscid quasi-three-dimensional calculation by verifying the shape of impeller blades. 

Three stages have been designed with different values of design parameters (loading factor and flow rate). 

Analysis of the velocity diagrams on impellers blades showed that they were designed according to the 

specified design parameters. 

Keywords: centrifugal compressor stage, flow part, preliminary design, 3D-impeller, 2D-impeller. 
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ВǤǧǦǧǯǪǧ 

˭˼̄̉̇̅˸˼˽̄̒˼ ́̅̃̆̇˼̈̈̅̇̒ ̆̇˿̃˼̖̖̄̉̈̕ 

˹ ̇˷˾̂˿̎̄̒̌ ̅̉̇˷̖̈̂̌ ̆̇̅̃̒̏̂˼̄̄̅̈̉˿, ̉˷́˿̌, 
́˷́ ̎˼̇̄˷̖ ˿ ̍˹˼̉̄˷̖ ̃˼̉˷̂̂̊̇˺˿̖, ̄˼̋̉˼̌˿̃˿-

̎˼̈́̅˼ ̆̇̅˿˾˹̅˻̈̉˹̅, ̆̇̅˿˾˹̅˻̈̉˹̅ ̆̂˷̈̉̃˷̈̈ ˿ 

̉. ˻. В ˧̅̈̈˿˿ ̄˷˿˸̅̂˼˼ ̏˿̇̅́̅ ̍˼̄̉̇̅˸˼˽̄̒˼ 
́̅̃̆̇˼̈̈̅̇̒ ̆̇˿̃˼̖̖̄̉̈̕ ̆̇˿ ˻̅˸̒̎˼ ˿ 

̉̇˷̄̈̆̅̇̉˿̇̅˹́˼ ̆̇˿̇̅˻̄̅˺̅ ˺˷˾˷. ˥̈̄̅˹̄̊̕ 

˻̅̂̕ ˹ ́̅̃̆̇˼̈̈̅̇̄̅̃ ̆˷̇́˼ ˺˷˾̅˹̅̀ ̆̇̅̃̒̏-

̂˼̄̄̅̈̉˿ ̈̅̈̉˷˹̖̂̉̕ ̍˼̄̉̇̅˸˼˽̄̒˼ ́̅̃̆̇˼̈-
̈̅̇̒, ̆̇˿̃˼̖̄˼̃̒˼ ˻̖̂ ̉̇˷̄̈̆̅̇̉˿̇̅˹́˿ ˺˷˾˷ 
̆̅ ̉̇̊˸̅̆̇̅˹̅˻˷̃ ˿ ˾˷́˷̎́˿ ˼˺̅ ˹ ̆̅˻˾˼̃̄̒˼ 
̌̇˷̄˿̂˿̐˷. А́̉˿˹̄˷̖ ̇˷˾̇˷˸̅̉́˷ ̄̅˹̒̌ ˺˷˾̅˹̒̌ 
̃˼̈̉̅̇̅˽˻˼̄˿̀, ̇˷˾˹˿̉˿˼ ˺˷˾̅̉̇˷̄̈̆̅̇̉̄̅̀ ̈˿-

̈̉˼̃̒ ̈̉̇˷̄̒ ̆̅̇̅˽˻˷̉̕ ̖̆̅̈̉̅̄̄̒̀ ̈̆̇̅̈ ̄˷ 
̍˼̄̉̇̅˸˼˽̄̒˼ ́̅̃̆̇˼̈̈̅̇̒. ˣ̄̅˺˿˼ ˿̈̆̅̂̓˾̊-
˼̃̒˼ ˹ ̄˷̖̈̉̅̐˼˼ ˹̇˼̖̃ ́̅̃̆̇˼̈̈̅̇̒ ̃̅̇˷̂̓̄̅ 

˿ ̋˿˾˿̎˼̈́˿ ̊̈̉˷̇˼̂˿. ˴̉̅ ̆̇˿˹̅˻˿̉ ́ ̄˼̅˸̌̅-

˻˿̃̅̈̉˿ ˾˷̃˼̄̒ ˺˷˾̅̆˼̇˼́˷̎˿˹˷̐̕˿̌ ˷˺̇˼˺˷̉̅˹ 

̍˼̂˿́̅̃ ˿̂˿, ̎̉̅ ˸̅̂˼˼ ̔̋̋˼́̉˿˹̄̅, ˾˷̃˼̄˼ 
̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ˹ ̈̊̐˼̈̉˹̊̐̕˼̃ ́̅̇̆̊̈˼. 

ˤ˷ ̆̇˿˹̅˻ ́̅̃̆̇˼̈̈̅̇̅˹ ˾˷̉̇˷̎˿˹˷˼̖̉̈ 

˸̅̂̓̏̅˼ ́̅̂˿̎˼̈̉˹ ̔̄˼̇˺˿˿, ̆̅̔̉̅̃̊ ̄˼̅˸̌̅-

˻˿̃̅ ̈̅˾˻˷˹˷̉̓ ̆̇̅̉̅̎̄̒˼ ̎˷̈̉˿ ̈ ̃˷́̈˿̃˷̂̓-
̄̅̀ ̔̄˼̇˺˼̉˿̎˼̈́̅̀ ̔̋̋˼́̉˿˹̄̅̈̉̓̕ (̄˷˿˹̒̈-
̏˿̃ К˦˛), ̆̇˿ ̔̉̅̃ ̅˸˼̈̆˼̎˿˹˷̖ ̈̅́̇˷̐˼̄˿˼ 
̈̇̅́̅˹ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃-

̆̇˼̈̈̅̇̅˹, ˷ ̉˷́˽˼ ̊̃˼̄̓̏˷̖ ̈̉̅˿̃̅̈̉̓ ̆̇̅˼́-

̉˿̇̅˹˷̄˿̖. ˦̅̔̉̅̃̊ ˺˷˾̅˻˿̄˷̃˿̎˼̈́̅˼ ̆̇̅˼́-

̉˿̇̅˹˷̄˿˼ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ [1–8, 

23–26] ̆̅-̆̇˼˽̄˼̃̊ ̖˹̖̂˼̖̉̈ ˹˷˽̄̅̀ ˿ ˷́̉̊-
˷̂̓̄̅̀ ˾˷˻˷̎˼̀. 

˦̇̅˼́̉˿̇̅˹˷̄˿˼ ̄̅˹̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ̅̈-

̄̅˹̒˹˷˼̖̉̈ ̄˷ ̆̇˿̃˼̄˼̄˿˿ ̅̉̇˷˸̅̉˷̄̄̒̌ ˿ 

˿̈̆̒̉˷̄̄̒̌ ̇˷̄˼˼ ̃̅˻˼̂̓̄̒̌ ̈̉̊̆˼̄˼̀, ˷ 
̉˷́˽˼ ̄˷ ˿̈̆̅̂̓˾̅˹˷̄˿˿ ̈̆˼̍˿˷̂˿˾˿̇̅˹˷̄̄̒̌ 

˿̄˽˼̄˼̇̄̒̌ ̃˼̉̅˻˿́. ˧˷˾̇˷˸̅̉́̅̀ ̃˷̉˼̃˷̉˿-

̎˼̈́˿̌ ̃̅˻˼̂˼̀, ̂˼˽˷̐˿̌ ˹ ̅̈̄̅˹˼ ̔̉˿̌ ̃˼̉̅-

˻˿́, ˾˷̄˿̃˷̖̉̈̕ ̈̆˼̍˿˷̂˿̈̉̒ ̊̄˿˹˼̇̈˿̉˼̉̅˹ 

˿ ̆̇̅̋˿̂̓̄̒̌ ̆̇˼˻̆̇˿̖̉˿̀ [9–22].  

В ˨˦˸˦˪ ̄˷ ̖̆̇̅̉˽˼̄˿˿ ˻˼̖̈̉˿̂˼̉˿̀ ̆̇̅-

˹̅˻˿̂˿̈̓ ˿̈̈̂˼˻̅˹˷̄˿̖ ́̅̃̆̇˼̈̈̅̇̅˹ ˻˿̄˷̃˿-

̎˼̈́̅˺̅ ˻˼̀̈̉˹˿̖. ˦̅̂̊̎˼̄̄̒˼ ̇˼˾̊̂̓̉˷̉̒ ̆̅˾-
˹̅̂˿̂˿ ̈̅˾˻˷̉̓ ̃˼̉̅˻ ˺˷˾̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̇˷̈̎˼-
̉˷ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ˿ ̈̅̅̉˹˼̉̈̉˹̊-
̐̊̕̕ ̃˷̉˼̃˷̉˿̎˼̈́̊̕ ̃̅˻˼̂̓, ˷ ̄˷ ̔̉̅̀ ̅̈̄̅-

˹˼ – ̆˷́˼̉ ̆̇̅˺̇˷̃̃, ̆̅̂̊̎˿˹̏˿̀ ̄˷˾˹˷̄˿˼ 
ˣ˼̉̅˻ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖. 

В ̆˼̇˹̒̌ ˹˼̇̈˿̖̌ ˣ˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ 

̃̅˻˼̂˿̇̅˹˷̄˿̖ [27–39] ̆˼̇˹˿̎̄̅˼ ̆̇̅˼́̉˿̇̅-

˹˷̄˿˼ ̅̈̄̅˹˷̄̅ ̄˷ ̇˼́̅̃˼̄˻˷̍˿̖̌ ́˷̎˼̈̉˹˼̄-

̄̅˺̅ ̌˷̇˷́̉˼̇˷ ˿˾ ́̂˷̈̈˿̎˼̈́˿̌ ̅̉˼̎˼̈̉˹˼̄̄̒̌ 
̃̅̄̅˺̇˷̋˿̀ ˿ ̄˷ ̇˼˾̊̂̓̉˷̉˷̌ ̈̅˸̈̉˹˼̄̄̒̌ ˿̈-
̈̂˼˻̅˹˷̄˿̀ [34–38]. 

А˹̉̅̃˷̉˿̎˼̈́˿̃ ̆˼̇˼˸̅̇̅̃ ̅̈̄̅˹̄̒̌ ̇˷˾-
̃˼̇̅˹ ̆̇̅˺̇˷̃̃˷ «˥̆̉˿̃˷̂̓̄̅˼ ̆̇̅˼́̉˿̇̅˹˷-
̄˿˼ ̍˼̄̉̇̅˸˼˽̄̅̀ ́̅̃̆̇˼̈̈̅̇̄̅̀ ̈̉̊̆˼̄˿» 

ˣ˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ̅̆̇˼-
˻˼̖̂˼̉ ˿̌ ̈̅̎˼̉˷̄˿˼, ̆̇˿ ́̅̉̅̇̅̃ ˻̅̈̉˿˺˷˼̖̉̈ 

˸˼˾̊˻˷̇̄̅˼ ̅˸̉˼́˷̄˿˼ ̆̇˿ ˾˷˻˷̄̄̅̃ ˻̖̂ ̈̉̊̆˼̄˿ 

́̅̔̋̋˿̍˿˼̄̉˼ ̇˷̈̌̅˻˷ ˫̇˷̈̎, ̅˸˼̈̆˼̎˿˹˷˼̖̉̈ ˾˷-
˻˷̄̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ ̄˷̆̅̇˷ ̉ ̇˷̈̎ ̆̇˿ ̃˷́̈˿-

̃˷̂̓̄̅ ˹̅˾̃̅˽̄̅̃ К˦˛. ˨̂˼˻̊̐̕˷̖ ̆̇̅˺̇˷̃-

̃˷ ˣ˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ – 
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«˧˷̈̎˼̉ ̈˼̃˼̀̈̉˹˷ ̌˷̇˷́̉˼̇˿̈̉˿́ ̍˼̄̉̇̅˸˼˽-

̄̅̀ ́̅̃̆̇˼̈̈̅̇̄̅̀ ̈̉̊̆˼̄˿» – ˻˼̂˷˼̉ ̔̉̅ ˻̖̂ 

̅̆̉˿̃˿˾˿̇̅˹˷̄̄̅˺̅ ˹˷̇˿˷̄̉˷ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿. 

ˤ̅, ̆̅̈́̅̂̓́̊ ̅̈̄̅˹˷̄̄̒˼ ̄˷ ̔̃̆˿̇˿̎˼̈́˿̌ 
́̅̔̋̋˿̍˿˼̄̉˷̌ ̃˷̉˼̃˷̉˿̎˼̈́˿˼ ̃̅˻˼̂˿ ̄˼ ̃̅-

˺̊̉ ˺˷̇˷̄̉˿̇̅˹˷̉̓ ˷˸̈̅̂̉̄̅̀̕ ˻̅̈̉̅˹˼̇̄̅̈̉˿ 

̇˷̈̈̎˿̉˷̄̄̒̌ ̌˷̇˷́̉˼̇˿̈̉˿́, ̆̅̂̓˾̅˹˷̉˼̂̕ 

̆̇̅˺̇˷̃̃̒ ̈̂˼˻̊˼̉ ̆̇̅˷̄˷̂˿˾˿̇̅˹˷̉̓ ́̅̇̇˼́̉-
̄̅̈̉̓ ̅̆̉˿̃˿˾˿̇̅˹˷̄̄̒̌ ̇˷˾̃˼̇̅˹ ˿̈̌̅˻̖ ˿˾ 
̅̆̒̉˷ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˿ ̇˼˾̊̂̓̉˷̉̅˹ ˿̈̆̒̉˷-
̄˿̖ ̈̉̊̆˼̄˼̀ ˿ ́̅̃̆̇˼̈̈̅̇̅˹. ˟˾̂̅˽˼̄̄̒̀ 

̆̅˻̌̅˻ ̉̇˼˸̊˼̉ ̅̉ ̆̅̂̓˾̅˹˷̉˼̖̂ ˸̅̂̓̏̅˺̅ ̂˿̎-

̄̅˺̅ ̅̆̒̉˷ ̆̇̅˼́̉̄̅̀ ˿ ˿̈̈̂˼˻̅˹˷̉˼̂̓̈́̅̀ ̇˷-
˸̅̉̒ ˿ ̄˷́̂˷˻̒˹˷˼̉ ̅˺̇˷̄˿̎˼̄˿̖ ̄˷ ̔̋̋˼́̉˿˹-

̄̅̈̉̓ ̆̇˿̃˼̄˼̄˿̖ ˿̄˽˼̄˼̇̄̅˺̅ ̃˼̉̅˻˷ ̆̇̅˼́-

̉˿̇̅˹˷̄˿̖ ́̅̃̆̇˼̈̈̅̇̅˹.  

˨̂˼˻̊̐̕˿̀ ̔̉˷̆ ̇˷˾˹˿̉˿̖ ˣ˼̉̅˻˷ ̊̄˿˹˼̇-

̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ˿ ̂˼˽˷̐˼̀ ˹ ˼˺̅ ̅̈̄̅-

˹˼ ̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿ – ́̅̇̇˼́̉˿̇̅˹́˷ 
̖̆̅̇˻́˷ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̎̉̅˸̒ ̄˷˻˼˽̄̅˼ 
̅˸˼̈̆˼̎˼̄˿˼ ˾˷˻˷̄̄̅˺̅ ̇˷̈̌̅˻˷ ˿ ̄˷̆̅̇˷ ́̅̃-

̆̇˼̈̈̅̇˷ ˻˷˹˷̂̅ ˸̒ ̆̇̅˼́̉, ̄˼ ̄̊˽˻˷̐̕˿̖̀̈ ˹ 

̆̅̈̂˼˻̊̐̕˼̀ ̔́̈̆˼̇̉̄̅̀ ́̅̇̇˼́̉˿̇̅˹́˼ ˿ 

˷̄˷̂˿˾˼. В̒˸̇˷̄̄̒̀ ̈̅̉̇̊˻̄˿́˷̃˿ ˤ˟ˢ «˚˷-
˾̅˹˷̖ ˻˿̄˷̃˿́˷ ̉̊̇˸̅̃˷̏˿̄» ̆̅˻ ̇̊́̅˹̅˻-

̈̉˹̅̃ ˵.˘. ˚˷̂˼̇́˿̄˷ ̆̊̉̓ ̇˼̏˼̄˿̖ ˹̅̆̇̅̈˷ – 

̔̉̅ ̆˼̇˼̌̅˻ ̅̉ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̄˷ 
̅̈̄̅˹˷̄˿˿ ́˷̎˼̈̉˹˼̄̄̒̌ ̇˼́̅̃˼̄˻˷̍˿̀ ́ 

̆̇̅˼́̉˿̇̅˹˷̄˿̕ ̄˷ ˸˷˾˼ ̈̆˼̍˿˷̂̓̄̅ ̆̇̅˹˼-

˻˼̄̄̒̌ ˿̈̈̂˼˻̅˹˷̄˿̀ ˿ ˷̆̆̇̅́̈˿̃˿̇̊̐̕˿̌ 

̊̇˷˹̄˼̄˿̀, ˻˷̐̕˿̌ ́̅̄́̇˼̉̄̒˼ ˾̄˷̎˼̄˿̖ 

́˷˽˻̅˺̅ ˿˾ ̇˷˾̃˼̇̅˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿. В ̇˷-

˸̅̉˼ [39] ̉˷́˿˼ ̊̇˷˹̄˼̄˿̖ ̆̇˼˻̂̅˽˼̄̒ ̆̅ ̇˼-

˾̊̂̓̉˷̉˷̃ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˻˹̊̌ ̈˼̇˿̀ ̃̅˻˼̂̓-
̄̒̌ ̈̉̊̆˼̄˼̀ ˹ ˻˿˷̆˷˾̅̄˼ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̇˷̈-
̌̅˻˷ ˫̇˷̈̎ = 0,015–0,15. ˦̇̅˸̄˷̖ ̔́̈̆̂̊˷̉˷̍˿̖ 

̇˷˾̇˷˸̅̉˷̄̄̅̀ ̆̇̅˺̇˷̃̃̒ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̆̅-

́˷˾˷̂˷ ̇˷̍˿̅̄˷̂̓̄̅̈̉̓ ̆̅˻̌̅˻˷, ̄̅ ˹ ̅̉̄̅̏˼-
̄˿˿ ˹̒˸̅̇˷ ̇˷˾̃˼̇̅˹, ̅˸˼̈̆˼̎˿˹˷̐̕˿̌ ̉̇˼˸̊-
˼̃̒˼ ˾̄˷̎˼̄˿̖ ˫̇˷̈̎ ˿ ̉ ̇˷̈̎, ̆̇̅˸̂˼̃˷ ̄˼ ˸̒̂˷ 
̇˼̏˼̄˷. В ̇˷˸̅̉˼ [40] ˹̅̆̇̅̈ ˿̈̈̂˼˻̅˹˷̄ ̆̇˿-

̃˼̄˿̉˼̂̓̄̅ ́ ̃˷̂̅̇˷̈̌̅˻̄̒̃ ̈̉̊̆˼̖̄̃. В ̃̅-

̄̅˺̇˷̋˿̖̌ [34, 35] ̆̅́˷˾˷̄̅, ̎̉̅ ̇˷̈̎˼̉ ˻˿˷-
˺̇˷̃̃ ̆̅ ̆̇̅˺̇˷̃̃˼ 3˛ˣ.023, ˿̈̆̅̂̓˾̊̐̕˼̀ 

̈̅̎˼̉˷̄˿˼ ̃˼̉̅˻˷ ́˹˷˾˿̅̇̉̅˺̅̄˷̂˼̀ ˿ ˿̄̉˼-
˺̇˷̂̓̄̒̌ ̊̇˷˹̄˼̄˿̀, ˻˷˼̉ ̄˷˻˼˽̄̒˼ ̇˼˾̊̂̓̉˷̉̒ 

˻̖̂ ̄˷̌̅˽˻˼̄˿̖ ́̅̔̋̋˿̍˿˼̄̉˷ ̄˷̆̅̇˷ ̇˼˷̂̓-
̄̅˺̅ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ˿ ̇˼˽˿̃˷ ˸˼˾̊˻˷̇̄̅˺̅ ̅˸-

̉˼́˷̄˿̖, ̉. ˼. ˻̖̂ ̅̆̇˼˻˼̂˼̄˿̖ ̇˷̈̎˼̉̄̅˺̅ ̇˼-
˽˿̃˷ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷.  

˨ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ˷̄˷̂˿˾˷ ˻˿˷˺̇˷̃̃ ̈́̅-

̇̅̈̉˼̀ А. ˧˼́̈̉˿̄ ˿ ˵. ˚˷̂˼̇́˿̄ ̈̆̇̅˼́̉˿̇̅-

˹˷̂˿ 124 ̇˷˸̅̎˿̌ ́̅̂˼̈˷ ˹ ˻˿˷̆˷˾̅̄˼ ˺˷˾̅˻˿-

̄˷̃˿̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ˫̇˷̈̎ = 0,015–0,15, 

̉ ̇˷̈̎ = 0,40–0,70 ̈ ˹̉̊̂̅̎̄̒̃˿ ̅̉̄̅̏˼̄˿̖̃˿ 

˹ ˻˿˷̆˷˾̅̄˼ ˹̉D  = 0,25–0,40.  

ˤ˷ ̇˿̈. 1 ̆̅́˷˾˷̄̒ ̈̌˼̃̒ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ 

̅̈˼̇˷˻˿˷̂̓̄̅˺̅ ˿ ̇˷˻˿˷̂̓̄̅˺̅ ̇˷˸̅̎˿̌ ́̅̂˼̈ ˿ 

̅˸̅˾̄˷̎˼̄̒ ̇˷˾̃˼̇̒ ̆̇̅̉̅̎̄̒̌ ̎˷̈̉˼̀. 

˧˷˾̃˼̇̒ ̂̅̆˷̉̅̎̄̅̀ ̇˼̏˼̉́˿ ̅̆̇˼˻˼̖̂̉̕-
̖̈ ́̅̂˿̎˼̈̉˹̅̃ ̂̅̆˷̉̅́, ˿̌ ̅̉̄̅̈˿̉˼̂̓̄̅̀ 

̉̅̂̐˿̄̅̀, ̊˺̂˷̃˿ ˹̌̅˻˷ ˿ ˹̒̌̅˻˷. ˫̅̇̃˷ ̂̅-

̆˷̉̅́ ̅̆̇˼˻˼̖̂˼̖̉̈ ˾˷˹˿̈˿̃̅̈̉̓̕ ̊˺̂˷ ̂̅̆˷-
̉̅́ (̄˷ ̈̇˼˻̄˼̀ ̆̅˹˼̇̌̄̅̈̉˿) ̅̉ ́̅̅̇˻˿̄˷̉̒ ˹ 

̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̆̂̅̈́̅̈̉˿: ̂ ( ).mf l   В ̆̇̅-

˺̇˷̃̃˼ 3˛ˣ.023 ̋̊̄́̍˿̖ ̂ ( )mf l   ˾˷˻˷˼̖̉̈ 

́˹˷˻̇˷̉˿̎̄̒̃˿ ˷̂˺˼˸̇˷˿̎˼̈́˿̃˿ ̊̇˷˹̄˼̄˿̖-

̃˿. В˿˻ ̔̉̅̀ ̋̊̄́̍˿˿ ̅̆̇˼˻˼̖̂˼̉ ˹̒˸̅̇ ˻˹̊̌ 

́̅̔̋̋˿̍˿˼̄̉̅˹ – «А» ˿ «В». ˪ ˧˧К ̆̅˹˼̇̌-
̄̅̈̉̓ ̂̅̆˷̉̅́ ̄˼̆̇̅̈̉̇˷̄̈̉˹˼̄̄˷̖, ̍˿̂˿̄˻̇˿-

̎˼̈́˷̖. ˫̅̇̃̊ ̂̅̆˷̉̅́ ˧˧К ̅̆̇˼˻˼̖̂˼̉ ̅˻̄̅ 

̊̇˷˹̄˼̄˿˼: ̂ ( ).f r   ˛̖̂ ˥˧К ̈̇˼˻̖̖̄ ̂˿̄˿̖ 

˾˷˻˷˼̖̉̈ ˻˹̖̊̃ ̊̇˷˹̄˼̄˿̖̃˿ ̂ ( )mf l   – ̄˷ 
̆˼̇˿̋˼̇˿̀̄̅̀ ˿ ˹̉̊̂̅̎̄̅̀ ̆̅˹˼̖̇̌̄̅̈̉̌ ̂̅-

̆˷̉́˿.  

˛̖̂ ̇˷̈̎˼̉˷ ̇˷˾̃˼̇̅˹ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ 

̆̇˼˻̂̅˽˼̄̒ ̋̅̇̃̊̂̒, ˷̆̆̇̅́̈˿̃˿̇̊̐̕˿˼ 
˺˼̅̃˼̉̇˿̎˼̈́˿˼ ̇˷˾̃˼̇̒ ̖̊̆̅̃̄̊̉̒̌ ˹̒̏˼ 
124 ̇˷˸̅̎˿̌ ́̅̂˼̈.  

ǘǧǭǾ ǱǲǧǦǳǴǢǤǭȁǧмоǫ ǲǢбоǴǽ – ̇˼˷̂˿˾̅˹˷̉̓ 

̆̇˼˻̂̅˽˼̄̄̒̀ А.˫. ˧˼́̈̉˿̄̒̃ ˿ ˵.˘. ˚˷̂˼̇-

́˿̄̒̃ ˷̂˺̅̇˿̉̃ ˹ ˹˿˻˼ ́̅̃̆̓̉̕˼̇̄̅̀ ̆̇̅-

˺̇˷̃̃̒ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˿ ˹˼̇˿-

̋˿̍˿̇̅˹˷̉̓ ̆̇̅˺̇˷̃̃̊ ˹ ̆̇˼˻˼̂˷̌ ˿˾̊̎˼̄̄̒̌ 
̆˷̇˷̃˼̉̇̅˹ ̆̇̅˼́̉˿̇̅˹˷̄˿̖: ˫̇˷̈̎ = 0,015–0,15;  

̉ ̇˷̈̎ = 0,40 – 0,70; ɜɬD = 0,25–0,40. 
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а) ȁ)

 
˧˿̈. 1. ˨̌˼̃̒ ˿ ̇˷˾̃˼̇̒ ̇˷˸̅̎˿̌ ́̅̂˼̈ ˹ ̃˼̇˿˻˿̅̄˷̂̓̄̅̀ ̆̂̅̈́̅̈̉˿:  

а – ̅̈˼̇˷˻˿˷̂̓̄̅˼ ̇˷˸̅̎˼˼ ́̅̂˼̈̅ (˥˧К); ȁ – ̇˷˻˿˷̂̓̄̅˼ ̇˷˸̅̎˼˼ ́̅̂˼̈̅ (˧˧К) 

Fig. 1. Scheme and dimensions of the impeller in the meridional plane: а– 3D impeller; ȁ – 2D impeller 
 

˦̇˼˻̂̅˽˼̄̄̒̀ ˷̂˺̅̇˿̉  ̃ ̈̂˼˻̊˼̉ ˻̅̆̅̂̄˿̉̓ 
˹̒˸̅̇̅̃ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ˹̒̈̅̉̒ ̂̅̆˷̉̅́. ˧˼́̅-

̃˼̄˻̅˹˷̄̄̒˼ А. ˧˼́̈̉˿̄̒̃ ˿ ˵. ˚˷̂˼̇́˿̄̒  ̃

̋̅̇̃̊̂̒ ˻˷̉̕ ˾̄˷̎˼̄˿  ̖ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ˹̒̈̅̉̒ 

̂̅̆˷̉̅́ 2 ɪɚɫɱ= ( ),b f   ́̅̉̅̇̒˼ ̅˸˼̈̆˼̎˿˹˷̉̕ 

˾˷˻˷̄̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ ̄˷̆̅̇˷ ̆̇˿ ́̇˿̉˼̇˿̖̌ 
̆̅˻̅˸˿̖ ˣu = 0,70, k = 1,4. ˦̇˿ ˸̅̂̓̏˼̃ ̊˹˼̂˿-

̎˼̄˿˿ ̆̂̅̉̄̅̈̉˿ ̄˷ ˹̒̌̅˻˼ ˿˾ ˧К ̅̉̄̅̈˿̉˼̂̓̄̊̕ 

˹̒̈̅̉̊ ̂̅̆˷̉̅́ ̄˷˻̅ ̊̃˼̄̓̏˿̉̓, ˿ ̄˷̅˸̅̇̅̉: 

 2 2ψ =1 ctgβ̉ ;  (1) 
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ˮ˷̈̉̄˷̖ ̍˼̂̓ ̇˷˸̅̉̒ – ̈̅˾˻˷̄˿˼ ̃˼̉̅˻˿́˿ 

̇˷̈̎˼̉˷ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ˹̒̈̅̉̒ ̂̅̆˷̉̅́, ́̅̉̅-

̇˷̖ ̅˸˼̈̆˼̎˿˹˷˼̉ ˾˷˻˷̄̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅-

̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ ̉ ̇˷̈̎ ̆̇˿ ˣu  0,70, k  1,4. 

ǒǢǩǲǢбоǴǬǢ мǧǴоǦǪǬǪ ǲǢǳǹǧǴǢ оǴǯоǳǪǴǧǭǾǯоǫ 

ǤǽǳоǴǽ ǭоǱǢǴоǬ ǯǢ ǤǽǷоǦǧ ǱǲǪ ǱǲоǪǩǤоǭǾǯǽǷ 

ǩǯǢǹǧǯǪȁǷ ǬǲǪǴǧǲǪǧǤ ǳǨǪмǢǧмоǳǴǪ 

˛̖̂ ̇˷̈̎˼̉˷ ˹̒̈̅̉̒ ̂̅̆˷̉̅́ 2b  ̄˷ ˹̒̌̅˻˼ 
˿˾ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷, ̅˸˼̈̆˼̎˿˹˷̐̕˿̌ ̄˼̅˸̌̅-

˻˿̃̅˼ ˾̄˷̎˼̄˿˼ ̉ ̇˷̈̎ ̆̇˿ ˣu  0,7 ˿ k  1,4, 

̆̇˿̃˼̖̖̄̉̈̕ ̃˷̉˼̃˷̉˿̎˼̈́˿˼ ̃̅˻˼̂˿ ˣ˼̉̅˻˷ 
̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖. 

ˤ˷ ̆˼̇˹̅̃ ̔̉˷̆˼ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ 

̆̅ ̋̅̇̃̊̂˷̃ А.˫. ˧˼́̈̉˿̄˷ ˿ ˵.˘. ˚˷̂˼̇́˿̄˷ 
̇˷̈̈̎˿̉̒˹˷˼̖̉̈ ˾̄˷̎˼̄˿˼ 2b , ́̅̉̅̇̅˼ ̅˸˼̈̆˼̎˿-

˹˷˼̉ ̆̅̂̊̎˼̄˿˼ ˾˷˻˷̄̄̅˺  ̅  ̉̇ ˷̈̎ ̆̇˿ ̎˿̈̂˼ ˣ˷̌˷ 
ˣu = 0,7 ˿ ̆̅́˷˾˷̉˼̂˼ ˿˾̅̔̄̉̇̅̆̒ k = 1,4.  

А.˫. ˧˼́̈̉˿̄ ˿ ˵.˘. ˚˷̂˼̇́˿̄ ˻̖̂ ̇˷̈̎˼-

̉˷ ̉ ̇˷̈̎
 
˿̈̆̅̂̓˾̅˹˷̂˿ ́̅̔̋̋˿̍˿˼̄̉ ̄˷̆̅̇˷ 

̆̇˿ ̄˼˹̖˾́̅̃ ̅˸̉˼́˷̄˿˿ ̈ ̆̅̆̇˷˹̅̎̄̒̃ ̔̃-

̆˿̇˿̎˼̈́˿̃ ́̅̔̋̋˿̍˿˼̄̉̅̃. ˦̇̅˺̇˷̃̃˷ 

̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˹́̂̎̕˷˼̉ ̃̅˻˼̂̓ 

̄˷̆̅̇˷, ̅̈̄̅˹˷̄̄̊̕ ̄˷ ̆̇˼˻̂̅˽˼̄̄̅̀ 

˵.˘. ˚˷̂˼̇́˿̄̒̃ ̋̅̇̃̊̂˼ [35] ̈ ̔̃̆˿̇˿̎˼-

̈́˿̃ ́̅̔̋̋˿̍˿˼̄̉̅̃ K, ̊̎˿̉̒˹˷̐̕˿̃ ˹̂˿-

̖̄˿˼ ˹̖˾́̅̈̉˿ [34]: 

 

 

2 ̂2
̉ ̇˷̈̎

̂2

˧К ̍˻ 1

1 ctg
.

sin
1

1

K

z K D



  
 






 (3) 

˛̖̂ ̈̉̊̆˼̄˿, ̇˷˾̇˷˸˷̉̒˹˷˼̃̅̀ ̆̅ ̋̅̇̃̊-

̂˷̃ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̄˼̅˸̌̅˻˿̃̅ 

̆̇̅˿˾˹˼̈̉˿ ̆̅˿̈́ ˾̄˷̎˼̄˿̖ K, ̅˸˼̈̆˼̎˿˹˷-

̐̕˼˺̅ ˾˷˻˷̄̄̅˼ ̉ ̇˷̈̎. ˛̖̂ ̔̉̅˺̅ ˹˼˻˼̖̉̈ ̆̅-
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˿̈́ ˿̈́̅̃̅˺̅ ˾̄˷̎˼̄˿̖ K ̃˼̉̅˻̅̃ ˻̇̅˸̄̒̌ 

̏˷˺̅˹ ˹ ˸̅̂̓̏̊̕ ˿̂˿ ̃˼̄̓̏̊̕ ̈̉̅̇̅̄̊ ̅̉ 
̉˼́̊̐˼˺̅. В ́̅̄̍˼ ̈̉˷̉̓˿ ̆̇˿˹˼˻˼̄̒ ̆̇˿̃˼̇̒ 

̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̈̉̊̆˼̄˼̀ ̆̇˿  

ˣu  0,70, k  1,4. ˞˷˻˷̄̄̒˼ ˾̄˷̎˼̄˿̖ ̉ ̇˷̈̎ 
̅˸˼̈̆˼̎˼̄̒ ˾˷ ̈̎˼̉ ̆̅˻̅˸˷̐̕˼˺̅ ˹̒˸̅̇˷ ̅̉-
̄̅̈˿̉˼̂̓̄̅̀ ˹̒̈̅̉̒ ̂̅̆˷̉̅́.  

ǑǲоǥǲǢммǢ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ 

˦̅ ̇˷˾̇˷˸̅̉˷̄̄̅̃̊ ̃˼̉̅˻̊ ̈˻˼̂˷̄˷ ̆̇̅-

˺̇˷̃̃˷ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ «˦˼̇-

˹˿̎̄̅˼ ̆̇̅˼́̉˿̇̅˹˷̄˿˼ ˿ ̇˷̈̎˼̉ ̈˼̃˼̀̈̉˹˷ 

̌˷̇˷́̉˼̇˿̈̉˿́ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̄̒̌ 

̈̉̊̆˼̄˼̀» ̄˷ ˸˷˾˼ 6-̀ ˹˼̇̈˿˿ ̆̇̅˺̇˷̃̃̒ 

«˧˷̈̎˼̉ ̈˼̃˼̀̈̉˹˷ ̌˷̇˷́̉˼̇˿̈̉˿́ ̍˼̄̉̇̅˸˼˽-

̄̒̌ ́̅̃̆̇˼̈̈̅̇̄̒̌ ̈̉̊̆˼̄˼̀» (7-̖ ˹˼̇̈˿̖ 

ˣ˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ̅̇˿-

˼̄̉˿̇̅˹˷̄˷ ̄˷ ̆̇̅˼́̉˿̇̅˹˷̄˿˼ ̉̇˷̄̈- ˿ 

̈˹˼̇̌˾˹̊́̅˹̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ [41–43]). ˦̇̅-

˺̇˷̃̃˷ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̈̅̌̇˷̄˿-

̂˷ ̋̊̄́̍˿˿ ̆̇˼˻̏˼̈̉˹˼̄̄˿̍̒ ˿ ˿̃˼˼̉ ̉̇˿ 

̇˼˽˿̃˷ ̇˷˸̅̉̒: 

̇˷̈̎˼̉ ̌˷̇˷́̉˼̇˿̈̉˿́ ̈̉̊̆˼̄˿ ̈ ̇˷˾̃˼̇˷̃˿, 

˹˹˼˻˼̄̄̒̃˿ ̆̅̂̓˾̅˹˷̉˼̂˼̃; 

̇˷̈̎˼̉ ̌˷̇˷́̉˼̇˿̈̉˿́ ̈̉̊̆˼̄˿ ̈ ̇˷˾̃˼̇˷̃˿, 

̆̅̂̊̎˼̄̄̒̃˿ ˹ ̆̇̅˺̇˷̃̃˼ ̅̆̉˿̃˷̂̓̄̅˺̅ ̆̇̅-

˼́̉˿̇̅˹˷̄˿̖ ̄˷ ˸˷˾˼ ̃˷̉˼̃˷̉˿̎˼̈́˿̌ ̃̅˻˼̂˼̀. 

˧˷˾̃˼̇̒ ˿ ̆˷̇˷̃˼̉̇̒ ̅̆̉˿̃˷̂̓̄̅˺̅ ˹˷̇˿˷̄̉˷ 
˷˹̉̅̃˷̉˿̎˼̈́˿ ̆˼̇˼˻˷̖̉̈̕ ˹ ̆̇̅˺̇˷̃̃̊ ̇˷̈̎˼-
̉˷ ̈˼̃˼̀̈̉˹˷ ̌˷̇˷́̉˼̇˿̈̉˿́; 

̆̇̅˿˾˹̅˻˿̃̒̀ ̇˷̈̎˼̉ ̇˷˾̃˼̇̅˹ ˿ ̋̅̇̃̒ 

̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̆̅ ̊́˷˾˷̄˿̕ ̆̅̂̓˾̅˹˷̉˼̖̂ ˹̒-

̖̆̅̂̄˼̖̉̈ ̆̅ ̇˷˾̇˷˸̅̉˷̄̄̅̃̊ ̃˼̉̅˻̊ ̆˼̇˹˿̎̄̅-

˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̅˸̅˸̐˷̐̕˼̃̊ ̇˼˾̊̂̓̉˷̉̒ 

˿˾̊̎˼̄˿̖ ̆˷̇˷̃˼̉̇̅˹ 124 ̅̆̉˿̃˿˾˿̇̅˹˷̄̄̒̌ 
̇˷˸̅̎˿̌ ́̅̂˼̈. ˤ˼̆̅˻˹˿˽̄̒˼ ̔̂˼̃˼̄̉̒ ̇˷̈̈̎˿-

̉̒˹˷̖̉̈̕ ̆̅ ̃˼̉̅˻˿́˼ ˿˾ ̇˷˸̅̉̒ [39]. 

ˤ˷ ̇˿̈. 2 ̈̂˼˹˷ ̆̅́˷˾˷̄̅ ̃˼̄̕ ˹˹̅˻˷ ̆˷̇˷-
̃˼̉̇̅˹ ˻̖̂ ̇˷̈̎˼̉˷ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿̌ ̌˷̇˷́̉˼-
̇˿̈̉˿́. 

 

 
 

˧˿̈. 2. ˦̇̅˺̇˷̃̃˷ «˦˼̇˹˿̎̄̅˼ ̆̇̅˼́̉˿̇̅˹˷̄˿˼ ˿ ̇˷̈̎˼̉ ̈˼̃˼̀̈̉˹˷ ̌˷̇˷́̉˼̇˿̈̉˿́ ̍˼̄̉̇̅˸˼˽̄̒̌  

́̅̃̆̇˼̈̈̅̇̄̒̌ ̈̉̊̆˼̄˼̀»: ̃˼̄̕ ˹˹̅˻˷ ̆˷̇˷̃˼̉̇̅˹ ̈̉̊̆˼̄˿ ˻̖̂ ̇˷̈̎˼̉˷ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿̌  

̌˷̇˷́̉˼̇˿̈̉˿́ (̈̂˼˹˷) ˿ ˹˹̅˻˷ ̆˷̇˷̃˼̉̇̅˹ ̈̉̊̆˼̄˿ ˻̖̂ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ (̈̆̇˷˹˷) 

Fig. 2. Program «Primary design and calculation of the centrifugal compressor stage characteristics»: Input menu  

of stage parameters for gas-dynamic characteristics calculation (left) and menu of stage parameters  

for primary design (right) 
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В˼̖̖̇̌̄ ̂˿̄˼̀́˷ ̅́̅̄ ̆̅˾˹̖̅̂˼̉ ˹̒˸̇˷̉̓ 
̉˿̆̒ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷, ˻˿̋̋̊˾̅̇˷, ˹̒̌̅˻̄̅˺̅ 

̊̈̉̇̅̀̈̉˹˷. ˦̅̃˿̃̅ ˹˹̅˻˷ ́̇˿̉˼̇˿˼˹ ̆̅˻̅˸˿̖ ˿ 

̇˷˾̃˼̇̅˹, ˼̈̉̓ ̖̇˻ ́̄̅̆̅́ ˻̖̂ ˾˷̆̊̈́˷ ̅̆̍˿̀, 

̅˸̂˼˺̎˷̐̕˿̌ ̇˷̈̎˼̉ ˿ ̆̅˾˹̖̅̂̐̕˿̌ ˹̒˸̇˷̉̓ 
˹˷̇˿˷̄̉̒ ̃˷̉˼̃˷̉˿̎˼̈́˿̌ ̃̅˻˼̂˼̀ К˦˛ ˿ ̄˷̆̅-

̇˷ ˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̅̈̅˸˼̄̄̅̈̉˼̀ ̇˼̏˷˼̃̅̀ ˾˷-
˻˷̎˿. ˤ˷ ̇˿̈. 2, ̈̆̇˷˹˷ ̆̅́˷˾˷̄̅ ̅́̄̅ ˹˹̅˻˷ ̆˷-
̇˷̃˼̉̇̅˹ ˻̖̂ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖. 

˧˷̈̈̎˿̉˷̄̄̒˼ ̇˷˾̃˼̇̒ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́-

̉˿̇̅˹˷̄˿̖ ̈̉̊̆˼̄˿ ̅̉̇˷˽˷̖̉̈̕ ˹ ̅́̄˼ (̇˿̈. 2, 

̈̂˼˹˷). ˦̇˿ ̄˷˽˷̉˿˿ ́̄̅̆́˿ «˞˷̆˿̈̓ ̇˷˾̃˼̇̅˹ 

˻̖̂ 3˛ˣ» ̋̅̇̃˿̖̇̊̉̈̕ tmp-̋˷̀̂̒, ̆̅ ́̅̉̅-

̇̒̃ ̆̇̅˺̇˷̃̃˷ 3˛ˣ.023 ̇˷̈̈̎˿̉̒˹˷˼̉ ˻˿˷-
˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ̇˷˸̅̎˿̌ ́̅̂˼̈.  

ВǧǲǪǶǪǬǢǸǪȁ мǧǴоǦǢ ǱǧǲǤǪǹǯоǥо  

ǱǲоǧǬǴǪǲоǤǢǯǪȁ ǒК 

В̒˸̅̇ ̇˷˾̃˼̇̅˹ ̆̇˿ ̆˼̇˹˿̎̄̅̃ ̆̇̅˼́̉˿-

̇̅˹˷̄˿˿ ̅̈̄̅˹˷̄ ̄˷ ̅˸̅˸̐˼̄˿˿ ̆˷̇˷̃˼̉̇̅˹ 

124 ̇˷˸̅̎˿̌ ́̅̂˼̈, ̇˷̈̈̃̅̉̇˼̄̄̒̌ ̇˷̄˼˼. ˴̉˿ 

́̅̂˼̈˷ ˿̃˼̉̕ ˻˿̈́̇˼̉̄̒˼ ˾̄˷̎˼̄˿̖ ̆˷̇˷̃˼̉-
̇̅˹ ̆̇̅˼́̉˿̇̅˹˷̄˿̖: 

˫̇˷̈̎ = 0,015; 0,028; 0,0346; 0,0526; 0,080; 

0,0936; 0,1095; 0,128; 0,15; 

̉ ̇˷̈̎ = 0,40; 0,482; 0,581; 0,70; 

ɜɬD = 0,25; 0,30; 0,35; 0,40 (˧˧К); 0,25; 0,30; 

0,35 (˥˧К). 

˧˷̈̎˼̉̒ ̔̉˿̌ ˧К ˹̖̒̆̅̂̄̂˿̈̓ ̆̇˿ ́̇˿̉˼-
̇˿̖̌ ̆̅˻̅˸˿̖ Mu = 0,70, k = 1,4 ˿ ̉̅̂̐˿̄˼ ̂̅-

̆˷̉̅́ ɥ 0,12.   ˜̈̂˿ ̆̇˿ ̆̇̅̃˼˽̊̉̅̎̄̒̌ ˾̄˷-

̎˼̄˿̖̌ ˫̇˷̈̎, ̉ ̇˷̈̎, ɜɬD  ˿ ̅̉̂˿̎̄̒̌ ̅̉ ̆̇˿˹˼-

˻˼̄̄̒̌ ˹̒̏˼ ˾̄˷̎˼̄˿̖̌ ˣu, k ˿ ɥ  ̆˼̇˹˿̎̄̒̀ 

̆̇̅˼́̉ ̊˻̅˹̂˼̉˹̖̅̇˼̉ ̉̇˼˸̅˹˷̄˿̖̃, ˹˼̇˿̋˿-

́˷̍˿̖ ̃˼̉̅˻˷ ̊̈̆˼̏̄˷. 

ǑǲǪмǧǲ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ  

мǢǭоǲǢǳǷоǦǯоǥо ǒǒК 

˦˷̇˷̃˼̉̇  ̒ ̃˷̂̅̇˷̈̌̅˻̄̅˺  ̅ ˧˧К 0,022-0,52-

029 ̅̎˼˹˿˻̄̒ ˿˾ ˼˺̅ ̄˷˾˹˷̄˿̖. ˦̇̅˼́̉ ˹̒̆̅̂̄˼̄ 

̆̇  ˿Mu
 = 0,56, k = 1,32  ˿̉̅̂̐˿̄  ˼̂̅̆˷̉̅́ ɥ = 0,012. 

В̈˼ ̆˷̇˷̃˼̉̇̒ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̅̉̂˿̎̄̒ ̅̉ ̂˿-

̄˼̀́˿ ̆˷̇˷̃˼̉̇̅˹ 124 ̇˷̈̈̃̅̉̇˼̄̄̒̌ ́̅̂˼̈.  

ˤ˷̎˷̂̓̄̒˼ ̆˷̇˷̃˼̉̇̒ ˿ ̇˷˾̃˼̇̒ ˧˧К 

0,022-0,52-029 ̆˼̇˼˻˷̖̉̈̕ ˹ ̆̇̅˺̇˷̃̃̊ ̇˷̈̎˼-
̉˷ ˻˿˷˺̇˷̃̃ ̈́̅̇̅̈̉˼̀ ̄˼˹̖˾́̅˺̅ ́˹˷˾˿̉̇˼̌-

̃˼̇̄̅˺̅ ̆̅̉̅́˷ – 3˛ˣ.023; ̆̇̅˿˾˹̅˻˿̖̉̈ ̇˷-
̈̎˼̉. ˧˿̈. 3 ˻˼̃̅̄̈̉̇˿̇̊˼̉ ̇˼˾̊̂̓̉˷̉ ̇˷̈̎˼̉̅˹ 

˹ ̆̇̅˺̇˷̃̃˼ 3˛ˣ.023. 

˛˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ˻˼̃̅̄̈̉̇˿̇̊̉̕ ́˷-
̎˼̈̉˹̅ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖: 

̈̇˼˻̖̖̄ ̄˷˺̇̊˾́˷ ̂̅̆˷̉̅́ – ˹ ̆̇˼˻˼̂˷̌ ̇˼-
́̅̃˼̄˻˷̍˿̀; 

˹˻̅̂̓ ˾˷˻̄˼̀ ̆̅˹˼̇̌̄̅̈̉˿ ̈́̅̇̅̈̉̓ ̆̇˷́-

̉˿̎˼̈́˿ ̖̆̅̈̉̅̄̄˷, ̎̉̅ ̅˸˼̐˷˼̉ ̅̉̈̊̉̈̉˹˿˼ 
̅̉̇̒˹˷ ̆̅̉̅́˷; 

˹̌̅˻ ̄˷ ̆˼̇˿̋˼̇˿˿, ̄˷ ̈̇˼˻̄˼̀ ̆̅˹˼̇̌̄̅-

̈̉˿ ˿ ̊ ˹̉̊̂́˿ ̆̇˷́̉˿̎˼̈́˿ ˸˼˾̊˻˷̇̄̒̀. 

˦̇˿ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ 124 ̖̊̆̅̃̄̊̉̒̌  
˹̒̏˼ ˧К ̅˸˼̈̆˼̎˼̄˿˼ ˾˷˻˷̄̄̅˺̅ ˾̄˷̎˼̄˿̖ 

̉ ̇˷̈̎
 
̆̇̅˹˼̖̇̂̅̈̓ ̆̅ ˹˼̂˿̎˿̄˼ ́̅̔̋̋˿̍˿˼̄̉˷ 

̄˷̆̅̇˷ ̆̇˿ ̄˼˹̖˾́̅̃ ̉˼̎˼̄˿˿ ̉ ˿˻. ˜˺̅ ̅˸̅-

˾̄˷̎˼̄˿˼ ̄˷ ̇˿̈. 3 – «PSTid». ˦̅ ̇˼˾̊̂̓̉˷̉˷̃ 

˷̄˷̂˿˾˷ ̌˷̇˷́̉˼̇˿̈̉˿́ ̃̅˻˼̂̓̄̒̌ ̈̉̊̆˼̄˼̀ 

̈˼̃˼̀̈̉˹˷ 20˨˜ [44] ˸̒̂̅ ̆̇˿̖̄̉̅ ̔̃̆˿̇˿̎˼-
̈́̅˼ ̈̅̅̉̄̅̏˼̄˿˼ ̉ ̇˷̈̎ / ̉ ˿˻

 
= 0,93. ˛̖̂ ˧˧К 

0,022-0,52–029 ˾̄˷̎˼̄˿˼ ̉ ˿˻ ˻̅̂˽̄̅ ˸̒̉̓ 

̇˷˹̄̅ 0,559. ˥̄̅ ̆̅̂̊̎˿̂̅̈̓ ̇˷˹̄̒̃ 0,55. ˩̅ 

˼̈̉̓ ̆̅ ̆˼̇˹˿̎̄̅̃̊ ̆̇̅˼́̉̊ ̄˼˻̅˸̅̇ ́̅̔̋̋˿-

̍˿˼̄̉˷ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ ̈̅̈̉˷˹̖̂˼̉ ̄˼-
˸̅̂̓̏̊̕ ˹˼̂˿̎˿̄̊ – 1,6 %. ˴̉̅ ̃̅˽˼̉ ˸̒̉̓ 

́̅̃̆˼̄̈˿̇̅˹˷̄̅ ̆̇˿ ̅́̅̄̎˷̉˼̂̓̄̅̀ ̅̆̉˿̃˿-

˾˷̍˿˿ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿. 

ǑǲǪмǧǲ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ ǳǲǧǦǯǧǲǢǳ-
ǷоǦǯоǥо ǒǒК 

˦˷̇˷̃˼̉̇̒ ̈̇˼˻̄˼̇˷̈̌̅˻̄̅˺̅ ˧˧К 0,077-

0,63-038 ̅̎˼˹˿˻̄̒ ˿˾ ˼˺̅ ̄˷˾˹˷̄˿̖. ˦̇̅˼́̉ 
˹̒̆̅̂̄˼̄ ̆̇˿ Mu = 0,83, k = 1,55 ˿ ̉̅̂̐˿̄˼ 
̂̅̆˷̉̅́ ɥ = 0,010. В̈˼ ̆˷̇˷̃˼̉̇̒ ̆̇̅˼́̉˿̇̅-

˹˷̄˿̖ ̅̉̂˿̎̄̒ ̅̉ ̂˿̄˼̀́˿ ̆˷̇˷̃˼̉̇̅˹ 124 

̇˷̈̈̃̅̉̇˼̄̄̒̌ ̇˷̄˼˼ ́̅̂˼̈.  
ˤ˷ ̇˿̈. 4 ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷̎˷̂̓̄̒˼ ̆˷̇˷-

̃˼̉̇̒, ̇˷˾̃˼̇̒ ˧˧К 0,077-0,63-038, ̈̌˼̃˷ 
̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿, ˹˿˻ ̂̅̆˷̉̅̎̄̅̀ ̇˼̏˼̉́˿ ˿ 

˻˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ̄˷ ̉̇˼̌ ̆̅˹˼̖̇̌̄̅̈̉̌ 

̉̅́˷ – ˻˷̄̄̒˼ ˿˾ ̆̇̅˺̇˷̃̃̒ 3˛ˣ.023. 
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˧˿̈. 3. ˦̇̅˺̇˷̃̃˷ 3˛ˣ.023. ˤ˷̎˷̂̓̄̒˼ ̆˷̇˷̃˼̉̇̒, ̇˷˾̃˼̇̒ ˧˧К 0,022-0,52-029, ̈̌˼̃˷ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿, 

˹˿˻ ̂̅̆˷̉̅̎̄̅̀ ̇˼̏˼̉́˿ (а) ˿ ˻˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ̄˷ ̉̇˼̌ ̆̅˹˼̖̇̌̄̅̈̉̌ ̉̅́˷ (ȁ) 

Fig. 3. 3DM.023 program. The initial parameters and size of the 2D impeller 0,022-0,52-029,  

flow path scheme (а), a blade row and velocity diagram on three stream line surfaces (ȁ) 

 

    
 

˧˿̈. 4. ˦̇̅˺̇˷̃̃˷ 3˛ˣ.023. ˤ˷̎˷̂̓̄̒˼ ̆˷̇˷̃˼̉̇̒, ̇˷˾̃˼̇̒ ˧˧К 0,077-0,63-038, ̈̌˼̃˷ ̆̇̅̉̅̎̄̅̀  

̎˷̈̉˿ (а), ˹˿˻ ̂̅̆˷̉̅̎̄̅̀ ̇˼̏˼̉́˿ ˿ ˻˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ̄˷ ̉̇˼̌ ̆̅˹˼̖̇̌̄̅̈̉̌ ̉̅́˷ (ȁ) 

Fig. 4. 3DM.023 program. The initial parameters and size of the 2D impeller 0,077-0,63-038,  

flow path scheme (а), a blade row and velocity diagram on three stream line surfaces (ȁ) 

 

˪ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ̈ ˻̅̈̉˷̉̅̎̄̅ ˸̅̂̓-

̏˿̃ ́̅̔̋̋˿̍˿˼̄̉̅̃ ̄˷̆̅̇˷ ˾˷̃˼˻̂˼̄˿˼ ̆̅-

̉̅́˷ ̄˷ ˾˷˻̄˼̀ ̆̅˹˼̇̌̄̅̈̉˿ ̄˼˿˾˸˼˽̄̅. ˤ̅ 

˹ ̍˼̂̅̃ ˻˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ˸̂˷˺̅̆̇˿̖̉-
̄̒˼. ˤ˼˸̅̂̓̏̅̀ ̆̅̂̅˽˿̉˼̂̓̄̒̀ ̊˺̅̂ ˷̉˷-

́˿ ̄˷ ˹̈˼̌ ̉̇˼̌ ̅̈˼̈˿̃̃˼̉̇˿̎̄̒̌ ̆̅˹˼̇̌-

̖̄̅̈̉̌ ̆̇˿˼̃̂˼̃. ˥̉̄̅̏˼̄˿˼ ̉ ̇˷̈̎ / ̉ ˿˻ =  

= 0,63/0,678 = 0,929 ̆̇˷́̉˿̎˼̈́˿ ̇˷˹̄̅ ˾̄˷-

̎˼̄˿̕ 0,93, ̆̇˿̖̄̉̅̃̊ ˻̖̂ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅-

˼́̉˿̇̅˹˷̄˿̖. 

а) ȁ)

а) ȁ) 
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˧˿̈. 5. ˦̇̅˺̇˷̃̃˷ 3˛ˣ.023. ˛˿˷˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ˥˧К 0132-0,545-0265: ̈̂˼˹˷ –  

̆̅ ̇˼˾̊̂̓̉˷̉˷̃ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̈̆̇˷˹˷ – ̆̅̈̂˼ ̄˼˾̄˷̎˿̉˼̂̓̄̅̀ ́̅̇̇˼́̉˿̇̅˹́˿ 

Fig. 5. 3DM.023 program. 3D impeller 0132-0,545-0265 velocity diagram: by results  

of primary design – on the left, after minor adjustment – on the right 

 

ǑǲǪмǧǲ ǱǧǲǤǪǹǯоǥо ǱǲоǧǬǴǪǲоǤǢǯǪȁ  

ǤǽǳоǬоǲǢǳǷоǦǯоǥо ǐǒК 

˧˷˸̅̎˼˼ ́̅̂˼̈̅ ˥˧К 0132-0,545-0265 ̈̆̇̅-

˼́̉˿̇̅˹˷̄̅ ̆̇˿ Mu = 0,90, k = 1,60.  

ˤ˷ ̇˿̈. 5 ̈̂˼˹˷ ̆̅́˷˾˷̄̒ ˻˿˷˺̇˷̃̃̒ ̈́̅-

̇̅̈̉˼̀ ˥˧К 0132-0,545-0265 ̆̅ ̇˼˾̊̂̓̉˷̉˷̃ 

̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖. ˨̆̇˷˹˷ – ˻˿˷-
˺̇˷̃̃̒ ̈́̅̇̅̈̉˼̀ ̆̅̈̂˼ ̄˼˾̄˷̎˿̉˼̂̓̄̅̀ ́̅̇-

̇˼́̉˿̇̅˹́˿. 

В˿˻ ˻˿˷˺̇˷̃̃ ̈́̅̇̅̈̉˼̀ ̈̅̅̉˹˼̉̈̉˹̊˼̉ 
̆̇˿̄̍˿̆˷̃ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̄̅ ̅̉̄̅̏˼̄˿˼ 
̉ ̇˷̈̎ / ̉ ˿˻ = 0,545/0,596 = 0,914 ̊́˷˾̒˹˷˼̉ ̄˷ 
̄˼˸̅̂̓̏̅˼ ̆̇˼˹̒̏˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ ̉˼̅̇˼-
̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷. ˤ˼˸̅̂̓̏̅̀ ̅̉̇˿̍˷̉˼̂̓̄̒̀ 

̊˺̅̂ ˷̉˷́˿ ̄˷ ̆˼̇˿̋˼̇˿˿ ̃̅˽̄̅ ̊̃˼̄̓̏˿̉̓. 

˛̖̂ ́̅̇̇˼́̉˿̇̅˹́˿ ̅́˷˾˷̂̅̈̓ ˻̅̈̉˷̉̅̎̄̒̃ 

̊̃˼̄̓̏˿̉̓ ̄˷ 1 ̏̉. ̎˿̈̂̅ ̂̅̆˷̉̅́ ˿ ̊˹˼̂˿̎˿̉̓ 
̄˷ ̅˻˿̄ ˺̇˷˻̊̈ ˹̌̅˻̄̅̀ ̊˺̅̂ ̂̅̆˷̉̅́. ˥̉̄̅-

̏˼̄˿˼ ̉ ̇˷̈̎ / ̉ ˿˻ = 0,545/0,589 = 0,925 ̄˼˾̄˷-
̎˿̉˼̂̓̄̅ ̅̉̂˿̎˷˼̖̉̈ ̅̉ ˾̄˷̎˼̄˿̖ 0,93, ̆̇˿̖̄-

̉̅˺̅ ̆̇˿ ̅̆̉˿̃˷̂̓̄̅̃ ̆̇̅˼́̉˿̇̅˹˷̄˿˿. 

ǐбǳǵǨǦǧǯǪǧ ǲǧǩǵǭǾǴǢǴоǤ 

˦̇˼˻̂̅˽˼̄̄˷̖ ̃˼̉̅˻˿́˷ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́-

̉˿̇̅˹˷̄˿̖ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̄̒̌ ̈̉̊-

̆˼̄˼̀ ˸̒̂˷ ˷̆̇̅˸˿̇̅˹˷̄˷: ̇˼˾̊̂̓̉˷̉̒ ̆̇̅˼́̉˿-

̇̅˹˷̄˿̖ ̈̇˷˹̄˿˹˷̂˿̈̓ ̈ ̇˷̈̎˼̉˷̃˿ ̆̅ ̆̇̅˺̇˷̃-

̃˼ ̄˼˹̖˾́̅˺̅ ́˹˷˾˿̉̇˼̌̃˼̇̄̅˺̅ ̇˷̈̎˼̉˷. А̄˷̂˿˾ 
˻˿˷˺̇˷̃̃ ̇˷̈̆̇˼˻˼̂˼̄˿̖ ̈́̅̇̅̈̉˼̀ ̆̅ ̆̅˹˼̇̌-
̖̄̅̈̉̃ ̂̅̆˷̉̅́ ̆̅́˷˾˷̂, ̎̉̅ ̇˷˾̃˼̇̒ ˿ ̋̅̇̃˷ 
̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷, ̆̅̂̊̎˷˼̃˷̖ ˹ 

̇˼˾̊̂̓̉˷̉˼ ̆̇̅˼́̉˿̇̅˹˷̄˿̖, ̅˸˼̈̆˼̎˿˹˷˼̉ ˼˺̅ 

̔̋̋˼́̉˿˹̄̊̕ ̇˷˸̅̉̊. ˧˷̈̈̎˿̉̒˹˷̂˿̈̓ ̈̉̊̆˼̄˿ 

́˷́ ̇˷˻˿˷̂̓̄̒̌, ̉˷́ ˿ ̅̈˼̇˷˻˿˷̂̓̄̒̌ ̇˷˸̅̎˿̌ 
́̅̂˼̈ ̈ ̇˷˾̂˿̎̄̒̃˿ ̇˷̈̎˼̉̄̒̃˿ ́̅̔̋̋˿̍˿˼̄-

̉˷̃˿ ̇˷̈̌̅˻˷ ˿ ̄˷̆̅̇˷. ˴̉̅ ̅˸˼̈̆˼̎˿̂̅ ̔̋̋˼́-

̉˿˹̄̊̕ ̆̇̅˹˼̇́̊ ̇˼˷̂˿˾̅˹˷̄̄̒̌ ˿˾̃˼̄˼̄˿̀ ˹ 

̃˷̉˼̃˷̉˿̎˼̈́̅̀ ̃̅˻˼̂˿. 

В̄˼̈˼̄̄̒˼ ˿˾̃˼̄˼̄˿̖ ˹ ˿̄˽˼̄˼̇̄̅̀ ̆̇̅-

˺̇˷̃̃˼ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃-

̆̇˼̈̈̅̇̅˹ ˣ˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅-

˹˷̄˿̖ ̅́˷˾˷̂˿̈̓ ̔̋̋˼́̉˿˹̄̒̃˿ ˿ ̃̅˺̊̉ ̄˷̀̉˿ 

̆̇˷́̉˿̎˼̈́̅˼ ̆̇˿̃˼̄˼̄˿˼ ̆̇˿ ̇˼˷̂˿˾˷̍˿˿ ̄̅-

˹̒̌ ̆̇̅˼́̉̅˹ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹. 

ǉǢǬǭȀǹǧǯǪǧ 

˦̇˼˻̂̅˽˼̄̄̒̀ А. ˧˼́̈̉˿̄̒̃ ˿ ˵. ˚˷̂˼̇-

́˿̄̒̃ ̃˼̉̅˻ ̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˻̅-

̆̅̂̄˼̄ ̃˼̉̅˻̅̃ ̇˷̈̎˼̉˷ ̅̉̄̅̈˿̉˼̂̓̄̅̀ ˹̒̈̅-

̉̒ ̂̅̆˷̉̅́ ̄˷ ˹̒̌̅˻˼ ˿˾ ̇˷˸̅̎˿̌ ́̅̂˼̈, ̅˸˼̈-
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̆˼̎˿˹˷̐̕˿̃ ˾˷˻˷̄̄̒̀ ́̅̔̋̋˿̍˿˼̄̉ ̉˼̅̇˼̉˿-

̎˼̈́̅˺̅ ̄˷̆̅̇˷ ˹ ̏˿̇̅́̅̃ ˻˿˷̆˷˾̅̄˼ ́̇˿̉˼-
̇˿˼˹ ̈˽˿̃˷˼̃̅̈̉˿. ˨̅˾˻˷̄̄˷̖ ̄˷ ̅̈̄̅˹˼ ̔̉˿̌ 

̃˼̉̅˻˿́ ˿ ˣ˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅-

˹˷̄˿̖ ̆̇̅˺̇˷̃̃˷ «˦˼̇˹˿̎̄̅˼ ̆̇̅˼́̉˿̇̅˹˷̄˿˼ 
˿ ̇˷̈̎˼̉ ̈˼̃˼̀̈̉˹˷ ̌˷̇˷́̉˼̇˿̈̉˿́ ̍˼̄̉̇̅˸˼˽-

̄̒̌ ́̅̃̆̇˼̈̈̅̇̄̒̌ ̈̉̊̆˼̄˼̀» ̆̅́˷˾˷̂˷ ̈˼˸̖ 

̄˷˻˼˽̄̒̃ ˿ ̊˻̅˸̄̒̃ ˿̄̈̉̇̊̃˼̄̉̅̃ ˺˷˾̅˻˿-

̄˷̃˿̎˼̈́̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖.  

ǑǲǪǭоǨǧǯǪǧ 
ǳȑȋȎвȍțȅ ȎȁȎȇȍаȗȅȍȈȟ: 

1b  – ˹̒̈̅̉˷ ̂̅̆˷̉̅́ ̄˷ ˹̌̅˻˼; 2b  – ˹̒̈̅̉˷ ̂̅̆˷-
̉̅́ ̄˷ ˹̒̌̅˻˼; D2 – ̄˷̇̊˽̄̒̀ ˻˿˷̃˼̉̇ ̇˷˸̅̎˼˺̅ ́̅-

̂˼̈˷; D  – ̅̉̄̅̈˿̉˼̂̓̄̒̀ ˻˿˷̃˼̉̇; ˹̉D  – ˹̉̊̂̅̎̄̅˼ 
̅̉̄̅̏˼̄˿˼; k – ̆̅́˷˾˷̉˼̂̓ ˿˾̅̔̄̉̇̅̆̒; K̍˻ – ́̅̔̋-

̋˿̍˿˼̄̉ ̆̅̂̅˽˼̄˿̖ ̍˼̄̉̇˷ ˻˷˹̂˼̄˿̖ ˻˿˷˺̇˷̃̃̒ 

̈́̅̇̅̈̉˼̀; rsL  – ̆̅̂̅˽˼̄˿˼ ˹̌̅˻̄̅̀ ́̇̅̃́˿ ̅̈˼̇˷-

˻˿˷̂̓̄̅˺̅ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷ ̄˷ ̆˼̇˿̋˼̇˿˿; rhL  – ̆̅-

̂̅˽˼̄˿˼ ˹̌̅˻̄̅̀ ́̇̅̃́˿ ̅̈˼̇˷˻˿˷̂̓̄̅˺̅ ̇˷˸̅̎˼˺̅ 

́̅̂˼̈˷ ̄˷ ˹̉̊̂́˼; mL  – ̅̈˼˹˷̖ ˻̂˿̄˷; ˣu – ̊̈̂̅˹̄̅˼ 

̎˿̈̂̅ ˣ˷̌˷; SR  – ̅̉̄̅̈˿̉˼̂̓̄̒̀ ̇˷˻˿̊̈ ˾˷́̇̊˺̂˼-

̄˿̖ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷; hR  – ̅̉̄̅̈˿̉˼̂̓̄̒̀ ̇˷-
˻˿̊̈ ˾˷́̇̊˺̂˼̄˿̖ ̅̈̄̅˹̄̅˺̅ ˻˿̈́˷; z˧К – ̎˿̈̂̅ ̂̅̆˷-
̉̅́ ̇˷˸̅̎˼˺̅ ́̅̂˼̈˷; ˫̇˷̈̎ – ̇˷̈̎˼̉̄̒̀ ̊̈̂̅˹̄̒̀ 

́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷; ̉ ̇˷̈̎ – ̇˷̈̎˼̉̄̒̀ ́̅̔̋̋˿-

̍˿˼̄̉ ̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷; ̉ ˿˻ – ́̅̔̋̋˿̍˿˼̄̉˷ 
̉˼̅̇˼̉˿̎˼̈́̅˺̅ ̄˷̆̅̇˷ ̆̇˿ ̄˼˹̖˾́̅̃ ̉˼̎˼̄˿˿;  – 

̊˺̅̂ ̄˷́̂̅̄˷ ˹̌̅˻̄̅̀ ́̇̅̃́˿ ̂̅̆˷̉́˿; 2 – ̊˺̅̂ 

̄˷́̂̅̄˷ ̆̅́̇̒˹˷̐̕˼˺̅ ˻˿̈́˷;  – ̊˺̅̂ ̃˼˽˻̊ ̅̉̄̅-

̈˿̉˼̂̓̄̅̀ ̈́̅̇̅̈̉̓̕ ˿ ̅˸̇˷̉̄̒̃ ̅́̇̊˽̄̒̃ 

̄˷̆̇˷˹̂˼̄˿˼̃; ̂ – ̊˺̅̂ ̂̅̆˷̉́˿; ̂  – ̅̉̄̅̈˿̉˼̂̓-
̄˷̖ ̉̅̂̐˿̄˷ ̂̅̆˷̉́˿;  – ̆̂̅̉̄̅̈̉̓ ˺˷˾˷. 

ǯȎȄȑȒȐȎȗȍțȅ ȈȍȄȅȊȑț: 

0, 1, 2 – ˿̄˻˼́̈̒ ́̅̄̉̇̅̂̓̄̒̌ ̈˼̎˼̄˿̀; ̇˷̈̎ –

̖̅̉̄̅̈̐˿̖̀̈ ́ ̇˷̈̎˼̉̄̅̃̊ ̇˼˽˿̃̊ (̆̅ ̇˷̈̌̅˻̊). 

ǭаȄȑȒȐȎȗȍțȅ ȈȍȄȅȊȑț: 
* – ̅̉̄̅̈˿̖̉̈ ́ ̆̅̂̄̒̃ ̆˷̇˷̃˼̉̇˷̃ (̆˷̇˷̃˼̉̇̒ 

̉̅̇̃̅˽˼̄˿̖). 

ǃǭǢǥоǦǢǲǯоǳǴǾ 

˧˷˸̅̉˷ ˹̒̆̅̂̄˼̄˷ ˹ ̂˷˸̅̇˷̉̅̇˿˿ «˚˷˾̅˹˷̖  

˻˿̄˷̃˿́˷ ̉̊̇˸̅̃˷̏˿̄» ˥ˤ˩˟ ˨˦˸˦˪ ˦˼̉̇˷ В˼-
̂˿́̅˺̅, ́̅̉̅̇̊̕ ˹̅˾˺̂˷˹̖̂˼̉ ̆̇̅̋˼̈̈̅̇ ˻̅́̉̅̇ 

̉˼̌̄˿̎˼̈́˿̌ ̄˷̊́ ˵.˘. ˚˷̂ё̇́˿̄. А˹̉̅̇̒ ˹̒̇˷-

˽˷̉̕ ˼̃̊ ̆̇˿˾̄˷̉˼̂̓̄̅̈̉̓ ˾˷ ̆̅̈̉˷̄̅˹́̊ ˾˷˻˷̎˿ 

˿̈̈̂˼˻̅˹˷̄˿̖ ˿ ́̅̄̈̊̂̓̉˷̍˿˿ ̆̇˿ ˹̒̆̅̂̄˼̄˿˿ 

̇˷˸̅̉̒. 

˟̈̈̂˼˻̅˹˷̄˿˼ ˹̒̆̅̂̄˼̄̅ ˾˷ ̈̎˼̉ ˺̇˷̄̉˷ ˧̅̈-
̈˿̀̈́̅˺̅ ̄˷̊̎̄̅˺̅ ̋̅̄˻˷ (̆̇̅˼́̉ № 18-79-10165) 

СПИСОК ЛИТЕРАТУРЫ 

1. ǇǤǦоǬǪмоǤ В.Ǉ. ˘˷̄́ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̌ 

˻˷̄̄̒̌ ̆̅ ̃̅˻˼̂̓̄̒̃ ̈̉̊̆˼̖̄̃ ˿ ˿̌ ̔̂˼̃˼̄̉˷̃ ˻̖̂ 

̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˭Кˣ // ˩̊̇˸˿̄̒ ˿ ́̅̃̆̇˼̈̈̅̇̒. 

1997. № 3. ˨. 4. 

2. ǍȀбǪмоǤ А.Ǐ., ǇǤǦоǬǪмоǤ В.Ǉ. ˥ ̇˷̈̎˼̉˼ ˺˷-
˾̅˻˿̄˷̃˿̎˼̈́˿̌ ̌˷̇˷́̉˼̇˿̈̉˿́ ̈̉̊̆˼̄˿ ̍˼̄̉̇̅-

˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ // К̅̃̆̇˼̈̈̅̇̄˷̖ ̉˼̌̄˿́˷ ˿ 

̆̄˼˹̃˷̉˿́˷. 2012. № 7. C. 28–33. 

3. ǓǧмǢǬоǤ А.В., ǇǤǦоǬǪмоǤ В.Ǉ., ǒǧǱǲǪǯǸǧǤ А.И., 

ǍȀбǪмоǤ А.Ǐ. ˣ̅˻˼̇̄˿˾˷̍˿̖ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃-

̆̇˼̈̈̅̇̅˹ ̄˷ ˷˾̅̉̄̒̌ ̆̇̅˿˾˹̅˻̈̉˹˷̌ // К̅̃̆̇˼̈-
̈̅̇̄˷̖ ̉˼̌̄˿́˷ ˿ ̆̄˼˹̃˷̉˿́˷. 2013. № 3. C. 20–22. 

4. ǍȀбǪмоǤ А.Ǐ., ǇǤǦоǬǪмоǤ В.Ǉ., ǓǧмǢǬоǤ А.В., 

ǒǧǱǲǪǯǸǧǤ А.И. ˥˸ ˿̈̆̅̂̓˾̅˹˷̄˿˿ ̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̅-

˺̅ ˿ ̇˷̈̎˼̉̄̒̌ ̃˼̉̅˻̅˹ ̆̇˿ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ ̆̇̅̉̅̎-

̄̒̌ ̎˷̈̉˼̀ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ // К̅̃̆̇˼̈-
̈̅̇̄˷̖ ̉˼̌̄˿́˷ ˿ ̆̄˼˹̃˷̉˿́˷. 2014. № 6. C. 12–20. 

5. ǍǵǯǧǤ А.ǔ. ˨̉̇̊́̉̊̇˷ ̃˼̉̅˻˷ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ 

˿ ˿̈̆̒̉˷̄˿̖ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿ ̄˷˺̄˼̉˷̉˼̂˼̀ ˻̖̂ 

̆˼̇˼́˷̎˿˹˷̄˿̖ ̆̇˿̇̅˻̄̅˺̅ ˺˷˾˷ // К̅̃̆̇˼̈̈̅̇̄˷̖ 

̉˼̌̄˿́˷ ˿ ̆̄˼˹̃˷̉˿́˷. 2001. № 10. ˨. 4–7. 

6. ǍǵǯǧǤ А.ǔ. ˧˷˾̇˷˸̅̉́˷ ˹̒̈̅́̅̔̋̋˼́̉˿˹̄̒̌ 

̈̃˼̄̄̒̌ ̆̇̅̉̅̎̄̒̌ ̎˷̈̉˼̀ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃-

̆̇˼̈̈̅̇̅˹ ˺˷˾̅̆˼̇˼́˷̎˿˹˷̐̕˿̌ ˷˺̇˼˺˷̉̅˹: ˛˿̈. … 

́˷̄˻. ̉˼̌̄. ̄˷̊́. К˷˾˷̄̓, 2005. 123 ̈. 

7. Kabalyk K., Kryłłowicz W. Numerical modeling 

of the performance of a centrifugal compressor impeller 

with low inlet flow coefficient // Transactions of the insti-

tute of fluid-flow machinery. 2016. Vol. 131. P. 41–53. 

8. Kryłłowicz W., Świder P., Kozanecki Z., Kabalyk K, 

Kozanecki Jr Z. Technical and Aerodynamical Aspects 

of a High Pressure Synthesis Gas Turbocompressor 

Modernization // 12th European Conference on Tur-

bomachinery Fluid Dynamics and Thermodynamics. 

April 3–7, 2017, Stockholm, Sweden. 

9. Syka T. Luňáček O. Numerical simulation of ra-

dial compressor stage // EPJ WebofConferences. 45, 

01088 (2013). DOI: 10.1051/epjconf 20134501088 



 

88 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 25, №1, 2019

10. Pei-Yuan Li, Chu-Wei Gu, Yin Song. A. New 

Optimization Method for Centrifugal Compressors 

Based on 1D Calculations and Analyses // Energies. 

2015. Vol. 8. P. 4317-4334. DOI:10.3390/en8054317 

11. Schiff J. A preliminary design tool for radial 

compressors: Thesis for the Degree of Master of Science 

/ LTH Lund University. 2013. 171 p. 

12. Aungier R.H. Centrifugal Compressors: A 

Strategy for Aerodynamic Design and Analysis. ASME 

Press. 2000. ISBN 0-7918-0093-8, New York, USA. 

13. Casey M.A., Robinson C. Method to Estimate 

the Performance Map of a Centrifugal Compressor Stage 

// Journal of Turbomachinery. 2013. Vol. 135 / 021034 

14. Aungier R.H. Mean Streamline Aerodynamic 

Performance Analysis of Centrifugal Compressors // 

Transactions of the ASME. 1995. Vol. 117. 

15. Kangsoo Im. Development of a design method 

for centrifugal compressors. [text]: Ph. D. thesis / Mich-

igan State University. 2012. 160 p. 

16. Hazby H. Casey M., Robinson C., Spataro R. 

The design of a family of process compressor stages // Pro-

ceedings of 12th European Conference on Turbomachinery 

Fluid dynamics & Thermodynamics ETC12. April 3–7, 

2017. Stockholm, Sweden. Paper ID: ETC2017-134 

17. Japikse D., Krivitzky E.M. Radial stages with 

non-uniform pressures at diffuser inlet // Proceedings of 

the ASME Turbo Expo. Volume 2D-2016, Seoul; South 

Korea; 13 June 2016 – 17 June 2016; DOI: 

10.1115/GT2016-57956 

18. Japikse D. Turbomachinery design with an agile 

engineering system // JSME fluid engineering confer-

ence. Osaka. September 19–20. 2003. 

19. Stuart C., Spence S., Kim S.I., Filsinger D., 

Starke A. A 1-D Vaneless Diffuser Model Accounting 

for the Effects of Spanwise Flow Stratification // Pro-

ceedings of The International Gas Turbine Congress. Tokyo. 

2015. Gas Turbine Society of Japan. P. 485–494, 

20. Gong X., Chen R. Total pressure loss mecha-

nism of centrifugal compressors // Journal of Mechani-

cal Engineering Research. 2014. Vol. 4 (2). P. 45–59. 

21. Harley P., Spence S., Filsinger D., Dietrich M., 

Early J. An evaluation of 1D design methods for the off-

design performance prediction of automotive turbo-

charger compressors // Proceedings of ASME Turbo 

Expo 2012. GT2012. June 11–15, 2012, Copenhagen, 

Denmark GT2012-69743. 

22. Schneider M.. Bühler J., Hanna M., Schiffer H.-P., 

Leichtfuß S. Analytical loss prediction for turbocharger 

compressors // Proceedings of 11th European Confer-

ence on Turbomachinery Fluid dynamics & Thermody-

namics/ ETC11. March 23–27, 2015, Madrid, Spain. 

23. Felipe C., Favaretto F., Anderson M.R., Li S., 

Hu L. Development of a meanline model for prelimi-

nary design of recirculating casing treatment in turbo-

charger compressors // Proceedings of ASME Turbo 

Expo 2018 Turbomachinery Technical Conference and 

Exposition. GT2018. June 11–15, 2018, Oslo, Norway. 

24. Mounier V., Picard C., Schiffmann J. Data-

driven pre-design tool for small scale centrifugal com-

pressors in refrigeration // Proceedings of ASME Turbo 

Expo 2018 Turbomachinery Technical Conference and 

Exposition. GT2018. June 11–15, 2018, Oslo, Norway. 

25. Zamiri A., Chung J.T. Scale adaptive simulation 

of transient behavior in a transonic centrifugal compres-

sor with a vaned diffuser // Proceedings of ASME Turbo 

Expo 2018 Turbomachinery Technical Conference and 

Exposition. GT2018. June 11–15, 2018, Oslo, Norway. 

26. Harley P., Spence S., Filsinger D., Dietrich M., 

Early J. Meanline modeling of inlet recirculation in au-

tomotive turbocharger centrifugal compressors // Jour-

nal of Turbomachinery. 2015. Vol. 137 / 011007-1. 

DOI: 10.1115/1.4028247 

27. ǅǢǭǧǲǬǪǯ Ǡ.ǃ. ˫̅̇̃˿̇̅˹˷̄˿˼ ˹˾˺̖̂˻̅˹ ̄˷ 
̇˷˸̅̎˿˼ ̆̇̅̍˼̈̈̒ ˿ ̈̅˹̇˼̃˼̄̄̅˼ ̖̈̅̈̉̅̄˿˼ ˺˷˾̅-

˻˿̄˷̃˿̎˼̈́˿̌ ̃˼̉̅˻̅˹ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̆̇̅̃̒̏-

̂˼̄̄̒̌ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ // К̅̃̆̇˼̈-
̈̅̇̄˷̖ ̉˼̌̄˿́˷ ˿ ̆̄˼˹̃˷̉˿́˷. 2000. № 2. ˨. 9–14. 

28. ǅǢǭǧǲǬǪǯ Ǡ.ǃ., ǆǢǯǪǭоǤ К.А., ǑоǱоǤǢ Ǉ.Ǡ. 

˧˷˾˹˿̉˿˼ ̃˼̉̅˻˷ ̊̄˿˹˼̇̈˷̂̓̄̅˺̅ ̃̅˻˼̂˿̇̅˹˷̄˿̖ 

̇˷˸̅̎˼˺̅ ̆̇̅̍˼̈̈˷ ˭К. ˦̇̅˺̇˷̃̃̄̒˼ ́̅̃̆̂˼́̈̒ 

̆˼̇˹̅˺̅ ̊̇̅˹̖̄ (̉̇˼̉̓˼ ̆̅́̅̂˼̄˿˼). ˥̆̒̉ ̇˷˾̇˷˸̅̉-
́˿ ˿ ̆̇˷́̉˿̎˼̈́̅˺̅ ˿̈̆̅̂̓˾̅˹˷̄˿̖ ́̅̃̆̂˼́̈˷ ̉̇˼-
̉̓˼˺̅ ̊̇̅˹̖̄. ˨˦˸., 1995. 

29. ǅǢǭǧǲǬǪǯ Ǡ.ǃ., ǆǢǯǪǭоǤ К.А., ǑоǱоǤǢ Ǉ.Ǡ. 

ˮ˿̈̂˼̄̄̅˼ ̃̅˻˼̂˿̇̅˹˷̄˿˼ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈-
̈̅̇̄̒̌ ̈̉̊̆˼̄˼̀ (̋˿˾˿̎˼̈́˿˼ ̅̈̄̅˹̒, ̈̅˹̇˼̃˼̄̄̅˼ 
̖̈̅̈̉̅̄˿˼) // К̅̃̆̇˼̈̈̅̇̄˷̖ ̉˼̌̄˿́˷ ˿ ̆̄˼˹̃˷̉˿-

́˷. 1993. № 2.  

30. Galerkin Y.B., Mitrofanov V.P. Current Opti-

mum Design Methods in the Development of New 

Generations of Model Stages in Centrifugal Compres-

sors // Chemical and Petroleum Engineering July, 1996. 

Vol. 31, № 11-12. New York. USA. 1996. 

31. ǅǢǭǧǲǬǪǯ Ǡ.ǃ. ˤ˷̎˷̂̅ ̇˷˾˹˿̉˿̖ ̉˼̅̇˿˿ 

̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹ ˿ ̈̅˾˻˷̄˿˼ ˸˷˾˿̈˷ 

̔́̈̆˼̇˿̃˼̄̉˷̂̓̄̒̌ ˻˷̄̄̒̌ ̄˷ ́˷̋˼˻̇˼ ́̅̃̆̇˼̈̈̅-

̇̅̈̉̇̅˼̄˿̖ // ˨˸̅̇̄˿́ ̄˷̊̎̄̒̌ ̉̇̊˻̅˹ «ˤ˼́̅̉̅-

̇̒˼ ̆̇̅˸̂˼̃̒ ̔̄˼̇˺̅̃˷̏˿̄̅̈̉̇̅˼̄˿̖». ˨˦˸., 

1995. ˨. 22–30. 

32. ǅǢǭǧǲǬǪǯ Ǡ.ǃ., ǑоǱоǤǢ Ǉ.Ǡ., ǆǢǯǪǭоǤ К.А. 

˪̄˿˹˼̇̈˷̂̓̄˷̖ ̃̅˻˼̂̓ ̍˼̄̉̇̅˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅-

̇˷ – ̅̆̉˿̃˷̂̓̄̅˼ ̇˼̏˼̄˿˼ // ˩̇̊˻̒ ̄˼̃˼̍́̅˺̅ 



 

 

89 

Энергетика и электротехника

˿̄˽˼̄˼̇̄̅˺̅ ̅˸̐-˹˷. ˚˼̇̃˷̄˿̖, ˚˷̄̄̅˹˼̇. 28–29 

̈˼̖̄̉˸̖̇ 1995. C. 54–59. 

33. ǅǢǭǧǲǬǪǯ Ǡ.ǃ. ˣ˷̉˼̃˷̉˿̎˼̈́̅˼ ̃̅˻˼̂˿̇̅˹˷-
̄˿˼ ̈̉̊̆˼̄˼̀ ̍˼̄̉̇̅˸˼˽̄̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̄˷ ́˷̋˼˻̇˼ 
́̅̃̆̇˼̈̈̅̇̅̈̉̇̅˼̄˿̖ ˨˦6˚˩˪ (̋˿˾˿̎˼̈́˿˼ ̅̈̄̅˹̒, 

̈̅˹̇˼̃˼̄̄̅˼ ̖̈̅̈̉̅̄˿˼) // ˨̅̅˸̐˼̄˿̖ ˨̅̕˾˷ ̄˼̃˼̍-

́˿̌ ˿̄˽˼̄˼̇̅˹. ˚˷̄̄̅˹˼̇. ˚˼̇̃˷̄˿̖. № 947. 1992. 

34. ǅǢǭǧǲǬǪǯ, Ǡ.ǃ. ˩̊̇˸̅́̅̃̆̇˼̈̈̅̇̒. ˨˦˸.: 

˟˾˻-˹̅ Кˬ˩, 2010. 650 ̈. 
35. ǓǧǭǧǩǯǧǤ К.Ǒ., ǅǢǭǧǲǬǪǯ Ǡ.ǃ. ˭˼̄̉̇̅˸˼˽-

̄̒˼ ́̅̃̆̇˼̈̈̅̇̒. ˢ.: ˣ˷̏˿̄̅̈̉̇̅˼̄˿˼, 1982. 271 c. 

36. ǒǪǳ В.ǖ. ˭˼̄̉̇̅˸˼˽̄̒˼ ́̅̃̆̇˼̈̈̅̇̄̒˼ 

̃˷̏˿̄̒. ˢ.: ˣ˷̏˿̄̅̈̉̇̅˼̄˿˼, 1981. 351 ̈. 
37. ǆǧǯ ǅ.Ǐ. ˣ˼̌˷̄˿́˷ ̆̅̉̅́˷ ˹ ̍˼̄̉̇̅˸˼˽̄̒̌ 

́̅̃̆̇˼̈̈̅̇˷̌. ˢ.: ˣ˷̏˿̄̅̈̉̇̅˼̄˿˼, 1973. 268 ̈. 
38. ǍǪǤǺǪǸ Ǔ.Ǒ. А̔̇̅˻˿̄˷̃˿́˷ ̍˼̄̉̇̅˸˼˽̄̒̌ 

́̅̃̆̇˼̈̈̅̇̄̒̌ ̃˷̏˿̄ ˣ̅̈́˹˷; ˢ˼̄˿̄˺̇˷˻: ˣ˷-
̏˿̄̅̈̉̇̅˼̄˿˼, 1966. C. 335–337. 

39. ǅǢǭǧǲǬǪǯ Ǡ.ǃ., ǒǧǬǳǴǪǯ А.ǖ., ǓоǭǦǢǴоǤǢ К.В., 

ǆǲоǩǦоǤ А.А. А̄˷̂˿˾ ˺˼̅̃˼̉̇˿̎˼̈́˿̌ ˿ ˺˷˾̅˻˿̄˷̃˿-

̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̄̒̌ 

̈̉̊̆˼̄˼̀ ˹ ˻˼̖̈̉˿́̇˷̉̄̅̃ ˻˿˷̆˷˾̅̄˼ ̇˷̈̎˼̉̄̅˺̅ 

́̅̔̋̋˿̍˿˼̄̉˷ ̇˷̈̌̅˻˷ // К̅̃̆̇˼̈̈̅̇̄˷̖ ̉˼̌̄˿́˷ ˿ 

̆̄˼˹̃˷̉˿́˷. 2016. № 7. ˨. 32–43. 

40. ǒǧǬǳǴǪǯ А.ǖ., ǅǢǭǧǲǬǪǯ Ǡ.ǃ. ˥̈̅˸˼̄̄̅̈̉˿ 

̆˼̇˹˿̎̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̃˷̂̅̇˷̈̌̅˻̄̒̌ ̍˼̄-

̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈̈̅̇̄̒̌ ̈̉̊̆˼̄˼̀ // В˼̈̉̄˿́ 

˦˼̇̃̈́̅˺̅ ̄˷̍˿̅̄˷̂̓̄̅˺̅ ˿̈̈̂˼˻̅˹˷̉˼̂̓̈́̅˺̅ ̆̅-

̂˿̉˼̌̄˿̎˼̈́̅˺̅ ̊̄˿˹˼̇̈˿̉˼̉˷. 2018. ˩. 20, № 2. 

˨. 43–54. DOI: 10.15593/2224-9877/2018.2.06 

41. ǅǲǪǥоǲǾǧǤ А.В., ǓоǭоǤǾǧǤǢ А.В., ǅǢǭǧǲǬǪǯ Ǡ.ǃ., 

ǒǧǬǳǴǪǯ А.ǖ. В̅̆̇̅̈̒ ˷̔̇̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̆̇̅˼́-

̉˿̇̅˹˷̄˿̖ ̈˹˼̇̌˾˹̊́̅˹̒̌ ̍˼̄̉̇̅˸˼˽̄̒̌ ́̅̃̆̇˼̈-
̈̅̇̄̒̌ ̈̉̊̆˼̄˼̀ // К̅̃̆̇˼̈̈̅̇̄˷̖ ̉˼̌̄˿́˷ ˿ 

̆̄˼˹̃˷̉˿́˷. 2014. № 6. ˨. 21–27. 

42. ǒǧǬǳǴǪǯ А.ǖ., ǓоǭǦǢǴоǤǢ К.В., ǆǲоǩǦоǤ А.А. 

˥̈̅˸˼̄̄̅̈̉˿ ̃̅˻˼̂˿̇̅˹˷̄˿̖ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿̌ ̌˷-
̇˷́̉˼̇˿̈̉˿́ ˹̒̈̅́̅̄˷̆̅̇̄̒̌ ̍˼̄̉̇̅˸˼˽̄̒̌ ̈̉̊̆˼-
̄˼̀ // К̂˿̃̅˹̈́˿˼ ̎̉˼̄˿̖. ˦˼̇̈̆˼́̉˿˹̄̒˼ ̄˷̆̇˷˹-

̂˼̄˿̖ ˷˹˿˷˻˹˿˺˷̉˼̂˼̈̉̇̅˼̄˿̖. ˨˦˸., 2013. ˨. 45–55. 

43. Galerkin Y., Rekstin A., Soldatova K. Aerody-

namic designing of supersonic centrifugal compressor 

stages // International Conference on Numerical Meth-

ods in Industrial Processes. World Academy of science, 

engineering and technology. Paris 2015 Conference. 

Vol:9 No:01 2015. № 216. URL: http://www.waset.org 

/Publications/?path=Publications 

44. КǢǲǱоǤ А.Ǐ. ˣ˼̉̅˻˿́˷ ̃̅˻˼̂˿̇̅˹˷̄˿̖ 

̄˷̆̅̇̄̅̀ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̍˼̄̉̇̅˸˼˽̄̅˺̅ ́̅̃̆̇˼̈-
̈̅̇̄̅˺̅ ́̅̂˼̈˷ ̆̅ ̇˼˾̊̂̓̉˷̉˷̃ ˿̈̆̒̉˷̄˿̀ ̃̅˻˼̂̓-

̄̒̌ ̈̉̊̆˼̄˼̀.: ˛˿̈. … ́˷̄˻. ̉˼̌̄. ̄˷̊́ / ˨˦˸˚˦˪. 

˨˦˸., 2011. 137 ̈. 

СВЕДЕНИЯ ОБ АВТОРАХ  

ǆǒǐǉǆǐВ АǭǧǬǳǢǯǦǲ АǭǧǬǳǢǯǦǲоǤǪǹ – ȊаȍȄȈȄаȒ ȒȅȕȍȈȗȅȑȊȈȕ ȍаȓȊ ȑȒаȐȘȈȉ ȍаȓȗȍțȉ ȑȎȒȐȓȄȍȈȊ 

СаȍȊȒ-ǯȅȒȅȐȁȓȐȃȑȊȎȃȎ ȏȎȋȈȒȅȕȍȈȗȅȑȊȎȃȎ ȓȍȈвȅȐȑȈȒȅȒа ǯȅȒȐа ВȅȋȈȊȎȃȎ 

E-mail: A_drozdi@mail.ru 

ǒǇКǓǔИǏ АǭǧǬǳǧǫ ǖǧǭǪǬǳоǤǪǹ – ȊаȍȄȈȄаȒ ȒȅȕȍȈȗȅȑȊȈȕ ȍаȓȊ ȇаȌȅȑȒȈȒȅȋȜ ȇавȅȄȓȞșȅȃȎ ǭǨǫ 

«ǣаȇȎваȟ ȄȈȍаȌȈȊа ȒȓȐȁȎȌаȘȈȍ» СаȍȊȒ-ǯȅȒȅȐȁȓȐȃȑȊȎȃȎ ȏȎȋȈȒȅȕȍȈȗȅȑȊȎȃȎ ȓȍȈвȅȐȑȈȒȅȒа ǯȅȒȐа 

ВȅȋȈȊȎȃȎ 

E-mail: rekstin2k7@mail.ru 

Даɬа ɩɨɫɬɭɩɥɟɧиɹ ɫɬаɬьи в ɪɟɞаɤциɸ: 24.12.2018  

REFERENCES 

[1] Yevdokimov V.Ye. Bank eksperimentalnykh 

dannykh po modelnym stupenyam i ikh elementam dlya 

proyektirovaniya TsKM. Turbiny i kompressory. 1997. 

№ 3. P. 4  (rus.) 

[2] Lyubimov A.N., Yevdokimov V.Ye. O raschete 

gazodinamicheskikh kharakteristik stupeni tsentrobezh-

nogo kompressora. Kompressornaya tekhnika i pnevmat-

ika. 2012. № 7. S. 28–33. (rus.)  

[3] Semakov A.V., Yevdokimov V.Ye., Reprintsev A.I., 

Lyubimov A.N. Modernizatsiya tsentrobezhnykh kom-

pressorov na azotnykh proizvodstvakh. Kompressornaya 

tekhnika i pnevmatika. 2013. № 3. S. 20–22. (rus.)  

[4] Lyubimov A.N., Yevdokimov V.Ye., Semakov A.V., 

Reprintsev A.I. Ob ispolzovanii eksperimentalnogo i 

raschetnykh metodov pri proyektirovanii protochnykh 

chastey tsentrobezhnykh kompressorov. Kompressor-

naya tekhnika i pnevmatika. 2014. № 6. S. 12–20. 

(rus.)  

[5] Lunev A.T. Struktura metoda proyektirovaniya i 

ispytaniya protochnoy chasti nagnetateley dlya 



 

90 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 25, №1, 2019

perekachivaniya prirodnogo gaza. Kompressornaya 

tekhnika i pnevmatika. 2001. № 10. S. 4-7. (rus.) 

[6] Lunev A.T. Razrabotka vysokoeffektivnykh 

smennykh protochnykh chastey tsentrobezhnykh kom-

pressorov gazoperekachivayushchikh agregatov: Dis, … 

kand. tekhn. nauk. Kazan, 2005. 123 s. (rus.) 

[7] Kabalyk K., Kryłłowicz W. Numerical modeling 

of the performance of a centrifugal compressor impeller 

with low inlet flow coefficient. Transactions of the insti-

tute of fluid-flow machinery. 2016. Vol 131. P. 41–53.  

[8] Kryłłowicz W., Świder P., Kozanecki Z., 

Kabalyk K, Kozanecki Jr Z. Technical and Aerodynam-

ical Aspects of a High Pressure Synthesis Gas Turbo-

compressor Modernization. 12th European Conference on 

Turbomachinery Fluid Dynamics and Thermodynamics. 

April 3–7. 2017, Stockholm, Sweden.  

[9] Syka T. Luňáček O. Numerical simulation of 

radial compressor stage. EPJ WebofConferences. 45, 

01088 (2013). DOI: 10.1051/epjconf 20134501088 

[10] Pei-Yuan Li, Chu-Wei Gu, Yin Song. A. New 

Optimization Method for Centrifugal Compressors 

Based on 1D Calculations and Analyses. Energies. 2015. 

Vol. 8. P. 4317-4334. DOI:10.3390/en8054317 

[11] Schiff J. A preliminary design tool for radial 

compressors: Thesis for the Degree of Master of Science 

/ LTH Lund University. 2013. 171 p. 

[12] Aungier R.H. Centrifugal Compressors: A 

Strategy for Aerodynamic Design and Analysis. ASME 

Press. 2000. ISBN 0-7918-0093-8, New York, USA. 

[13] Casey M.A., Robinson C. Method to Estimate 

the Performance Map of a Centrifugal Compressor 

Stage. Journal of Turbomachinery. 2013. Vol. 135 / 

021034. 

[14] Aungier R.H. Mean Streamline Aerodynamic 

Performance Analysis of Centrifugal Compressors. 

Transactions of the ASME. 1995. Vol. 117. 

[15] Kangsoo Im. Development of a design method 

for centrifugal compressors. [text]: Ph. D. thesis / Mich-

igan State University. 2012. 160 p. 

[16] Hazby H. Casey M., Robinson C., Spataro R. 

The design of a family of process compressor stages. 

Proceedings of 12th European Conference on Tur-

bomachinery Fluid dynamics & Thermodynamics ETC12. 

April 3–7, 2017. Stockholm, Sweden. Paper ID: 

ETC2017-134 

[17] Japikse D., Krivitzky E.M. Radial stages with 

non-uniform pressures at diffuser inlet. Proceedings of 

the ASME Turbo Expo. Volume 2D-2016, Seoul; South 

Korea; 13 June 2016 – 17 June 2016; DOI: 

10.1115/GT2016-57956 

[18] Japikse D. Turbomachinery design with an ag-

ile engineering system. JSME fluid engineering confer-

ence. Osaka. September 19–20. 2003. 

[19] Stuart C., Spence S., Kim S.I., Filsinger D., 

Starke A. A 1-D Vaneless Diffuser Model Accounting 

for the Effects of Spanwise Flow Stratification. Proceed-

ings of The International Gas Turbine Congress. Tokyo. 

2015. Gas Turbine Society of Japan. P. 485–494, 

[20] Gong X., Chen R. Total pressure loss mecha-

nism of centrifugal compressors. Journal of Mechanical 

Engineering Research. 2014. Vol. 4 (2). P. 45–59.  

[21] Harley P., Spence S., Filsinger D., Dietrich M., 

Early J. An evaluation of 1D design methods for the off-

design performance prediction of automotive turbo-

charger compressors. Proceedings of ASME Turbo Expo 

2012. GT2012. June 11–15, 2012, Copenhagen, Den-

mark GT2012-69743.  

[22] Schneider M.. Bühler J., Hanna M., Schiffer H.-P., 

Leichtfuß S. Analytical loss prediction for turbocharger 

compressors. Proceedings of 11th European Conference on 

Turbomachinery Fluid dynamics & Thermodynamics. 

ETC11. March 23-27, 2015, Madrid, Spain  

[23] Felipe C., Favaretto F., Anderson M.R., Li S., 

Hu L. Development of a meanline model for prelimi-

nary design of recirculating casing treatment in turbo-

charger compressors. Proceedings of ASME Turbo Expo 

2018 Turbomachinery Technical Conference and Exposi-

tion. GT2018. June 11–15, 2018, Oslo, Norway.  

[24] Mounier V., Picard C., Schiffmann J. Data-

driven pre-design tool for small scale centrifugal com-

pressors in refrigeration. Proceedings of ASME Turbo 

Expo 2018 Turbomachinery Technical Conference and 

Exposition. GT2018. June 11–15, 2018, Oslo, Norway.  

[25] Zamiri A., Chung J.T. Scale adaptive simula-

tion of transient behavior in a transonic centrifugal com-

pressor with a vaned diffuser. Proceedings of ASME Turbo 

Expo 2018 Turbomachinery Technical Conference and Ex-

position. GT2018. June 11–15, 2018, Oslo, Norway. 

[26] Harley P., Spence S., Filsinger D., Dietrich M., 

Early J. Meanline modeling of inlet recirculation in au-

tomotive turbocharger centrifugal compressors. Journal 

of Turbomachinery. 2015. Vol. 137 / 011007-1. DOI: 

10.1115/1.4028247  

[27] Galerkin Yu.B. Formirovaniye vzglyadov na 

rabochiye protsessy i sovremennoye sostoyaniye gazo-

dinamicheskikh metodov proyektirovaniya promyshlen-

nykh tsentrobezhnykh kompressorov, Kompressornaya 

tekhnika i pnevmatika. 2000. № 2. S. 9–14. (rus.) 

[28] Galerkin Yu.B., Danilov K.A., Popova Ye.Yu. 

Razvitiye metoda universalnogo modelirovaniya 



 

 

91 

Энергетика и электротехника

rabochego protsessa TsK. Programmnyye kompleksy 

pervogo urovnya (tretye pokoleniye), opyt razrabotki i 

prakticheskogo ispolzovaniya kompleksa tretyego urov-

nya. SPb., 1995. (rus.) 

[29] Galerkin Yu.B., Danilov K.A., Popova Ye.Yu. 

Chislennoye modelirovaniye tsentrobezhnykh kompres-

sornykh stupeney (fizicheskiye osnovy, sovremennoye 

sostoyaniye). Kompressornaya tekhnika i pnevmatika. 

1993. № 2. (rus.) 

[30] Galerkin Y.B., Mitrofanov V.P. Current Opti-

mum Design Methods in the Development of New 

Generations of Model Stages in Centrifugal Compres-

sors. Chemical and Petroleum Engineering. 1996. Vol. 31, 

№ 11–12, New York. USA. 1996.  

[31] Galerkin Yu.B. Nachalo razvitiya teorii tsen-

trobezhnykh kompressorov i sozdaniye bazisa eksperi-

mentalnykh dannykh na kafedre kompressorostroyeni-

ya. Sbornik nauchnykh trudov «Nekotoryye problemy en-

ergomashinostroyeniya». SPb., 1995. S. 22–30. (rus.)  

[32] Galerkin Yu.B., Popova Ye.Yu., Danilov K.A. 

Universalnaya model tsentrobezhnogo kompressora – 

optimalnoye resheniye. Trudy nemetskogo inzhenernogo 

obshch-va. Germaniya, Gannover. 28–29 sentyabrya 

1995. C. 54–59  

[33] Galerkin Yu.B. Matematicheskoye modelirovani-

ye stupeney tsentrobezhnogo kompressora na kafedre 

kompressorostroyeniya SP6GTU (fizicheskiye osnovy, 

sovremennoye sostoyaniye). Soobshcheniya Soyuza ne-

metskikh inzhenerov. Gannover. Germaniya. № 947. 1992.  

[34] Galerkin Yu.B. Turbokompressory. SPb.: Izd-

vo KKhT, 2010. 650 s. (rus.) 

[35] Seleznev K.P., Galerkin Yu.B. Tsentrobezhnyye 

kompressory. L.: Mashinostroyeniye, 1982. 271 s. (rus.) 

[36] Ris V.F. Tsentrobezhnyye kompressornyye 

mashiny. L.: Mashinostroyeniye, 1981. – 351 s.  

[37] Den G.N. Mekhanika potoka v tsentrobezhnykh 

kompressorakh. L.: Mashinostroyeniye, 1973. 268 s. (rus.) 

[38] Livshits S.P. Aerodinamika tsentrobezhnykh 

kompressornykh mashin. Moskva; Leningrad: Mashi-

nostroyeniye, 1966. S. 335–337.  

[39] Galerkin Yu.B., Rekstin A.F., Soldatova K.V., 

Drozdov A.A. Analiz geometricheskikh i gazodinamich-

eskikh parametrov tsentrobezhnykh kompressornykh 

stupeney v desyatikratnom diapazone raschetnogo koef-

fitsiyenta raskhoda. Kompressornaya tekhnika i pnevmat-

ika. 2016. № 7. S. 32–43. (rus.) 

[40] Rekstin A.F., Galerkin Yu.B. Osobennosti 

pervichnogo proyektirovaniya maloraskhodnykh tsen-

trobezhnykh kompressornykh stupeney. Vestnik 

Permskogo natsionalnogo issledovatelskogo politekhnich-

eskogo universiteta. 2018. T. 20, № 2. S. 43–54. DOI: 

10.15593/2224-9877/2018.2.06. (rus.)  

[41] Grigoryev A.V., Solovyeva A.V., Galerkin Yu.B., 

Rekstin A.F. Voprosy aerodinamicheskogo proyektiro-

vaniya sverkhzvukovykh tsentrobezhnykh kompres-

sornykh stupeney. Kompressornaya tekhnika i pnevmat-

ika. 2014. № 6. S. 21–27. (rus.) 

[42] Rekstin A.F., Soldatova K.V., Drozdov A.A. 

Osobennosti modelirovaniya gazodinamicheskikh kha-

rakteristik vysokonapornykh tsentrobezhnykh stupeney. 

Klimovskiye chteniya. Perspektivnyye napravleniya aviad-

vigatelya stroyeniya. SPb. 2013. S. 45–55. (rus.) 

[43] Galerkin Y., Rekstin A., Soldatova K. Aerody-

namic designing of supersonic centrifugal compressor 

stages. International Conference on Numerical Methods in 

Industrial Processes. World Academy of science, engineer-

ing and technology. Paris 2015 Conference. Vol:9 No:01 

2015. № 216. URL: http://www.waset.org/Publicati 

ons/?path=Publications 

[44] Karpov A.N. Metodika modelirovaniya napor-

noy kharakteristiki tsentrobezhnogo kompressornogo 

kolesa po rezultatam ispytaniy modelnykh stupeney. 

[Tekst]: dis… kand. tekhn. nauk / SPbGPU. SPb., 2011. 

137 s. (rus.) 

THE AUTHORS 

DROZDOV Aleksandr A. – Peter the Great St. Petersburg polytechnic university 

E-mail: A_drozdi@mail.ru 

REKSTIN Alekseii F. – Peter the Great St. Petersburg polytechnic university 

E-mail: rekstin2k7@mail.ru 

Received: 24.12.2018  

 

 

  

© ˨˷̄́̉-˦˼̉˼̇˸̊̇˺̈́˿̀ ̆̅̂˿̉˼̌̄˿̎˼̈́˿̀ ̊̄˿˹˼̇̈˿̉˼̉ ˦˼̉̇˷ В˼̂˿́̅˺̅, 2019 


