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EXPERIMENTAL DETERMINATION OF OPERATIONAL SPEED  
OF A MOLECULAR VISCOUS STAGE OF A VACUUM PUMP 

We have experimentally investigated the evacuating characteristics of a molecular viscous stage of a 

combined turbomolecular pump. This study has been conducted for a stage with trapezoidal channels 

operating in viscous or transient regimes of gas flow. The paper describes the experimental stand used to 

obtain the experimental data, namely, measured speed of the pump in a wide range of pressures. The 

obtained experimental data have been used to analyze the influence of the velocity parameters of the pump 

stage on its operational speed. The ways of increasing the operational speed of the pump have been 

determined without changing the overall dimensions of the pump as a whole. The obtained results allow to 

improve the evacuating characteristics of combined turbomolecular vacuum pumps and the parameters of 

the high-vacuum system where they are installed. 
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Fig. 1. Molecular viscosity stage 
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Fig. 2. Schematic diagram of the experimental stand 

 

  -

-  ,   -

 -   -

,   ,   -

  . 2. 

Э     -

   CV2  -

   CV1. В  -

 ,   -

 , .  -

    -

,      

 .  -

  ,   , 

  VF.  

    , 

    

    , 

     

«В    » 

  .Э. .   

    -

     

 .    

     

  .  

В    

 ,  -

     5 %. К  

     -

    -

      -

   .  -

    

-    -

  . 

 м о о о я 

б о я мо я о- я о о   

о о о   

 . 3  -

     -

      

,    -

      

    ,
p

p
   



 

 

93 

Энергетика и электротехника

  –   , ;  – 

  , . Э -

   , 

   –  , 

   -

,    [3]: 

2 2
1 1 2

2

23 3 2 3
3 2 32 2

2 22
2

2

8 3 ln

,
8 2

tg 3 ln
3 3 23cos

в
LN

p p
h

S u h u h
h

hh h h
h h

h


  



 
      

            

  

 L –  , ; N –  ; 1 – 

    

    ;  – 

 , · ; u –    

   , / ; 2 – 

 ,  

    -

, ; h –  , ;  –   

     , ; 

 –     

  .  

   -

     

 4 %.    -

  104  105     

    

 -  -

      

(    1,5). 

 

  

S, /с
6

5

4

3

2

1

0

1 1,2 1,4 1,6 1,8 2,0 2,2   
 

. 3.   ВВ      : 

1 – p  = 104 ; 2 – p  = 2,6·104 ; 3 – p  = 3,8·104 ; 4 – p  = 105  

Fig. 3. Pumping characteristics of MVVN at different values of discharge pressure: 

1 – p  = 104 Pa; 2 – p  = 2,6·104 Pa; 3 – p  = 3,8·104 Pa; 4 – p  = 105 Pa 



 

94 

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

В о  

В   -

   -

     -

.     

  -

   -

    (  103 ) 

    

.    -

   ,  

  ,    -

  , -

    

   103 . -

  ,   -

 -    

  -

     -

     

    . 

В    -

      

 ,   -

 . В  -

     -

 ,   -

 ,      -

- ,   -

         

    

. 

В    -

   ,   

   -

-    -

    

  80 / . Э   -

     , 

  ,  , -

 200 / .  

   ВВ   

      

      

    -

  ,  -

    . 

СПИСОК ЛИТЕРАТУРЫ 

1. Sharipov F. Rarefied gas dynamics and its appli-

cations to vacuum technology // Prepared for Vacuum 

in Accelerators: Specialized Course of Conference: 

C06–05–16.1. P. 1–13.  : http://fisic 

a.ufpr.br/ (  : 25.09.2018). 

2. Giors S. Solved and unsolved gas dynamics prob-

lems for turbomolecular drag pumps: an industrial over-

view // 64th IUVSTA Workshop on Practical Applica-

tions and Methods of Gas Dynamics for Vacuum 

Science and Technology. 2011. P. 1 –26.  -

: http://www.itep.kit.edu (  : 

25.09.2018). 

3. Audi M., Giors S., Gotta R. The state of the art in 

Molecular–Drag Turbo–pump Technology // Agilent 

Technologies Vacuum Products Division. Agilent Tech-

nologies GmbH, 2011. P. 1–26. 

4.  .В.   -

        

 -   

  -    

. . … . .  / , 2017, 169 . 

5. Giors S., Colombo E., Inzoli F., Subba F., Zanino R. 

Computational fluid dynamic model of a tapered Hol-

weck vacuum pump operating in the viscous and transi-

tion regimes. I. Vacuum performance // J. Vac. Sci. 

Technol. A. 2006. Vol. 24. № 4. P. 1584–1591. 

6. Х б я  .Х.,  . ., м -

о  А.В. [  .] В  . , 

, , . . 2: 

В  . К : К , 2016. 300 .  

7. Kwon M.K., Hwang Y.K. An experimental study 

on the pumping performance of molecular drag pumps 

// Journal of Mechanical Science and Technology. 

2006. Vol. 20. № 9. P. 1483–1491. 

8. Д м хо  К. .   -

    // 

В   . .Э. . .: -

. 2014. № 5. . 3–11. 



 

 

95 

Энергетика и электротехника

9. Skovorodko P.A. Some features of the flow in the 

Holweck pump / Institute of Thermophysics.  

: http://arxiv.org (  : 

10.10.2015). 

10. Skovorodko P.A. Continuum model for 

Couette–Poiseuille flow in a drag molecular pump / 

Institute of Thermophysics.  : 

http://arxiv.org (   10.10.2015). 

11. Nanbu K., Igarashi S. Tree–dimensional low–

density flows in the spiral grooves of a Turbo–molecular 

pump // Computers Fluids. 1992. Vol. 21. P. 221–228. 

12. Jou R.Y. Geometrical design of turbo pump’s 

rotor by the power law methodology / Department of 

Mechanical Design Engineering, 64 Wen-Wha Rd., 

Huwei. Yunlin. P. 632.  : http://sparc.n 

fu.edu.tw (  : 25.09.2018). 

13. Sharipov F. Rarefied gas dynamics and its appli-

cations to vacuum technology // Prepared for Vacuum 

in Accelerators: Specialized Course of Conference: 

C06–05–16.1. P. 1–13.  : http://fisica. 

ufpr.br/ (  : 25.09.2018). 

14. Д о В.В.    

    : 

. … . .- . . , 2010. 107 . 

15. Colin S. Gas microflows in the slip flow regime: 

a critical review on convective heat transfer // Journal of 

heat transfer. 2012. Vol. 134. P. 1–13. 

16. Wen-Ming Zhang, Guang Meng, Xueyong Wei. A 

review on slip models for gas microflows // Microfluid 

Nanofluid. Springer–Verlag. 2012. Vol. 13. P. 845–882. 

17. Sattler R., Wachutka G. Compact Models for 

Squeeze–Film Damping in the Slip Flow Regime // 

NSTI–Nanotech. 2004. Vol. 2. P. 243–246. 

18. Pitakarnnop J., Geoffroy S., Colin S., Baldas L. 

Slip flow in triangular and trapezoidal microchannels // 

Heat and Technology. 2008. Vol. 26. № 1. P. 167–174. 

СВЕДЕНИЯ ОБ АВТОРАХ 

ИК И  о  Ко о  – а а   а   в  -

а в   в а  . . а а а ( а а  ва  

в ) 

E-mail: nikulinnk@gmail.com 

ВИЧКА   В м о  – а а   а   в  а -

в   в а  . . а а а ( а а  ва  -

в )  

E-mail: svic@bk.ru 

К ЧА В В м   –  в  а в   -

в а  . . а а а ( а а  ва  в )  

E-mail: klyucharov@gmail.com 

С а ь  и а  а ци : 21.09.2018  

REFERENCES 

[1] Sharipov F. Rarefied gas dynamics and its appli-

cations to vacuum technology. Prepared for Vacuum in 

Accelerators: Specialized Course of Conference: C06–05–

16.1. P. 1–13. Rezhim dostupa: http://fisica.ufpr.br/ 

(data obrashcheniya: 25.09.2018).  

[2] Giors S. Solved and unsolved gas dynamics 

problems for turbomolecular drag pumps: an industrial 

overview. 64th IUVSTA Workshop on Practical  

Applications and Methods of Gas Dynamics for Vacuum 

Science and Technology. 2011. P. 1–26. Rezhim  

dostupa: http://www.itep.kit.edu (data obrashcheniya: 

25.09.2018).  

[3] Audi M., Giors S., Gotta R. The state of the art 

in Molecular–Drag Turbo–pump Technology. Agilent 

Technologies Vacuum Products Division. Agilent Tech-

nologies GmbH, 2011. P. 1–26.  

[4] Svichkar E.V. Development of a mathematical 

model of the gas pumping process and a method for cal-

culating the pumping parameters of a molecular-

viscosity vacuum pump in the molecular-viscous regime 

of gas flow: The dissertation of a Cand.Tech.Sci. / Mos-

cow. 2017. 169 p. (rus.) 

[5] Giors S., Colombo E., Inzoli F., Subba F., Zani-

no R. Computational fluid dynamic model of a tapered 



 

96 

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

Holweck vacuum pump operating in the viscous and 

transition regimes. I. Vacuum performance. J. Vac. Sci. 

Technol. A. 2006. Vol. 24. № 4. P. 1584–1591.  

[6] Khablanyan M.Kh., Saksaganskiy G.L., Burmi-

strov A.V. [i dr.]. Vakuumnaya tekhnika. Oborudova-

niye, proyektirovaniye, tekhnologii, ekspluatatsiya. Ch. 2: 

Vakuumnyye nasosy. Kazan: KNITU, 2016. 300 s. (rus.) 

[7] Kwon M.K., Hwang Y.K. An experimental study 

on the pumping performance of molecular drag pumps. 

Journal of Mechanical Science and Technology. 2006. 

Vol. 20. № 9. P. 1483–1491.  

[8] Demikhov K.E. Current trends of high-vacuum 

mechanical pump. Herald of the Bauman Moscow state 

technical university. Mechanical Engineering. 2014. № 5. 

P. 3–11. (rus.) 

[9] Skovorodko P.A. Some features of the flow in 

the Holweck pump / Institute of Thermophysics. Rez-

him dostupa: http://arxiv.org (data obrashcheniya: 

10.10.2015).  

[10] Skovorodko P.A. Continuum model for 

Couette–Poiseuille flow in a drag molecular pump / 

Institute of Thermophysics. Rezhim dostupa: 

http://arxiv.org (data obrashcheniya 10.10.2015).  

[11] Nanbu K., Igarashi S. Tree–dimensional low–

density flows in the spiral grooves of a Turbo–molecular 

pump. Computers Fluids. 1992. Vol. 21. P. 221–228.  

[12] Jou R.Y. Geometrical design of turbo pump’s 

rotor by the power law methodology / Department of 

Mechanical Design Engineering, 64 Wen–Wha Rd., 

Huwei. Yunlin. P. 632. Rezhim dostupa: http://sparc.nf 

.edu.tw (data obrashcheniya: 25.09.2018).  

[13] Sharipov F. Rarefied gas dynamics and its appli-

cations to vacuum technology. Prepared for Vacuum in 

Accelerators: Specialized Course of Conference: C06–05–

16.1. P. 1–13. Rezhim dostupa: http://fisica.ufpr.br/ (da-

ta obrashcheniya: 25.09.2018).  

[14] Dudko V.V. The slip of a rarefied gas along a 

stationary and oscillating surfaces: The dissertation of a 

Doc. physical and mathematical Sciences Moscow. 

2010. 107 s. (rus.) 

[15] Colin S. Gas microflows in the slip flow regime: 

a critical review on convective heat transfer. Journal of 

heat transfer. 2012. Vol. 134. P. 1–13.  

[16] Wen-Ming Zhang, Guang Meng, Xueyong Wei. 

A review on slip models for gas microflows. Microfluid 

Nanofluid. Springer–Verlag. 2012. Vol. 13, P. 845– 882.  

[17] Sattler R., Wachutka G. Compact Models for 

Squeeze–Film Damping in the Slip Flow Regime. 

NSTI–Nanotech. 2004. Vol. 2. P. 243–246.  

[18] Pitakarnnop J., Geoffroy S., Colin S., Baldas L. 

Slip flow in triangular and trapezoidal microchannels. 

Heat and Technology. 2008. Vol. 26. № 1. P. 167–174.  

THE AUTHORS  

NIKULIN Nikolai K. – Bauman Moscow state technical university 

E-mail: nikulinnk@gmail.com 

SVICHKAR Elena V. – Bauman Moscow state technical university 

E-mail: svic@bk.ru 

KLYUCHAROV Vladimir S. – Bauman Moscow state technical university 

E-mail: klyucharov@gmail.com 

Received: 21.09.2018  

  

© -     В , 2018 


