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. 1 –    [Main circulation pipeline dimensional diagram] 
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 1. –       №γ   

[Basic geometric data of the first circuit of No. 3 MPEI TPP boiler] 
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 2. –     [Main technical 

characteristics of pressure pulsation sensors] 
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  3  -    
       50    0γ. 

  3      β,5 , λ,5 , 11,5 , 1β , 
15,3 , 17,γ . 

 
 

. 2. –         

    [Configuration of coolant pressure pulsation sensors and vibration acceleration 

at the MPEI TPP experimental installation] 

 

 
 

. 3. –      X03 [Amplitude and frequency characteristic of pressure 

pulsations at the X03point] 
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  LMS Imagine.Lab AMESim, Automation Studio, Modelica, MapleSim, 

SimulationX, MATLAB Simulink.        
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         . 
  AεESТЦ     ,  

μ 
– Compressibility and friction hydraulic (    ); 

– Hydraulic line with lumped element; 

– Distributive hydraulic line with lumped element; 

– Hydraulic line CFD 1D Lax-Wendroff. 
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    ,    0γ (  3).   
 0,5 – 1,4 ,   β,5       

   (  3  5). 

 

 

 
 

. 5. –       (  X02) [Amplitude and frequency 

characteristic of pressure pulsations in the connecting pipeline (point X02)] 
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. 6. –       (  01) [Temporal realization of pressure 

pulsations in the volume compensator (point X01)] 

 

 
  X02 [X02 signal autospectrum]; 

   X03 [X03 signal autospectrum]; 

   X04 [X04 signal autospectrum] 

 

. 7. –      X02, X0γ  X04 

  11,8    260 °C [Autospectrums of coolant pulsation pressure 

of signals X02, X03 and X04 at 11,8 MPa pressure  and 260 ° C] 



88    . 

 

  , № 4(25) 2017 

  7 ,     γ5,0-47,5    
 X0β,      ,   

 .   ,   ,   
          ,     

.        
 .  э        

,   ,  э     
,   э  –    .  ,  

  э       «  –  
»μ          .  

    э ,   
     0β    γ5,0-47,5 . 
        

  .       -

э  ,      
        . 

    AЫОЯК,   Д14Ж ,   
        

   ,      
        

.        
 ,   ,   

   . 
         

      , 
      

 ,   .  
 ,     ф   
  ,    эфф   

     
 ф     .    

     Д15Ж   
   ,   , 

        . 
 

  

 

1.   э      
     ./  . .,  . ., 

 . .,  . .// ф  . .μ ,  , 1λ88. 
2. н в , . .  .        

   0γ10  064λ Д Ж / . . . – ., 1λ75.Д 
3.         

  Д Ж / .H. , . .  //  . – 1996. – №γ. 
– . 51–61. 

4.          
 / . . , μ . . , . , . .   .// . 
. - 1979. - . 407. - . 87 - 92. 

5. в . .      
  .- .μ , 1λ84, 67 . 

6. Proskuryakov K.N. Early Boiling Detection Method OF Pre-or Post-Accident Situation on WWER 

and RBMK, SMORN VII, Avignon, France, 19-23 June 1995. Vol. 1, pp. 426–424. 

7. н, .     э    



      89 

 

  , № 4(25) 2017 

     э   Д Ж / . μ 
ф. … . . . – ., 1λ85. – β0 . 

8. Rapp, J.; Turesson, J. Hydrostatic Transmission in Wind Turbines – Development of Test Platform. 

Dissertation (Master Thesis in Fluid Power). Department of Manegement and Engineering, Division 

of Fluid Power and Mechatronic Systems, Linköping University, Linköping, 2015. 

9. LMS Imagine, Contents of the hydraulic lines library: Hlg0020d-hydraulic line cfd 1d lax-wendroff 

(c-ir-***-c-ir), 2013. 

10. Lax P.D., Wendroff B. A960. Systems of Conservation Laws. – Comms. Pure and Appl. Math., V. 

13, pp. 217–237. 

11.    .  β-  . . 1 .  . – .μ , 1λλ0. – 384 

., . 
12. Winterborne D.E. Theory of engine manifold design: wave action methods for IC engines, 

Professional Engineering Publishing, 2000. 

13. Lari Kela. Attenuating amplitude of pulsating pressure in a low-pressure hydraulic system by an 

adaptive Helmholtz resonator. Faculty of Technology, Department of Mechanical Engineering, 

University of Oulu, P.O. Box 4200, FI-90014 University of Oulu, Finland. Acta Univ. Oul., 2010. p. 

354. 

14. ANP-10306NP. Comprehensive vibration assessment program for U.S. EPR reactor internals. 

Technicalreport. 2013. 

15. в . .1, в . .,  . .    
           

. э , β015, № 8, . 1–7. 

 

REFERENCES 

 

[1] Teoreticheskoye i eksperimental'noye obosnovaniye vozmozhnosti kontrolya sostoyaniya 

teplonositelya po chastote yego sobstvennykh kolebaniy. / Rassokhin N.G., Proskuryakov K.N., 

Mukhin V.S., Kayl' I.I .// Dvukhfaznyye potoki. L .: Nauka, Leningradskoye otdeleniye, 1988. 

[2] Voronova V.P. Parogenerator MEhI. Posobie po proizvodstvennomu obucheniju na TEhC MEhI dlja 

studentov special'nostejj 0310 i 0649 [Steam Generator MPEI. Manual on Production Training at 

TPP MPEI for Students of Specialties 0310 and 0649]. M. 1975. (in Russian) 

[3] Proskurjakov K.H., Ustinov A.K. Sozdanie nauchnojj bazy akusticheskojj diagnostiki 

teplogidravlicheskikh processov v oborudovanii AEh [Creation of a Scientific Basis for Acoustic 

Diagnostics of Thermal Hydraulic Processes in NPP Equipment]. Vestnik MEhI [Bulletin of MPEI], 

1λλ6, №γ, ЩЩ. 51–61. (in Russian) 

[4] Teoreticheskoye opredeleniye chastot sobstvennykh kolebaniy teplonositelya v pervom konture 

AES / K. N. Proskuryakov, studenty: S. P. Stoyanov, G. Nidtsballa, A. V. Gryazev i dr.// Tr. MEI. - 

1979. - Vyp. 407. - S. 87 - 92. 

[5] Proskuryakov K.N. Teplogidravlicheskoye vozbuzhdeniye kolebaniy teplonositelya vo 

vnutrikorpusnykh ustroystvakh YAEU.-M.:MEI, 1984, 67 s. 

[6] Proskuryakov K.N. Early Boiling Detection Method OF Pre-or Post-Accident Situation on WWER 

and RBMK, SMORN VII, Avignon, France, 19-23 June 1995. Vol. 1, pp. 426–424. (in English) 

[7] Koban I. Razrabotka algoritma modelirovanija i ehksperimentalnaja ocenka sobstvennykh kolebanijj 

teplonositelja kontura VVEhR v ehkspluatacionnykh rezhimakh [Development of Modeling 

Algorithm and Experimental Estimation of the Natural Oscillations of the WWER Circuit Coolant in 

Operating Conditions]. Avtoreferat na soiskanie uchenojj stepeni kandidata tekhnicheskikh nauk 

[Thesis abstract of PhD in Engineering]. M. 1985. 20 p. (in Russian) 

[8] Rapp, J.; Turesson, J. Hydrostatic Transmission in Wind Turbines – Development of Test Platform. 

Dissertation (Master Thesis in Fluid Power). Department of Manegement and Engineering, Division 

of Fluid Power and Mechatronic Systems, Linköping University, Linköping, 2015. (in English) 

[9] LMS Imagine, Contents of the hydraulic lines library: Hlg0020d-hydraulic line cfd 1d lax-wendroff 

(c-ir-***-c-ir), 2013. (in English) 

[10] Lax P.D., Wendroff B. A960. Systems of Conservation Laws.— Comms. Pure and Appl. Math., V. 

13, pp. 217–237. (in English) 

[11] Vychislitelnaja gidromekhanika i teploobmen [Computational Fluid Mechanics and Heat Transfer]. 

In 2 vol. Vol. 1. M.:Pub. Mir, 1990, 384 p. (in Russian) 

[12] Winterborne D.E. Theory of engine manifold design: wave action methods for IC engines, 

Professional Engineering Publishing, 2000. (in English) 

[13] Lari Kela. Attenuating amplitude of pulsating pressure in a low-pressure hydraulic system by an 

adaptive Helmholtz resonator. Faculty of Technology, Department of Mechanical Engineering, 



90    . 

 

  , № 4(25) 2017 

University of Oulu, P.O. Box 4200, FI-90014 University of Oulu, Finland. Acta Univ. Oul., 2010. p. 

354. (in English) 

[14] ANP-10306NP. Comprehensive vibration assessment program for U.S. EPR reactor internals. 

Technicalreport. 2013. (in English) 

[15] Proskuriakov K. N., Fedorov A. I., Zaporozhets M. V., Predicting the Conditions under Which 

Vibration-acoustic Resonances with External Periodic Loads Occur in the Primary Coolant Circuits 

of WWER Based NPPs, Thermal Engineering Vol. 62, No.8, pp. 553–559 (2015). (in English) 

 

Application of LMS Imagine.Lab Amesim Package for Simulation the Propagation of 

Pressure Waves Liquid in Pipeline 

 

K.N. Proskuryakov*, A.I. Fedorov**, M.V. Zaporozhets*
 

 
* National Research University «MPEI», 

Krasnokazarmennaya St., 14, Moscow, Russia, 111250 
1
 e-mail: ProskuriakovKN@mpei.ru 

ORCID: 0000-0002-1884-5576 

WoS ResearcherID: I-3583-2017 
3
 ORCID: 0000-0002-8017-5200 

WoS ResearcherID: K-3710-2017 

** Novovoronezh Nuclear Power Plant the branch of «Rosenergoatom Concern» JSC 

Yuzhnaya St., 1, Plant zone, Novovoronezh, Voronezh region, Russia, 396072 
2
 ORCID: 0000-0002-5661-9502 

WoS ResearcherID: K-3752-2017 

 

Abstract – The paper considers the development of a technique for calculating the propagation of 

liquid pressure waves in pipelines for a large-scale experimental thermohydraulic model of a 

VVER-440 double-circuit steam generating plant. It is shown that the pressure compensator 

amplifies the pressure pulsations, as a Helmholtz resonator. As the Helmholtz resonator under 

certain conditions is a damper for acoustic oscillations of a given frequency, it is proposed to use 

an acoustic frequency filter of the Helmholtz resonator as an effective means of preventing 

vibroacoustic resonances at the NPP.A technique for calculating the propagation of pressure waves 

in the pipelines of the experimental stand of the MPEI TPP is developed. It is shown that the 

volume compensator can amplify the acting oscillations. 

 

Keywords: LMS Imagine.Lab AMESim, pressure waves, pressure pulsations, Lax-Vendroff 

scheme, Navier-Stokes equations. 

 


