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К ВОПРОСУ О РАЦИОНАЛЬНОМ ПРОЕКТИРОВАНИИ  
ТУРБИННЫХ СТУПЕНЕЙ  

С ТАНГЕНЦИАЛЬНЫМ НАКЛОНОМ НАПРАВЛЯЮЩИХ ЛОПАТОК 

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

̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ ̈ ̉˷̄˺˼̄̍˿˷̂̓̄̒̃ ̄˷́̂̅̄̅̃ ̄˷ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ˿ ̈̉̇̊́̉̊̇̊ ̆̅̉̅́˷ ˹ ̅̈˼-
˹̒̌ ̉̊̇˸˿̄̄̒̌ ̈̉̊̆˼̖̄̌. ˦̅̈̉̇̅˼̄̒ ˺̇˷̋˿́˿ К˦˛, ̈̉˼̆˼̄˼̀ ̇˼˷́̉˿˹̄̅̈̉˿ ̊ ̖́̅̇̄ ˿ ̊ ̆˼̇˿̋˼̇˿˿  

˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̆˷̇˷̃˼̉̇˷ u/C0. ˙̒̆̅̂̄˼̄̅ ̉̇˷˹˼̇̈˿̇̅˹˷̄˿˼ ̆˷̇˷̃˼̉̇̅˹ ̆̅̉̅́˷ ̆̅ ˹̒̈̅̉˼ ̂̅-

̆˷̉́˿ (̊˺̂̅˹ ̆̅̉̅́˷, ́̅̔̋̋˿̍˿˼̄̉̅˹ ̆̅̉˼̇̓ ́˿̄˼̉˿̎˼̈́̅̀ ̔̄˼̇˺˿˿ ˹ ̄˷̆̇˷˹̖̂̐̕˼̃ ˷̆̆˷̇˷̉˼ ˿ ˹ 

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

̃˿. ˛˷̄̅ ˾˷́̂̎̕˼̄˿˼ ̅ ˹̂˿̖̄˿˿ ̈̆̅̈̅˸̅˹ ̇˷̍˿̅̄˷̂̓̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ 

̈ ̉˷̄˺˼̄̍˿˷̂̓̄̒̃ ̄˷́̂̅̄̅̃ ̄˷ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ˿ ̈̉̇̊́̉̊̇̊ ̆̅̉̅́˷ ˹ ̅̈˼˹̒̌ ̉̊̇˸˿̄̄̒̌ ̈̉̊̆˼̖̄̌. 
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TO THE QUESTION OF THE RATIONAL DESIGN OF TURBINE STAGES  
WITH TANGENTIAL INCLINATION OF GUIDE BLADES 

In this article, we have explored the influence of methods for rational design of turbine stages with 

tangential inclination of guide blades on the characteristics and flow structure. We have constructed 

calculation models for three turbine stages with tangential inclination of guide blades. 3D-testing gas-

dynamic calculations were performed in the ANSYS CFX software package. We have constructed graphs for 

the efficiency, the degrees of reactivity at the root and at the periphery depending on the parameter. The 

distributions of flow parameters (flow angles, the coefficient of kinetic energy losses for the guide vanes and 

the impeller, outlet velocity ) have been given by blade height. The calculation results between three turbine 

stages have been compared. The conclusion about the influence of methods of rational design of turbine 

stages with tangential inclination of guide blades on the characteristics and flow structure has been given. 
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Энергетика и электротехника

ВǤǧǦǧǯǪǧ 

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

̅̆̉˿̃˿˾˷̍˿˿ ̌˷̇˷́̉˼̇˿̈̉˿́ ˿ ̈̉̇̊́̉̊̇̒ ̆̅̉̅́˷ 
̅̈˼˹̒̌ ̉̊̇˸˿̄̄̒̌ ̈̉̊̆˼̄˼̀ – ˿̈̆̅̂̓˾̅˹˷̄˿˼ 
̄˼̇˷˻˿˷̂̓̄̅̀ ̊̈̉˷̄̅˹́˿ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ 

(ˤˢ). ˦̇˿̃˼̄˼̄˿˼ ̉˷̄˺˼̄̍˿˷̂̓̄̅˺̅ ̄˷́̂̅̄˷ ̄˷-
̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ (˩ˤˤˢ) ̃̅˽˼̉ ̆̅˹̒̈˿̉̓ 
К˦˛ ̅̈˼˹̅̀ ̉̊̇˸˿̄̄̅̀ ̈̉̊̆˼̄˿ ˿ ̊̃˼̄̓̏˿̉̓ 
˺̇˷˻˿˼̄̉ ̈̉˼̆˼̄˿ ̇˼˷́̉˿˹̄̅̈̉˿ ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉-
́˿ [1–15] ̆̅ ̈̇˷˹̄˼̄˿̕ ̈̅ ̈̉̊̆˼̄̓̕ ̅˸̒̎̄̅˺̅ 

̉˿̆˷. ˙ ̂˷˸̅̇˷̉̅̇˿˿ ̉̊̇˸˿̄̅̈̉̇̅˼̄˿̖ ˢ˼̄˿̄-

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

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

̉̊̇˸˿̄˼ [1] ˿ 3D ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿˼ ̇˷̈̎˼̉̒ ̈̉̊-
̆˼̄˿ ̉˷́̅˺̅ ̉˿̆˷ ̈ ̆̅̃̅̐̓̕ ˷̔̇̅˻˿̄˷̃˿̎˼̈́̅˺̅ 

̆˷́˼̉˷ ANSYS CFX [15]. ˛̖̂ ̔̉̅̀ ̈̉̊̆˼̄˿ ̄˷-
̆̇˷˹̖̂̐̕˿˼ ̂̅̆˷̉́˿ ̈ ̖̆̇̃̅̂˿̄˼̀̄̅̀ (˹ ̆̂̅̈-
́̅̈̉˿ r-u ̍˿̂˿̄˻̇˿̎˼̈́̅̀ ̈˿̈̉˼̃̒ ́̅̅̇˻˿̄˷̉) 
˹̒̌̅˻̄̅̀ ́̇̅̃́̅̀ ̆̇̅˼́̉˿̇̅˹˷̂˿̈̓ ̖̆̉̓̕ ̆̇̅-

̋˿̖̂̃˿, ̂˼˽˷̐˿̃˿ ̄˷ ̍˿̂˿̄˻̇˿̎˼̈́˿̌ ̆̅˹˼̇̌-
̖̄̅̈̉̌ ̉̅́˷, ̆̇˿ ̊̈̂̅˹˿˿ ̖̆̅̈̉̅̄̈̉˹˷ ̆̅ ˹̒̈̅̉˼ 
̂̅̆˷̉́˿ ̔̋̋˼́̉˿˹̄̅˺  ̅ ̊˺̂˷ (1̔̋ = const) ˻̖̂ 

̇˼̏ё̉̅́ ˤˢ. ˨̉̊̆˼̄̓ ̉˷́̅˺̅ ̉˿̆˷ ̈ ̇˷˸̅̎˿̃˿ 

̂̅̆˷̉́˷̃˿ (˧ˢ) ̖̆̅̈̉̅̄̄̅˺̅ ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ 

̆̇̅̋˿̖̂ ˿̃˼˼̉ ̅̆̇˼˻˼̂ё̄̄̒˼ ̆̇˼˿̃̊̐˼̈̉˹˷. 
˙̅-̆˼̇˹̒̌, ˧ˢ ̄˼ ˾˷́̇̊̎˼̄̒, ̆̅̔̉̅̃̊ ̊̆̇̅̐˷˼̉-
̖̈ ̉˼̌̄̅̂̅˺˿̖ ˿̌ ˿˾˺̅̉̅˹̂˼̄˿̖ ˻̖̂ ˿̄̉˼̄̈˿˹̄̅ 

̅̌̂˷˽˻˷˼̃̒̌ ̂̅̆˷̉̅́ ̆˼̇˹̒̌ ̈̉̊̆˼̄˼̀ ˹̒̈̅́̅-

̉˼̃̆˼̇˷̉̊̇̄̒̌ ˺˷˾̅˹̒̌ ̉̊̇˸˿̄. ˙̅-˹̉̅̇̒̌, ̈̉̊-
̆˼̄̓ ̈ ˩ˤˤˢ ̆̇˿ ̄˷̂˿̎˿˿ ˹̒̈̅́̅̀ ̈̉˼̆˼̄˿ ̇˼-
˷́̉˿˹̄̅̈̉˿ ̊ ̖́̅̇̄ ̆̅˾˹̖̅̂˼̉ ̊̃˼̄̓̏˿̉̓ ̇˷˾̄˿-

̍̊ ̃˼˽˻̊ ̅̈˼˹̒̃˿ ̊̈˿̂˿̖̃˿, ˻˼̀̈̉˹̊̐̕˿̃˿ ̄˷ 
̇̅̉̅̇ ˹ ̈˿̈̉˼̃˼ «́̅̃̆̇˼̈̈̅̇ – ̉̊̇˸˿̄˷», ́̅˺˻˷ 
̅̄˿ ˽˼̈̉́̅ ̈˹̖˾˷̄̒ ̄˷ ̅˻̄̅̃ ˹˷̂̊. 

˩˷́ ́˷́ ˩ˤˤˢ ̉˼̆˼̇̓ ̆̇˿̃˼̖̄˼̖̉̈ ˻̅̈̉˷-
̉̅̎̄̅ ̏˿̇̅́̅, ̉̅ ̆̇˼˻̈̉˷˹̖̂˼̖̉̈ ˷́̉̊˷̂̓̄̒̃ 

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

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

̐˿̌ ̂̅̆˷̉̅́ ̈ ̉̇˷˻˿̍˿̅̄̄̒̃ (̈ ̖̆̇̃̅̂˿̄˼̀-

̄̅̀ ˹̒̌̅˻̄̅̀ ́̇̅̃́̅̀ ˤˢ) ̉˷̄˺˼̄̍˿˷̂̓̄̒̃ 

̄˷́̂̅̄̅̃ ̄˷ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ˿ ̈̉̇̊́̉̊̇̊ ̆̅-

̉̅́˷ ˹ ̅̈˼˹̒̌ ̉̊̇˸˿̄̄̒̌ ̈̉̊̆˼̖̄̌.  

ǘǧǭǾ ǲǢбоǴǽ ̈̅̈̉̅˿̉ ˹ ̉̅̃, ̎̉̅˸̒ ˿̈̈̂˼-

˻̅˹˷̉̓ ˹̂˿̖̄˿˼ ̇˷˾̂˿̎̄̒̌ ̈̆̅̈̅˸̅˹ ̇˷-

̍˿̅̄˷̂̓̄̅˺̅ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̄˷̆̇˷˹̖̂̕-

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

̄̒̃ ̄˷́̂̅̄̅̃ ˤˢ ̄˷ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ˿ 

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

˹˷̄˿̖ ˷̔̇̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̆˷́˼̉˷ ANSYS 

CFX. ˦̅̂̅˽˿̉˼̂̓̄̒̀ ̅̆̒̉ ̉˷́̅˺̅ ̆̅˻̌̅˻˷ 

̆̅́˷˾˷̄ ˹ [15].  

ǑоǳǴǢǯоǤǬǢ ǩǢǦǢǹǪ 

ˮ̉̅˸̒ ́̅̇̇˼́̉̄̅ ˻̅̈̉˿̎̓ ̆̅̈̉˷˹̂˼̄̄̅̀ 

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

˸˿̄̄̒̌ ̈̉̊̆˼̄˿ ̆̅ ̊́˷˾˷̄̄̒̃ ̄˿˽˼ ̇˼́̅̃˼̄-

˻˷̍˿̖̃. 

СȒȓȏȅȍȜ I. ˥̇˿˺˿̄˷̂̓̄˷̖ ̈̉̊̆˼̄̓ ̈ ˩ˤˤˢ 

˿̃˼˼̉ ̈̇˼˻̄̕̕ ˹˼˼̇̄̅̈̉̓ 2
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l
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 ˼˼ ̉˼̅-

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

˸̒̂˿ ̆̇˼˻̈̉˷˹̂˼̄̒ ˹ ̈̉˷̖̉̓̌ [1, 15]. ˤ˷̆̇˷˹-

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

̐˿̃˿̖̈ ̄˷ ̖̆̉˿ ̍˿̂˿̄˻̇˿̎˼̈́˿̌ ̆̅˹˼̖̇̌̄̅̈̉̌ 
̉̅́˷ ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ (̈̃. ̇˿̈. 1). ˪˺̅̂ ̉˷̄-

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

̂˿̄˿˼̀ ̍˼̄̉̇̅˹ ̇˷˻˿̊̈̅˹ ̈́̇̊˺̂˼̄˿̖ ˹̒̌̅˻̄̒̌ 
́̇̅̃̅́ ̆̇̅̋˿̂˼̀ ˿ ̅̈̓̕ r ˹ ̆̂̅̈́̅̈̉˿ r-u ̍˿-

̂˿̄˻̇˿̎˼̈́̅̀ ̈˿̈̉˼̃̒ ́̅̅̇˻˿̄˷̉ ̈̅̈̉˷˹̖̂˼̉ 
 = 23 ̄˷ ̈̇˼˻̄˼̃ ̇˷˻˿̊̈˼ (̇˿̈. 1). Э̋̋˼́̉˿˹-

̄̒̀ ̊˺̅̂ ʗ1̔̋ ̇˼̏˼̉̅́ ̆̇̅̋˿̂˼̀ ˤˢ ̖̆̅̈̉̅̄˼̄ 

˹˻̅̂̓ ̇˷˻˿̊̈˷ ˿ ̇˷˹˼̄ 18 10'. 

СȒȓȏȅȍȜ II. ˨̄˷̎˷̂˷ ̆̇̅˼́̉˿̇̊˼̖̉̈ ˤˢ 

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

̇˷˻˿̊̈̅˹ ̈́̇̊˺̂˼̄˿̖ ˹̒̌̅˻̄̒̌ ́̇̅̃̅́ ̆̇̅̋˿-

̂˼̀ ̈̉̊̆˼̄˿ I ̄˷ ̖̆̉˿ ̍˿̂˿̄˻̇˿̎˼̈́˿̌ ̆̅˹˼̇̌-
̖̄̅̈̉̌ ̉̅́˷ ̆̇˿ ̊̈̂̅˹˿˿ 1̔̋ = const. ˞˷̉˼̃ ̆˼̇̅ 

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

̄˷ ˾˷˻˷̄̄̒̀ ̊˺̅̂ ̉˷̄˺˼̄̍˿˷̂̓̄̅˺̅ ̄˷́̂̅̄˷  
 = 23 ̄˷ ̈̇˼˻̄˼̃ ̇˷˻˿̊̈˼ (̈̃. ̇˿̈. 1). И̃˼̄̄̅ 

̉˷́̅̀ ̆̅˻̌̅˻ ́ ̆̇̅˼́̉˿̇̅˹˷̄˿̕ ̈̉̊̆˼̄˼̀ 

̈ ˩ˤˤˢ ̅̈̅˸˼̄̄̅ ̖̆̅̆̊̂̇˼̄ ̄˷ ̆̇˷́̉˿́˼. 
СȒȓȏȅȍȜ III. К˷́ ˿ ˻̖̂ ̈̉̊̆˼̄˿ I, ̄˷̆̇˷˹-

̖̂̐̕˿˼ ̂̅̆˷̉́˿ ̈̅˾˻˷̄̒ ̆̇̅̋˿̖̂̃˿ ̈̉̊̆˼̄˿ I, 

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

(̈̃. ̇˿̈. 1). ˦̇˿ ̔̉̅̃ ˿˾̃˼̄˼̄̒ ̊˺̂̒ ̊̈̉˷̄̅˹-

́˿ ̆̇̅̋˿̂˼̀ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ ̄˷ ̔̉˿̌ 
̈˼̎˼̄˿̖̌ ̆̅ ̈̇˷˹̄˼̄˿̕ ̈̅ ̈̉̊̆˼̄̓̕ I, ˷ ˿̃˼̄-

̄̅: ̊̃˼̄̓̏˼̄̒ ̊˺̂̒ ̊̈̉˷̄̅˹́˿ ̆̇̅̋˿̂˼̀ ˹ ̈˼-
̎˼̄˿̖̌ 1, 2, 3 ˿ 4, ˷ ˹ ̈˼̎˼̄˿˿ 5 ̊˺̅̂ ̊̈̉˷̄̅˹́˿ 

̆̇̅̋˿̂˼̀ ̊˹˼̂˿̎˼̄. Э̉˿ ˿˾̃˼̄˼̄˿̖ ̆̅́˷˾˷̄̒ 

̄˷ ̇˿̈. 2. Э̋̋˼́̉˿˹̄̒̀ ̊˺̅̂ ̇˼̏˼̉̅́ ̆̇̅̋˿-

̂˼̀ ˤˢ ̈̉̊̆˼̄˿ III ̄˷̇˷̈̉˷˼̉ ˹˻̅̂̓ ̇˷˻˿̊̈˷. 
˧˷˸̅̎˿˼ ̂̅̆˷̉́˿ ̄˼ ˾˷́̇̊̎˼̄̒, ˿̃˼̉̕ ̄˼˿˾-

̃˼̄̄̒˼ ̆̇̅̋˿̂˿ ̆̅ ˹̒̈̅̉˼ ˿ ̅˻˿̄˷́̅˹̒ ˹̅ ˹̈˼̌ 
̉̇ё̌ ̈̉̊̆˼̖̄̌. ˙̌̅˻̄̅̀ ̂̅̆˷̉̅̎̄̒̀ ̊˺̅̂ ˧ˢ – 

1̂ = 56, ˹̒̌̅˻̄̅̀ ̔̋̋˼́̉˿˹̄̒̀ ̊˺̅̂ ̇˼̏ё̉́˿ 

̆̇̅̋˿̂˼̀ ̄˷ ̈̇˼˻̄˼̃ ˻˿˷̃˼̉̇˼ – 2̔̋ = 23 54'. 

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

̅̇˿˺˿̄˷̂̓̄̅̀ ̈̉̊̆˼̄˿ I, ˹˾̖̉̒˼ ˿˾ [1], ̈̂˼-
˻̊̐̕˿˼: 

˧˷˻˿̊̈ ́̅̇̄˼˹̅˺̅ ̈˼̎˼̄˿̖ 1,R  ̃̃  ..................  159,1 

˛̂˿̄˷ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ l1, ̃̃  .............  58,2 

ˬ̅̇˻˷ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ b1, ̃̃  .............  16,5 

˯˷˺ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ t1c, ̃̃  ................  11,9 

ˮ˿̈̂̅ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ z1, ̏̉.  ............  100 

˛̂˿̄˷ ̇˷˸̅̎˿̌ ̂̅̆˷̉̅́ l2, ̃̃  .........................  59,5 

ˬ̅̇˻˷ ̇˷˸̅̎˿̌ ̂̅̆˷̉̅́ b2c, ̃̃  ........................  27,9 

˯˷˺ ̇˷˸̅̎˿̌ ̂̅̆˷̉̅́ t2c, ̃̃  ...........................  17,4 

ˮ˿̈̂̅ ̇˷˸̅̎˿̌ ̂̅̆˷̉̅́ z2, ̏̉.  ........................  68 

˥̈˼˹̅̀ ˾˷˾̅̇ ̃˼˽˻̊ ̄˷̆̇˷˹̖̂̐̕˿̃˿  

˿ ̇˷˸̅̎˿̃˿ ̂̅̆˷̉́˷̃˿ z1, ̃̃  .......................  8 

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

̎˼̈́˿˼ 3D-̇˷̈̎˼̉̒ ̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ̇˼́̅-

̃˼̄˻˷̍˿̀ ̈̉˷̉˼̀ [11–13]. Ӥ̈̂˼˻̅˹˷̂˿̈̓ ̅̈˼-
˹̒˼ ̉̊̇˸˿̄̄̒˼ ̈̉̊̆˼̄˿ ˸˼˾ ̇˷˻˿˷̂̓̄̅˺̅ ˾˷˾̅̇˷ 

̄˷˻ ˧К, ̎̉̅ ̊̆̇̅̐˷˼̉ ̇˼̏˼̄˿˼ ˺˷˾̅˻˿̄˷̃˿̎˼-
̈́˿̌ 3D-˾˷˻˷̎.  

К˷́ ˿˾˹˼̈̉̄̅, ̄˷̂˿̎˿˼ ̇˷˻˿˷̂̓̄̅˺̅ ˾˷˾̅̇˷ ̊ 
̆˼̇˿̋˼̇˿˿ ˧ˢ ˸˼˾ ˸˷̄˻˷˽̄̅̀ ̆̅̂́˿ ̆̇˿˹̅˻˿̉ 
́ ̈̄˿˽˼̄˿̕ К˦˛ ̉̊̇˸˿̄̄̅̀ ̈̉̊̆˼̄˿. ˤ˷ ˹˼̂˿-

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

˺̊̇˷̍˿̖ ̆˼̇˿̋˼̇˿̀̄̅˺̅ ̆̇̅̋˿̖̂ ˧ˢ, ˹̉̅̇̅̀ – 

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

̄̅̈̉˿ ̊ ̆˼̇˿̋˼̇˿˿ ̈̉̊̆˼̄˿. ˛̖̂ ˹̈˼̌ ̇˷̈̈̃̅̉-
̇˼̄̄̒̌ ˹ ̈̉˷̉̓˼ ˹˷̇˿˷̄̉̅˹ ̇˷˸̅̎˷̖ ̇˼̏ё̉́˷ 
̆̇˿̖̄̉˷ ̅˻˿̄˷́̅˹̅̀, ˷ ̉˼̇̃̅˻˿̄˷̃˿̎˼̈́˷̖ 

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

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

̉̊. ˦̅̔̉̅̃̊ ̆̇˿̃˼̄˼̄˿˼ ̄̊̂˼˹̅˺̅ ˾˷˾̅̇˷ ˹ 3D-

̇˷̈̎ё̉˷̌ ˹ ̅̆̇˼˻˼̂ё̄̄̅̀ ̈̉˼̆˼̄˿ ̅̆̇˷˹˻˷̄̅.  
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˧˿̈. 1. ˣ˼̇˿˻˿˷̄̄̒˼ ̅˸˹̅˻̒ ̈̉̊̆˼̄˿ I ˿ ̆̅̂̅˽˼̄˿̖ ̈˼̎˼̄˿̀ 

Fig. 1. Meridian contour of axial turbine stage and positions of sections 
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˧˿̈. 2. ˧˼̏ё̉́˿ ̆̇̅̋˿̂˼̀ ̄˷̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ ̄˷ ̖̆̉˿ ̈˼̎˼̄˿̖̌ 1 (а), 2 (ȁ), 3 (в), 4 (ȃ), 5 (Ȅ). 

ˢ˼˹̒˼ – ̆̇̅̋˿̂˿ ˤˢ ̈̉̊̆˼̄˿ I, ̆̇˷˹̒˼ – ̆̇̅̋˿̂˿ ˤˢ ̈̉̊̆˼̄˿ III 

Fig. 2. Profiles of guide blades on five sections 1 (а), 2 (ȁ), 3 (в), 4 (ȃ), 5 (Ȅ). 

Left – profiles of guide blades in the stage I, right – profiles of guide blades in the stage III 
 

ǰаȑȗȅȒȍțȅ ȌȎȄȅȋȈ: ̈˼́̉̅̇̒ ̆̇̅̉̅̎̄̒̌ 

̎˷̈̉˼̀ ̅̈˼˹̒̌ ̉̊̇˸˿̄̄̒̌ ̈̉̊̆˼̄˼̀, ̖̈̅̈̉̅-

̐˿˼ ˿˾ ̉̇˼̌ ˤˢ ˿ ˻˹̊̌ ˧ˢ. ˙̒̆̅̂̄˼̄̅ ̈˺̊̐˼-

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

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

̈̆̅̈̅˸ ̇˼̏˼̄˿̖ ̈̉˷̍˿̅̄˷̇̄̅̀ ˾˷˻˷̎˿ – 

Stage. ˦̇˿ ˿̈̆̅̂̓˾̅˹˷̄˿˿ ̔̉̅˺̅ ̈̆̅̈̅˸˷ ˹̒-

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

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

̖̈̅̆̇˽˼̄˿̖. ˨̉˼̆˼̄̓ ̄˼̇˷˹̄̅̃˼̇̄̅̈̉˿ ̆̅̉̅-

́˷ ̆˼̇˼˻ ˧ˢ, ˹̒̎˿̈̂˼̄̄˷̖ ̆̅ ̋̅̇̃̊̂˼ ˚.˵. ˨̉˼-
̆˷̄̅˹˷ [14], ̈̅̈̉˷˹̖̂˼̉ 3 %. ˦̅̔̉̅̃̊ ̆̇˿̃˼-
̄˼̄˿˼ Stage ˹ ́˷̎˼̈̉˹˼ ̈̆̅̈̅˸˷ ̇˼̏˼̄˿̖ ̈̉˷-

̍˿̅̄˷̇̄̅̀ 3D-˾˷˻˷̎˿ ˹ ̄˷̏˿̌ ̇˷̈̎˼̉˷̌ 

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

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

̌̅˻˼ ˿˾ ̈̉̊̆˼̄˼̀: 

˦̅̂̄̅˼ ˻˷˹̂˼̄˿˼ *
0P ̆̅̉̅́˷ ̄˷ ˹̌̅˻˼  

˹ ̈̉̊̆˼̄˿, ˣ˦˷  ...................................  0,137 

˦̅̂̄˷̖ ̉˼̃̆˼̇˷̉̊̇˷ *
0T ̆̅̉̅́˷ ̄˷ ˹̌̅˻˼  

˹ ̈̉̊̆˼̄˿,  K  ........................................  368 
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˛˷˹̂˼̄˿˼ ǰ2 ˹ ̆̅̉̅́˼ ̄˷ ˹̒̌̅˻˼  
˿˾ ̈̉̊̆˼̄˼̀, ˣ˦˷  ...............................  0,103298 

˨˹̅̀̈̉˹˷ ̇˷˸̅̎˼˺̅ ̉˼̂˷  ......................  Air Ideal Gas 

˦̇˿̖̄̉˷̖ ̃̅˻˼̂̓ ̉̊̇˸̊̂˼̄̉̄̅̈̉˿  .....  k-ʛ 
˨̆̅̈̅˸ ̇˼̏˼̄˿̖ ˾˷˻˷̎˿  .....................  Stage 

ǒǧǩǵǭǾǴǢǴǽ ǲǢǳǹǧǴоǤ 

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

̃̅̐̓̕ ˷̔̇̅˻˿̄˷̃˿̎˼̈́̅˺̅ ̆˷́˼̉˷ ANSYS 

CFX ˻̖̂ ́˷˽˻̅̀ ˿˾ ̉̇ё̌ ̈̉̊̆˼̄˼̀ ̅̆̇˼˻˼̖̂-

̂˿̈̓ ˾˷˹˿̈˿̃̅̈̉˿ ̅́̇̊˽̄̅˺̅ К˦˛, ̈̉˼̆˼̄˼̀ 

̇˼˷́̉˿˹̄̅̈̉˿ T
  ̊ ̖́̅̇̄ ˿ T

  ̊ ̆˼̇˿̋˼̇˿˿  

˻̖̂ ̇˷˾̂˿̎̄̒̌ ˾̄˷̎˼̄˿̀ ̆˷̇˷̃˼̉̇˷ 
0

.
u

C
 Э̉˿ 

˾˷˹˿̈˿̃̅̈̉˿ ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈. 3. 

К˦˛ ̈̉̊̆˼̄˿ III ˸̅̂̓̏˼, ̎˼̃ К˦˛ ̈̉̊̆˼-

̄˼̀ I ˿ II ̄˷ ˹̈˼̌ ̇˼˽˿̃˷̌; ̇˷˾̄˿̍˷ ̆̅ ̃˷́-

̈˿̃˷̂̓̄̒̃ ˾̄˷̎˼̄˿̖̃ ̈̅̈̉˷˹̖̂˼̉ 1 % ̆̅ 

̈̇˷˹̄˼̄˿̕ ̈̅ ̈̉̊̆˼̄̓̕ I ˿ 1,2 % ̆̅ ̈̇˷˹̄˼-
̄˿̕ ̈̅ ̈̉̊̆˼̄̓̕ II. ˨̉̊̆˼̄̓ II ̆̇̅˿˺̇̒˹˷˼̉ 
̆̅ ̔́̅̄̅̃˿̎̄̅̈̉˿ ˹˸̂˿˾˿ ̅̆̉˿̃̊̃˷ ̈̉̊̆˼̄˿ 

I. ˥̆̉˿̃̊̃ ̆̅ К˦˛ ˹ ̈̉̊̆˼̄˿ III ̈̃˼̐˼̄ ̆̅ 

̈̇˷˹̄˼̄˿̕ ̈̅ ̈̉̊̆˼̖̄̃˿ I ˿ II ˹ ̈̉̅̇̅̄̊ 

˸о̂̓̏˿̌ ˾̄˷̎˼̄˿̀ ̆˷̇˷̃˼̉̇˷ 
0

.
u

C
 

˨̉˼̆˼̄˿ ̇˼˷́̉˿˹̄̅̈̉˿ T
  ̊ ̆˼̇˿̋˼̇˿˿ 

˹̈˼̌ ̉̇˼̌ ̈̉̊̆˼̄˼̀ ̇˷˾̂˿̎˷̖̉̈̕ ̄˼ ̃̄̅-

˺̅. ˨̉˼̆˼̄̓ ̇˼˷́̉˿˹̄̅̈̉˿ T
  ̊ ̖́̅̇̄  

̈̉̊̆˼̄˿ III ̃˼̄̓̏˼, ̎˼̃ ̊ ̈̉̊̆˼̄˼̀ I ˿ II.  

˙˼̂˿̎˿̄˷ ,T T T
     ̌˷̇˷́̉˼̇˿˾̊̐̕˷̖ 

̈̄˿˽˼̄˿˼ ˺̇˷˻˿˼̄̉˷ ̈̉˼̆˼̄˿ ̇˼˷́̉˿˹̄̅-

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

̆̇˿̎˼̃ ̃˷́̈˿̃˷̂̓̄˷ (̆̅ ̃̅˻̊̂̕) ˻̖̂ ̈̉̊-

̆˼̄˿ I ˿ ̃˿̄˿̃˷̂̓̄˷ (̆̅ ̃̅˻̊̂̕) ˻̖̂ ̈̉̊̆˼-

̄˿ III. 
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˧˿̈. 3. ˞˷˹˿̈˿̃̅̈̉˿ К˦˛ , ̈̉˼̆˼̄˼̀ ̇˼˷́̉˿˹̄̅̈̉˿ T
  ̊ ̖́̅̇̄   

˿ T
  ̊ ̆˼̇˿̋˼̇˿˿ ̅̉ ̆˷̇˷̃˼̉̇˷ 

0
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Fig. 3. ˨hange of the efficiency , the degrees of reactivity T
  at the root   

and T
  the periphery  on the parameter 
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1, граɞ.

l  

 
 

˧˿̈. 4. И˾̃˼̄˼̄˿˼ ̊˺̂˷ ̆̅̉̅́˷ 1 ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ 

Fig. 4. Change of the flow angle 1 by the height of the blades 
 

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

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

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

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

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

́˷ (̊˺̂̒ ̆̅̉̅́˷, ́̅̔̋̋˿̍˿˼̄̉̒ ̆̅̉˼̇̓ ́˿̄˼-
̉˿̎˼̈́̅̀ ̔̄˼̇˺˿˿ ˹ ̄˷̆̇˷˹̖̂̐̕˼̃ ˷̆̆˷̇˷̉˼ ˿ 

̇˷˸̅̎˼̃ ́̅̂˼̈˼, ˹̒̌̅˻̄˷̖ ̈́̅̇̅̈̉̓) ̆̅ ˹̒̈̅̉˼ 
̂̅̆˷̉́˿ ˹ ̇˷̈̎˼̉̄̒̌ ̈˼̎˼̄˿̖̌ 1–1 ˿ 2–2 ̄˷ 
̅̆̉˿̃˷̂̓̄̒̌ ̆̅ К˦˛ ̇˼˽˿̃˷̌.  

ˤ˷ ̇˿̈. 4 ̆̅́˷˾˷̄̒ ̇˼˾̊̂̓̉˷̉̒ ̉̇˷˹˼̇-

̈˿̇̅˹˷̄˿̖ ̊˺̂̅˹ ̆̅̉̅́˷ 1 ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿. 

ˬ̖̅̉ ̔̋̋˼́̉˿˹̄̒˼ ̊˺̂̒ 1̔̋ ̇˼̏ё̉̅́ ˹ ̈̉̊̆˼-
̄˿ I ̄˷ ̍˿̂˿̄˻̇˿̎˼̈́˿̌ ̆̅˹˼̖̇̌̄̅̈̉̌ ̉̅́˷ 

̖̆̅̈̉̅̄̄̒ ̆̅ ˹̒̈̅̉˼ ˤˢ, ̆̅̉̅̎̄̒˼ ̊˺̂̒ 1 

̊̃˼̄̓̏˷̖̉̈̕ ̅̉ ̖́̅̇̄ ́ ̆˼̇˿̋˼̇˿˿, ̎̉̅ ̉˿-

̆˿̎̄̅ ˻̖̂ ̈̉̊̆˼̄˼̀ ̈ ̉̇˷˻˿̍˿̅̄̄̒̃ ˩ˤˤˢ 

[1]. ˪˺̂̒ ̆̅̉̅́˷ 1 ˹ ̈̉̊̆˼̄˿ II ̄˼̈́̅̂̓́̅ 

̃˼̄̓̏˼, ̎˼̃ ˹ ̈̉̊̆˼̄˿ I, ̎̉̅ ̈˹̖˾˷̄̅ ̈ ̊̃˼̄̓-

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

̆̅̔̉̅̃̊ ̊˺̂̅˹ 1̔̋ ˹ ̈̉̊̆˼̄˿ II. ˦̇˿ ̔̉̅̃ ̌˷-

̇˷́̉˼̇ ˿˾̃˼̄˼̄˿̖ ̊˺̂˷ 1 ˹˻̅̂̓ ̇˷˻˿̊̈˷ ˹ ̈̉̊-

̆˼̄˿ II ̉˷́̅̀ ˽˼, ́˷́ ˿ ˹ ̈̉̊̆˼̄˿ I. ˤ˷̆̇̅̉˿˹, 

̊˺̅̂ ̆̅̉̅́˷ 1 ˹ ̈̉̊̆˼̄˿ III ̆̅̎̉˿ ̖̆̅̈̉̅̄˼̄ 

˹˻̅̂̓ ̇˷˻˿̊̈˷, ˹ ̉̅ ˹̇˼̖̃ ́˷́ ̔̋̋˼́̉˿˹̄̒˼  
̊˺̂̒ ʗ1̔̋ ̇˼̏ё̉̅́ ̄˷̇˷̈̉˷̉̕ ̆̅ ˹̒̈̅̉˼ ˤˢ. Э̉̅ 

̅˸̖̖̑̈̄˼̖̉̈ ̉˼̃, ̎̉̅ ̆̇̅̋˿̂˿ ̇˼̏˼̉̅́ ˤˢ ˹ 

̈̉̊̆˼̄˿ III ̄˷ ̖̆̉˿ ̈˼̎˼̄˿̖̌ ̆̅˹˼̇̄̊̉̒ ̉˷́, 

̎̉̅˸̒ ̊̈̉̇˷̄˿̉̓ ̇˷˾̄˿̍̊ ̃˼˽˻̊ ̊˺̂˷̃˿ 1̔̋ ˿ 

1, ̈̊̐˼̈̉˹̊̐̊̕̕ ˹ ̈̉̊̆˼̄˿ I. ˮ˿̈̂˼̄̄̒̀ 

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

̆̅˻̌̅˻˷ ̆̇˿ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ ̉̊̇˸˿̄̄̒̌ ̈̉̊̆˼-
̄˼̀ ̈ ̉̇˷˻˿̍˿̅̄̄̒̃ ˩ˤˤˢ ̆̇˿ ̊̈̂̅˹˿˿  

1 = const, ̉˷́ ́˷́ ̅́̇̊˽̄̅̀ К˦˛ ̈̉̊̆˼̄˿ III 

̃˷́̈˿̃˷̂˼̄. 

˧˼˾̊̂̓̉˷̉̒ ̉̇˷˹˼̇̈˿̇̅˹˷̄˿̖ ̊˺̂̅˹ ̆̅̉̅́˷ 1 

̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ ̆̇˼˻̈̉˷˹̂˼̄̒ ̄˷ ̇˿̈. 5. ˪˺̂̒ 

̆̅̉̅́˷ 1 ˹ ̈̉̊̆˼̄˿ I ˾˷̃˼̉̄̅ ̅̉̂˿̎˷̖̉̈̕ ̅̉ 
˺˼̅̃˼̉̇˿̎˼̈́̅˺̅ 1̂ = 56, ̖̆̅̈̉̅̄̄̅˺̅ ̆̅ ˹̒̈̅-

̉˼ ̇˷˸̅̎˼̀ ̂̅̆˷̉́˿ ˿ ̇˷˹̄̅˺̅ ̆̅̉̅̎̄̅̃̊ ̊˺̂̊ 1, 

̉̅̂̓́̅ ̄˷ ̈̇˼˻̄˼̃ ˻˿˷̃˼̉̇˼. ˙ ̆̇˿́̅̇̄˼˹̅̀ ˾̅-

̄˼ ̆̅̉̅́ ̅˸̉˼́˷˼̉ ̆̇̅̋˿̂˿ ̇˷˸̅̎˿̌ ̂̅̆˷̉̅́
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 1, граɞ.

l  

 
 

˧˿̈. 5. И˾̃˼̄˼̄˿˼ ̊˺̂˷ ̆̅̉̅́˷ 1 ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ 

Fig. 5. Change of the flow angle 1 by the height of the blades 

 

˹ ̈̉̊̆˼̄˿ I ̈ ̅̉̇˿̍˷̉˼̂̓̄̒̃˿, ˷ ˹ ̆˼̇˿̋˼̇˿̀-

̄̅̀ – ̈ ̆̅̂̅˽˿̉˼̂̓̄̒̃˿ ̊˺̂˷̃˿ ˷̉˷́˿. ˙ ̈̉̊-

̆˼̄˿ II ˾̄˷̎˿̉˼̂̓̄˷̖ ̎˷̈̉̓ ˧ˢ, ˾˷ ˿̈́̂̎̕˼̄˿-

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

̉˼̂̓̄̒̃˿ ̊˺̂˷̃˿ ˷̉˷́˿. ˙ ̈̉̊̆˼̄˿ III ̇˷˸̅̎˷̖ 

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

˩˷́˿̃ ̅˸̇˷˾̅̃, ̆̇˿ ̊̈̉̇˷̄˼̄˿˿ ̆̅̂̅˽˿̉˼̂̓-

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

˧ˢ ̈ ̃˼̄̓̏˿̃ ˺˼̅̃˼̉̇˿̎˼̈́˿̃ ̊˺̂̅̃ (̄˷̆̇˿-

̃˼̇, 1̂ = 45) К˦˛ ̈̉̊̆˼̄˿ III ˻̅̂˽˼̄ ˾˷̃˼̉-
̄̅ ̊˹˼̂˿̎˿̖̉̓̈. 

ˤ˷ ̇˿̈. 6 ̆̅́˷˾˷̄̒ ̇˼˾̊̂̓̉˷̉̒ ̉̇˷˹˼̇̈˿̇̅-

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

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

̈̉̊̆˼̄˼̀ I ˿ II. ˙ ̆̇˿́̅̇̄˼˹̅̀ ˾̅̄˼ ˾˷́̇̊̉́˷ 
̆̅̉̅́˷ ˾˷ ̔̉˿̃˿ ̈̉̊̆˼̖̄̃˿ – ̅̉̇˿̍˷̉˼̂̓̄˷̖, ˷ 
˹ ̆˼̇˿̋˼̇˿̀̄̅̀ – ̆̅̂̅˽˿̉˼̂̓̄˷̖; ̄˷ ̈̇˼˻̄˼̃ 

˻˿˷̃˼̉̇˼ ̊˺̅̂ 2  80. ˙ ̈̉̊̆˼̄˿ III ̊˺̅̂ 2 

̊̃˼̄̓̏˷˼̖̉̈ ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ ̄˼̈́̅̂̓́̅ 

̃˼̄̓̏˼, ̎˼̃ ˹ ̈̉̊̆˼̖̄̌ I ˿ II, ̄˷ ̈̇˼˻̄˼̃ ˻˿˷-
̃˼̉̇˼ ̊˺̅̂ 2  63. ˩˷́˿̃ ̅˸̇˷˾̅̃, ̅̆̉˿̃̊̃ 

̆̅ К˦˛ ˹ ̈̉̊̆˼̄˿ III ̇˼˷̂˿˾̊˼̖̉̈ ̆̇˿ ˾˷̃˼̉̄̅ 

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

̖̖̈̄˼̖̉̈ ̄˷̂˿̎˿˼̃ ˸̅̂̓̏˿̌ ̆̅̂̅˽˿̉˼̂̓̄̒̌ 
̊˺̂̅˹ ˷̉˷́˿ ̄˷ ˹̌̅˻˼ ̆̅̉̅́˷ ˹ ˧ˢ. 

˧˷̈̆̇˼˻˼̂˼̄˿˼ ̊˺̂˷ ̆̅̉̅́˷ 2 ̆̅ ˹̒̈̅̉˼ 
̂̅̆˷̉́˿ ̆̇˼˻̈̉˷˹̂˼̄̅ ̄˷ ̇˿̈. 7. ˪˺̂̒ 2 ˹ ̍˼-
̂̅̃ ̊̃˼̄̓̏˷̖̉̈̕ ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿, ̎̉̅ ̅˸̑-

̖̖̈̄˼̖̉̈ ̊˹˼̂˿̎˼̄˿˼̃ ̔̋̋˼́̉˿˹̄̅˺̅ ̊˺̂˷ 2̔̋ 

˻̖̂ ̇˼̏ё̉́˿, ̖̈̅̈̉̅̐˼̀ ˿˾ ̇˷˸̅̎˿̌ ̂̅̆˷̉̅́ 

̖̆̅̈̉̅̄̄̅˺̅ ̆̇̅̋˿̖̂. ˦̇˿̃˼̇̄̅ ̉̇˼̉̓ ̆̇̅-

̉̅̎̄̅̀ ̎˷̈̉˿ ˾˷ ˧ˢ ̊ ̆˼̇˿̋˼̇˿˿ ˾˷̖̄̉˷ ̃̅̐-

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

˸˿̄̄̅̀ ̈̉̊̆˼̄˿ ̈ ˩ˤˤˢ [15] ˿ ̄˼˸̂˷˺̅̆̇˿̖̉-
̄̒̌ ̊̈̂̅˹˿̀ ̅˸̉˼́˷̄˿̖ ̆˼̇˿̋˼̇˿̀̄̒̌ ̈˼̎˼-
̄˿̀ ̆˼̇˷ ˤˢ, ̅˸̇˷˾̊̐̕˼˺̅ ̉̊̆̅̀ ̊˺̅̂ ˹ ̃˼̈̉˼ 
̈̉̒́˷ ̈ ̅˸˹̅˻̅̃ ̆̇̅̉̅̎̄̅̀ ̎˷̈̉˿. ˤ˷̂˿̎˿˼ 
̔̉̅̀ ˹˿̌̇˼˹̅̀ ̈̉̇̊́̉̊̇̒ ̄˷˸̂̕˻˷˼̖̉̈ ˿ ̄˷ 
̇˿̈. 8–10. 
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 2, граɞ.

l  

 
 

˧˿̈. 6. И˾̃˼̄˼̄˿˼ ̊˺̂˷ ̆̅̉̅́˷ 2 ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ 

Fig. 6. Change of the flow angle 2 by the height of the blades 

 

2, граɞ.

l  

 
 

˧˿̈. 7. И˾̃˼̄˼̄˿˼ ̊˺̂˷ ̆̅̉̅́˷ 2 ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ 

Fig. 7. Change of the flow angle 2 by the height of the blades 
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1, граɞ.

l  

 
 

˧˿̈. 8. И˾̃˼̄˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ 1 ̆̅̉˼̇̓ ́˿̄˼̉˿̎˼̈́̅̀ ̔̄˼̇˺˿˿  

̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ ˹ ̄˷̆̇˷˹̖̂̐̕˼̃ ˷̆̆˷̇˷̉˼ 
Fig. 8. Change of the coefficient of losses of kinetic energy 1  

for the guide vanes by the height of the blades 

 

 2, граɞ.

l  

 
˧˿̈. 9. И˾̃˼̄˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ ̆̅̉˼̇̓ 2 ́˿̄˼̉˿̎˼̈́̅̀ ̔̄˼̇˺˿˿  

̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ ˹ ̇˷˸̅̎˼̃ ́̅̂˼̈˼ 
Fig. 9. Change of the coefficient of losses of kinetic energy 2 for the impellers by the height of the blades 
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 с2, граɞ.

l  

 
 

˧˿̈. 10. И˾̃˼̄˼̄˿˼ ˹̒̌̅˻̄̅̀ ̈́̅̇̅̈̉˿ c2 ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ 

Fig. 10: Change of the velocity outlet c2 by the height of the blades 

 

ˤ˷ ̇˿̈. 8 ˿ 9 ̆̇˼˻̈̉˷˹̂˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ̉̇˷-
˹˼̇̈˿̇̅˹˷̄˿̖ ́̅̔̋̋˿̍˿˼̄̉̅˹ ̆̅̉˼̇̓ ́˿̄˼̉˿-

̎˼̈́̅̀ ̔̄˼̇˺˿˿: 1 ˹ ̄˷̆̇˷˹̖̂̐̕˼̃ ˷̆̆˷̇˷̉˼ ˿ 

2 ˹ ̇˷˸̅̎˼̃ ́̅̂˼̈˼. К˷́ ̅˸̒̎̄̅ [15], ̆̅˻ 

˹̂˿̖̄˿˼̃ ˩ˤˤˢ ˹ ̈̉̊̆˼̖̄̌ I ˿ II ̊̂̊̎̏˷˼̖̉̈ 

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

̐˿̌ ̂̅̆˷̉̅́, ̄̅ ̆̅̉˼̇˿ ˹ ̆˼̇˿̋˼̇˿̀̄̒̌ ̈˼-
̎˼̄˿̖̌ (˹ ̉̅̃ ̎˿̈̂˼ ˿ ˹ ̈̉̊̆˼̄˿ III) ˹̅˾̇˷̈̉˷-
̉̕ ̆̅ ̆̇˿̎˿̄˼, ̊́˷˾˷̄̄̅̀ ˹̒̏˼. К̅̔̋̋˿̍˿-

˼̄̉ ̆̅̉˼̇̓ ́˿̄˼̉˿̎˼̈́̅̀ ̔̄˼̇˺˿˿ 1 ˹ ̄˷̆̇˷˹-

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

˹̒̈̅̉̒ ̂̅̆˷̉́˿ ̅̉ ́̅̇̄˼˹̅˺̅ ̈˼̎˼̄˿̖ ˸̅̂̓̏˼, 
̎˼̃ ˹ ̈̉̊̆˼̖̄̌ I ˿ II. Э̉̅ ̅˸̖̖̑̈̄˼̖̉̈ ̇̅̈̉̅̃ 

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

̆̅˹̅̇̅̉˷ ̆̅̉̅́˷ ˹ ̔̉̅̀ ̎˷̈̉˿ ̇˼̏ё̉́˿ ˤˢ, ˷ 
̉˷́˽˼ ́̇̅̃̅̎̄̒̌ ̆̅̉˼̇̓ ˿˾-˾˷ ̊̃˼̄̓̏˼̄˿̖ 

̇˷˾̃˼̇̅˹ «˺̅̇̂» ́˷̄˷̂̅˹ ˹ ̈˼̎˼̄˿̖̌ 1, 2 ˿ 3 

(̈̃. ̇˿̈. 2). К̅̔̋̋˿̍˿˼̄̉ ̆̅̉˼̇̓ ́˿̄˼̉˿̎˼-
̈́̅̀ ̔̄˼̇˺˿˿ 2 ˹ ̇˷˸̅̎˼̃ ́̅̂˼̈˼ ˹ ̈̉̊̆˼̄˿ III 

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

̆˼̖̄̌ I ˿ II, ̎̉̅ ̅˸̖̖̑̈̄˼̖̉̈ ̄˷̂˿̎˿˼̃ ̈̊̐˼-

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

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

̇̅̈̉˿ ȑ2 ̆̅ ˹̒̈̅̉˼ ̂̅̆˷̉́˿ ̆̅́˷˾˷̄̒ ̄˷ ̇˿̈. 10. 

˙̒̌̅˻̄˷̖ ̈́̅̇̅̈̉̓ ȑ2 ̈̉̊̆˼̄˿ III ˾˷̃˼̉̄̅ ̃˼̄̓-
̏˼, ̎˼̃ ˹ ̈̉̊̆˼̖̄̌ I ˿ II. И̃˼̄̄̅ ̆̅ ̔̉̅̀ ̆̇˿-

̎˿̄˼ ̈̉̊̆˼̄̓ III ˿̃˼˼̉ ̃˷́̈˿̃˷̂̓̄̒̀ ̅́̇̊˽̄̅̀ 

К˦˛, ̄˼̖̈̃̅̉̇ ̄˷ ̄˼́̅̉̅̇̅˼ ̊˹˼̂˿̎˼̄˿˼ ́̅̔̋-

̋˿̍˿˼̄̉̅˹ ̆̅̉˼̇̓ ́˿̄˼̉˿̎˼̈́̅̀ ̔̄˼̇˺˿˿ 1 ˿ 2 

̆̅ ̈̇˷˹̄˼̄˿̕ ̈̅ ̈̉̊̆˼̖̄̃˿ I ˿ II.  

ǉǢǬǭȀǹǧǯǪǧ 

Ӥ̈̂˼˻̅˹˷̄˿̖ ̉̇ё̌ ̉̊̇˸˿̄̄̒̌ ̈̉̊̆˼̄˼̀ ̈ 
̉̇˷˻˿̍˿̅̄̄̒̃ ˩ˤˤˢ, ̆̇̅˹˼˻˼̄̄̒˼ ̄˷ ˹˿̇̉̊-
˷̂̓̄̅̃ ̈̉˼̄˻˼ (ANSYS CFX), ̆̅́˷˾˷̂˿ ̍˼̂˼-
̈̅̅˸̇˷˾̄̅̈̉̓ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˤˢ ̈ ̉˷̄˺˼̄̍˿-

˷̂̓̄̒̃ ̄˷́̂̅̄̅̃ ̆̇̅̋˿̂˼̀, ̄˷̌̅˻̖̐˿̖̌̈ ̄˷ 
̍˿̂˿̄˻̇˿̎˼̈́˿̌ ̆̅˹˼̖̇̌̄̅̈̉̌ ̉̅́˷ (̈̉̊̆˼̄˿ I 

˿ III). ˦̇̅˼́̉˿̇̅˹˷̄˿˼ ˤˢ ̈ ̉˷̄˺˼̄̍˿˷̂̓̄̒̃ 

̄˷́̂̅̄̅̃ ˾˷ ̈̎˼̉ ̆̅˹̅̇̅̉˷ ̆˼̇˷ ˹̈˼̀ ˤˢ (̈̉̊-

̆˼̄̓ II) ̃˼̄˼˼ ˸̂˷˺̅̆̇˿̖̉̄̅. 
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˨̉̇˼̃̂˼̄˿˼ ˻̅˸˿̖̉̓̈ ˹ ̈̉̊̆˼̄˿ ̈ ̉̇˷˻˿̍˿-

̅̄̄̒̃ ˩ˤˤˢ ˹̒̆̅̂̄˼̄˿̖ ̊̈̂̅˹˿̖ ̖̆̅̈̉̅̄-

̈̉˹˷ ̊˺̂˷ ̆̅̉̅́˷ 1 = const ̆˼̇˼˻ ˧ˢ ̉̇˼˸̊˼̉ 

̆̇̅˼́̉˿̇̅˹˷̄˿̖ ˤˢ ̈ ̄˷̇˷̈̉˷̐̕˿̃ ˹˻̅̂̓ ̇˷-
˻˿̊̈˷ ̔̋̋˼́̉˿˹̄̒̃ ̊˺̂̅̃ 1̔̋ ̇˼̏ё̉̅́ ̆̇̅-

̋˿̂˼̀ (̈̉̊̆˼̄̓ III). 
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ǚǤǢǲǸмǢǯ ǐ.А. Ӥ̈̂˼˻̅˹˷̄˿˼ ˿ ̅̉̇˷˸̅̉́˷ ̈̉̊̆˼̄˼̀ 

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

̂̅̔̄˼̇˺˼̉˿́˷. 1983. №3. ˨. 50–55. 

6. ǍǢǱǺǪǯ К.Ǎ. К̅̃̆̓̉̕˼̇̄˷̖ ̅̆̉˿̃˿˾˷̍˿̖ 

̆˷̇̅˹̒̌ ˿ ˺˷˾̅˹̒̌ ̉̊̇˸˿̄ [˩˼́̈̉]: ˣ̅̄̅˺̇˷̋˿̖ 

[Э̂˼́̉̇̅̄̄̒̀ ̇˼̈̊̇̈]. ˨˦˸.: И˾˻-˹̅ ˦̅̂˿̉˼̌̄. ̊̄-

̉˷, 2018. 200 ̈. URL: http://elib.spbstu.ru/dl/2/s18-

1.pdf>, http://doi.org/10.18720/SPBPU/2/s18-1 

7. ǍǢǱǺǪǯ К.Ǎ. ˥̆̉˿̃˿˾˷̍˿̖ ̆̇̅̉̅̎̄̒̌ ̎˷̈̉˼̀ 

̆˷̇̅˹̒̌ ˿ ˺˷˾̅˹̒̌ ̉̊̇˸˿̄ [Optimization of flow parts 

of stream and gas turbines]: ˣ̅̄̅˺̇˷̋˿̖ [Э̂˼́̉̇̅̄-

̄̒̀ ̇˼̈̊̇̈]. ˨˦˸.: И˾˻-˹̅ ˦̅̂˿̉˼̌̄. ̊̄-̉˷, 2013. 

198 ̈. URL: http://dl.unilib.neva.ru/dl/2/3476.pdf 

8. ǍǢǱǺǪǯ К.Ǎ. ˧˷˾˹˿̉˿˼ ̅˻̄̅̃˼̇̄̅̀ ̉˼̅̇˿˿ 

̅̈˼˹̒̌ ̉˼̆̂̅˹̒̌ ̉̊̇˸̅̃˷̏˿̄. ˨˦˸.: И˾˻-˹̅ 

˨˦˸˦˪,2018. 50 ̈. 

9. ǍǢǱǺǪǯ К.Ǎ. ˥̆̉˿̃˿˾˷̍˿̖ ̆̇̅̉̅̎̄̒̌ ̎˷̈̉˼̀ 

̆˷̇̅˹̒̌ ̉̊̇˸˿̄ ̈ ̆̇˿̃˼̄˼̄˿˼̃ «˿̄̉˼˺̇˷̂̓̄̒̌» 

̈̅̆̂̅˹̒̌ ̂̅̆˷̉̅́ // ˤ˷̊̎̄̅-̉˼̌̄˿̎˼̈́˿˼ ˹˼˻̅̃̅-

̈̉˿ ˨˦˸˚˦˪. 2013. № 1 (166). ˨. 61–66. 

10. ǍǢǱǺǪǯ К.Ǎ., ǖомǪǯ В.Ǔ., АǤǲǵǴоǤ Ǉ.А., КǪ-

ǲǪǭǭоǤ В.И. ˙̂˿̖̄˿˼ ̉˷̄˺˼̄̍˿˷̂̓̄̅˺̅ ̄˷́̂̅̄˷ ̄˷-
̆̇˷˹̖̂̐̕˿̌ ̂̅̆˷̉̅́ ̄˷ ̈̉̇̊́̉̊̇̊ ̆̅̉̅́˷ ˿ ̌˷̇˷́-

̉˼̇˿̈̉˿́˿ ̅̈˼˹̅̀ ̉̊̇˸˿̄̄̅̀ ̈̉̊̆˼̄˿ // И˾˹. ˹̊˾̅˹. 

Э̄˼̇˺˼̉˿́˷. 1985. № 7. ˨. 76–80. 

11. ǓмǪǲǯоǤ Ǉ.ǎ., КǪǲǪǭǭоǤ А.И., ǒǪǳ В.В. 

˥̆̒̉ ̎˿̈̂˼̄̄̅˺̅ ˷̄˷̂˿˾˷ ̆̇̅̈̉̇˷̄̈̉˹˼̄̄̒̌ ̉̊̇˸̊-
̂˼̄̉̄̒̌ ̉˼̎˼̄˿̀ ˹ ̉̊̇˸̅̃˷̏˿̄˷̌ // ˤ˷̊̎̄̅-

̉˼̌̄˿̎˼̈́˿˼ ˹˼˻̅̃̅̈̉˿ ˨˦˸˚˦˪. 2004. № 1. ˨. 56–70. 

12. КǪǲǪǭǭоǤ А.И., ǒǪǳ В.В., ǓмǪǲǯоǤ Ǉ.ǎ. 

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

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

˹ ̉̊̇˸̅̃˷̏˿̄˷̌ // ˨̆̇˷˹̅̎̄˿́. Ӣ˽˼̄˼̇̄̒̀ ˽̊̇-
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