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ENERGY CHARACTERISTICS  

OF MOLECULAR-VISCOUS VACUUM PUMPS 

The paper discusses the components of energy costs for high-vacuum pumps, which also include molecular-

viscous vacuum pumps, which are a new modern development. The principle of operation of molecular-

viscous pumps allows them to operate in a wide pressure range, i.e., from high vacuum through to low. Due 

to changes in the range of operating pressures generated by the pump, there is a significant increase in the 

power of the pump motor (typically with an increase in pressure). At the moment there is no data about the 

energy consumption of these pumps. Analysis of the working conditions of the molecular-viscous vacuum 

pump in various ranges of pressures helped to identify the main factors influencing the change in the power 

and measures for decreasing it, for example, by redistribution of loads in the stages of multistage pumps, 

change of  step lengths, rotation speeds of pump rotors. Reducing the energy costs of the pump will reduce 

the power consumption and cost of pumps, improving their operational efficiency. 

Keywords: molecular–viscous vacuum pump, power characteristic, power, speed regulation of the engine. 

Citation:  

V.S. Klyucharov, N.K. Nikulin, E.V. Svichkar, Energy characteristics of molecular-viscous vacuum pumps, 

St. Petersburg polytechnic university journal of engineering science and technology, 25(01)(2019) 30–39, DOI: 

10.18721/JEST.25103. 



 

 

31 

Энергетика и электротехника

А о  о о   

 о  о   о  

     -

     – 

   

,    -

 ,  

 .   -

   -

,      -

  ,  -

  . , 

   

 ( ),    

 ,    

,      

   -

       

 .    

   -

   [1–5]. -

    

     

    

.     -

   -

   , 

 , ,   -

-    [6–13]. В 

    -

     

    -

,      

      -

,      -

  .   

   -

   , -

      -

,    -   

  [3–5, 6–13].  

    , 

     -

   ( ВВ ) [7], -

  -  -

 ,   -

    -  

    -

          

     ,   

     

-  .  -

 -  -

     

  0,15·10–3    -

 60·10–3  [1, 3]    

   . 

 ,    -

    

    -

 ,   

,     

,    

.    -

      

    -

     -

   .  

  

 м  о о  

     

    -

 [14],    

      -

  ,    

 .   -

    -

    , 

   -

   ,    

    ,   

    -

 (    ).  

 ВВ      10 

 105       

150–180 /      

  ( . 1).  



 

32 

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

 

      

N, В  

1500

1000

500

0
100 120 140 160 180  u, /  

 
 

. 1.  ,   ВВ ,  

         105 (1), 104 (2)  103 (3)  

Fig. 1. The dependence of the power consumed by the stage MWN on the circumferential speed  

of the rotor at a pressure of 105 (1), 104 (2)  103 (3) 
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Fig. 2. Chart of dependency of power consumption MWN from the relationship l2/l3  

at different lengths of the first stage: 1 – l1 = 50 mm; 2 – l1 = 100 mm; 3 – l1 = 200 mm 
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Fig. 3. Schematic diagram of the experimental stand 
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Fig. 4. The energy diagram of the induction motor 
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Fig. 5. The dependence of the isothermal operation of the suction pressure  

at values of the discharge pressure 105 (1) and 104 (2) Pa 

 

В     

 ,    

   [16],   50  150 В . 

,    

   ,  

 

 



710

,
9550

M n
N  (10) 

  –    , -

      

 : 

   
2

7 3
3

o10 .M n f D  (11) 

 ν –    

 , 2/ ; fo – -

,      

 ; D   –   -

, . 

,    

 ,   

 





2

,
1800

In
N

t
 (12) 

 I –     

 , · 2; n –   -

, / ; t –     -

  , ; η  –  

К . 

    -

   -

     

 ( . 6). 

     ВВ  

   

   -

,     -

  .    -

   -

  ( . 7).   

    -

    -

     -

   ( ,  

 ),   -

    -

 . 



 

 

37 

Энергетика и электротехника

   

  

 

   

  

 
 

. 6.      

Fig. 6. Methods of asynchronous motor speed control 
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Fig. 7. Wiring diagram of motor to MVVN  
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