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Variant calculation is the first step in gas dynamic design. The study provides brief information on the 

simplified mathematical model of efficiency and basic equations for estimating the efficiency and basic 

parameters of compressors. It is possible to compare the variants of compressors with a different number of 

shafts and rotation frequencies, with a different number and location of gas coolers in the flowing part, with 

different types of impellers and diffusers. Examples of a variant calculations are given for two types of 

compressors of a linear gas compressor unit and of a compressor for underground gas storage. It is shown 

that single-shaft compressors for underground gas storages should be optimized by selecting the maximum 

possible number of stages, by selecting the ratio of loading factors and the diameters of the impellers. It is 

shown that the single-shaft scheme of a general-purpose air compressor is inferior in efficiency to a two-

shaft scheme with a large number of intermediate cooling. 



 

 

25 

Энергетика и электротехника

Keywords: centrifugal compressor, mathematical model, conditional flow coefficient, pressure ratio, 

efficiency. 

Citation:  

A.F. Rekstin, B.V. Bakaev, Variant calculations for industrial centrifugal compressors based on simplified 

mathematical model, St. Petersburg polytechnic university journal of engineering science and technology, 

24(04)(2018) 24–38, DOI: 10.18721/JEST.24403. 

В  

   

    ( -

 , ). 

В     

     -

  .  -

    -

     -

 .   -

    -

,     

    -

 (  К ),   -

     

   

. 

   – 

   , -

   -

 ( )       -

       

 .    

   .  -

         

  .  

    -

   -

  . В    

    -

:  

 ,    

  ; 

   ; 

    ; 

  ; 

 ; 

  ; 

   (   -

); 

  ( , -

).  

  –  

    . 

     

   

(   )   

 .     

  –  

    

, . .   К .  

   

 ,   -

   

    -

 [1–11]. 

К    -

  [12–15]  -

   -

     -

 .   

     -

 .    

,      

 ,    

   К  . 

  –   

    -

    

    -

 ,     

    -

   . 



 

26 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 24, №4, 2018

о   о хо  

о  я мо м о о  

     -

    ,    

 «z» :*  

 

а а 1 а 2 а z

*
20

а 1 2 2*
0 а 1

*
20

а 2 2 2*
0 а 2

*
20

а  z 2 2*
0 а z

= = = ... =

Φ

=Φ = ...

... =Φ .

m m m m

p
D u

RT

p
D u

RT

p
D u

RT



 
   

 

 
  
 

 
  
 

 (1) 

2
2 2

π n
= = 0,05235 ,

60

D
u D n   -

,    ,  

 

    
 

 
 

 

 
 

* 3
а а 10 1 2 1 а

*
20 а 2

а 2 2(2) 2(1)*

0 1

*
20 а i

а 2( ) 2(1)*

0 1

/ 0,05235 =Φ =

=Φ / =

= ... =Φ / .i i

m D n

D D

D D











 (2) 

     

( К)       

 
2( ) 2(1)/iD D  –    

 .  

К     – 

      -

   –    -

     -

 ,          
* *

0 +1 0 0 +1 0
ρ / ρ ρ / ρ :

i i i i
  

 

 
 

     

 

 

 

* * *
0 +1 0 0

* * *
0 00 +1

1
* 1

0 +1

*

0

ρ ρ
= / =

=

*

.
i

i

i

i i i

n
i

i

RT RT

T

T

 
  

    
            

 
 
 
 

 (3) 

                                                      
* .    . 

     -

     К .  -

  =
1 1

n k

n k


 
 -

     К    

     

 

*

*

1=

1
1

.

k

kn
k

k






 (4) 

    

  : 

 
 

 

 
 

 

2
2( )а*

0
*

0 +1

* *

0 0а

ψ
+

1= .

ii i

i

i

i i

u
T

k
RT

k

T T

 
 

 
 

 (5) 

    i 

    -

      

    -

 :  

 
 

  2 2

ψ = ψ 1+β +β =

= / 1+β +β .

i

uc u
 (6) 

   -

   -

        –  -

 ,    -

   К ,  -

, ,   [16–17].  

,    – 

    , 

    К ,  

 ,   .  

    

      

   -

 :  

 

β = 0,01182
Φψ

β = 0,707
Φ

2

1

;
22,68

.
D

D

K





   (7) 



 

 

27 

Энергетика и электротехника

    

  ,  

     

  К  : 

 

*
1 1

* *
а а= π 1

1
.

k

k

k

k

i

k
H RT

k

  
 
   

 (8) 

  ,   -

    : 

      
2
21 2

1

= + +...+ = ψ .
z

i ii i i z
H h h h u  (9) 

   : 

 = .i iN H m  (10) 

    

    -

:  

      
* * * *

1 2
... .

z
      (11) 

  ,  

  : 

 

*

* 1
* 1

* 2

*
*0

0

.1

1

k

k k

k
ihT

kT RT
k





 
  

             

 (12) 

     -

   аm   -

  
*
а      

      
* *

0 1
(T T   

* ),p    = /p vk c c   -

   R, / /К.    

     -

   
*
0p     1-  -

. 

    -

    -

    -

   ,  -

     

  .  

:       

  1-  ,  

,   -

  .    

    -

  1-  ,   

,  – ,   -

   ,   

,  , К   

  .  

    -

     

.    -

       

  ,    -

         

.  

    

       

,    1-  -

   .     

   . 

 ,  , 

  .  

о я м м я мо   

К Д об о   

   К  

    -

    -

  .  

   , -

    , -

    -

.  

   

     

       

     

,     -

  . К     

      



 

28 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 24, №4, 2018

  – .D   

 ,D        

 .  ,   -

 , К  .  

В  [15]    

К     , 

  .       

       

.      

    К,    -

. В     

  ,  

К  .    

,       

К     .  

В    -

 –    –    

  .   

  ,      -

 ,    

К .     ,    

  К,    -

     К.  

  , 

 К  ,   -

 ,    -

   .  

   : 

  * , , ,M ,Re .,u uf D k  ;  (13) 

В    -

    

  [19]: 

 
u

*
11 .D MX K K K K      (14) 

 1 = 0,12    

K = 1   К   

  88 %. В    

    . 

    К  

     -

 2 2Re /u u D   6 000 000  -

  2/k k D  0,000015.  

 : 

 а а а а 

   0,085 

   4

2 31 0,085 ;
X

K X X      (15) 

  > 0,085 

    6 8
51 0,085 1 ;

X X
K X X D     (16) 

   > 0,085  -

  ; 

 а а  

а а 

   10

9 0 ;1 ,5
X

K X      (17) 

    < 0,5,  

 1;K   (18)  

    < 0,42   -

,   -

 ; 

 а в   

   1312
111 .1

XX
DK X D    (19) 

Э     ,   -

     -

       

   . -

    -

     -

 ; 

 а а а а 

 15 16
M 141 (M 0,5) ( 0,0 .1)

u

X X

uK X     (20) 

 ,  

  ,   -

  . Э   

 ,      

    К,    

   .  

      

     К  -

  . В  



 

 

29 

Энергетика и электротехника

   К  

   .  

     

   . 

о  о .  

м  х о  

об о   ом о о  о о  

х м  (о о  б  ом о о о ох -

я).    -

      

К     –  

(1)–(12).    

  К     

   .  

К   D   

,    ,  -

    [4]. В -

       

  (    D   

 0,25):  

 

0,5

0,5

  0,00044( 2,3)

0,00

;

0813( 2,  ) .3

D i n

D i n  

 
 (21) 

    -

       

    , -

 ,  , -

     

   : 

  
2 3
max 2 1

,
4

V L D D


  (22) 

 1 1 1
1

11 4,5
i

L b D b    –  ; 

2 2/3
1 1,26D D   –   ; 

2 2
1

1
14

D D
b

D


  –   К  ; 

4 1,57,D   (1) > 0,055, 4D  1,57 – 2,5(0,055 –  

– Ф 1),   1
;0,055  max 4 14 .D D b   

 (21)  (22)    

     

.      -

    

 .  

    

К  ,     

 ,   -

  .  

    

  .    

   -

     -

      = 0,30–0,80.   

     -

        

   (0,15),   -

 К    .  

     

    

  . 

Ком о  о о А 25 В  *( = 1,44) 

я о о о  7,45 А 

   4850 / . 

 . 1    

   .  

   А  -

      0,55–0,57.  

  ,   -

  .  

 [15]: 

    

  .  -

     

     -

  ; 

    -

 .  К   

. 

    -

    = 0,55    

 = 0,174,   К  . -

   357 /    

 . В  . 



 

30 

Научно-технические ведомости CПбПУ. Естественные и инженерные науки. Том 24, №4, 2018

 
 

 
 

. 1.     А 25 В  *( p = 7,45 )  ,  

   

Fig. 1. Parameters of variants of the compressor of linear GPU 25 MW *( p  = 7,45) MPa at one, two and three stages 
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. 2.     А 25 В  *( p = 9,91 )      

Fig. 2. Parameters of variants of the compressor of linear GPU 25 MW *( p = 9,91 MPa) at two and three stages 
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Fig. 3. Parameters of the compressor of the underground gas storage, depending on the theoretical head ratio  

for a different number of stages 
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Fig. 4. Constructive and gas dynamic parameters of the first of the considered versions of a two-shaft compressor 
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