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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚʷʟʢʦʩʪʴ 

ʞʠʜʢʦʩʪʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-

ʉʪʦʢʩʘ ʜʣʷ ʚʷʟʢʦʡ, ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ 

ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺʳʷʚʣʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʟʦʥ ʧʦʚʳʰʝʥʥʦʛʦ ʠ 

ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʡ ʚ ʧʦʪʦʢʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʢʘʚʠʪʘʮʠʠ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʥʝʥʠʷ ʢʣʘʧʘʥʘ ʚ ʚʠʜʝ ʜʠʩʢʘ ʩ ʧʝʨʬʦʨʘʮʠʝʡ, ʠ ʰʪʦʢʘ ʩ ʛʣʘʜʢʦʡ 

ʦʙʨʘʟʫʶʱʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʢʘʚʠʪʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʯʠʩʣʝʥʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ ʢ ʰʪʦʢʫ ʩ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʥʠʟʢʦʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ, 

ʢʨʠʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ, ʢʘʚʠʪʘʮʠʷ. 
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Summary. A numerical study of the internal hydrodynamics of a safety valve operating in a regime close to 

critical has been carried out. Under these conditions the liquid viscosity significantly reduces, and its fluidity 

increases. Mathematical modeling was carried out based on the numerical solution of the Navier-Stokes 

equations for a viscous incompressible fluid using a quasi-stationary approach to describing the operation of a 

dynamic hydraulic system. One of the operating modes was studied when the properties (temperature, pressure, 

density) of the working fluid were closed to critical. The temperature of the liquid was ʊ = 0.8 ʊc, static pressure 

was P = 0.22 Pc and density r = 2.8 rc. At this mode the dynamic viscosity coefficient equaled 3Ā10
-7
 PaĿsec, and 

the saturated steam pressure was Ps = 0.144 Pc. The investigation of the design features of the safety valve 

elements has shown that they are responsible for the formation of the alternating zones of high and low pressure 

in the flow leading to cavitation. It is found that the stem geometry causes the formation of high and low 

pressure zones in the flow leading to cavitation and stem destruction. The diagrams of the relative pressure and 

velocity along the stem generatrix were built. The detailed diagram analysis shows the location of the dangerous 

flow zones where the cavitation zones can appear. In the experiment, the stem failure was also found in these 

areas. The numerical results permit to propose a new design of safety valve elements ï a perforated disc and a 

stem with a smoothed outer profile. Numerical investigations of the new design of safety valve elements have 

been carried out. The analysis of the operation of the new disc with perforation and the new stem with a 

smoothed profile of the side surface has been performed. For the valves with perforated disc and with smoothed 

stem profile, the diagrams of the pressure and velocity along the stem generatrix were built. Both new designs 

reduce the cavitation effects. However, in the former case, the cavitation area is displaced along the disc, and in 

the latter case, one of the existing cavitation zones vanished, while the other is reduced. To reduce the effect of 

cavitation, a numerically justified transition to the stem with a smoothed surface is recommended. 
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ɿʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ ʚ ʚʠʜʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʛʠʜʨʦʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ [1 ï 3]. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʠ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ï ʟʘʱʠʪʘ ʩʠʩʪʝʤʳ ʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ, 

ʦʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʝʢ ʨʘʙʦʯʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʠ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠ ʁʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʣʠʚʘ ʞʠʜʢʦʩʪʠ).  

ʉʨʝʜʠ ʚʩʝʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʟʘʧʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʣʘʩʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʘʨʤʘʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʣʠʥʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʩʬʝʨʝ ʛʦʨʦʜʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʘʨʤʘʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʝɦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 100 ʄʇʘ) ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʛʜʘ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʪʴʩʷ ʩʚʦʡʩʪʚʘ ʨʘʙʦʯʠʭ ʩʨʝʜ. ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʪʝʢʫʯʝʩʪʴ 

ʥʝʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ ʠ ʤʝʥʷʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʧʦʪʦʢʘ ʚ ʩʪʦʨʦʥʫ ʨʦʩʪʘ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʠ ʩʥʠʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʦʥ ʢʘʚʠʪʘʮʠʠ ʚ ʧʨʦʪʦʯʥʳʭ ʯʘʩʪʷʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ. 

ʇʦʩʣʝʜʩʪʚʠʷʤʠ ʢʘʚʠʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʠʣʴʥʳʝ ʚʠʙʨʘʮʠʠ, ʛʨʦʤʢʠʡ ʰʫʤ, ʟʘʛʨʷʟʥʝʥʠʝ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ, ʟʘʜʨʦʩʩʝʣʠʨʦʚʘʥʥʳʡ ʧʦʪʦʢ, ʵʨʦʟʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʘʧʘʥʘ, ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ, ʵʨʦʟʠʷ 

ʠ ʨʘʟʨʫʰʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ, ʧʦʷʚʣʝʥʠʝ ʧʨʦʪʝʯʝʢ, ʘ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʚʳʭʦʜ ʠʟ 

ʩʪʨʦʷ ʠ ʚʪʦʨʠʯʥʳʝ ʦʪʢʘʟʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʵʬʬʝʢʪʘ ʢʘʚʠʪʘʮʠʠ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʷʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʫʩʪʨʦʡʩʪʚʘ. ʅʦʚʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʢʦʥʪʘʢʪʘ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʢʘʚʝʨʥ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʘʥʘʣʦʚ [4], ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʘ ʩʨʝʜʳ ʧʫʪʝʤ ʧʦʵʪʘʧʥʦʛʦ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʣʠʙʦ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʟʘʤʝʥʦʡ ʦʜʥʦʛʦ 

ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ [5]. ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʣʘʧʘʥʘ ʪʘʢʦʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʥʝʪʠʧʦʚʳʤ ʠ ʜʦʣʞʥʦ ʙʳʪʴ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ. ɼʘʥʥʳʡ ʵʪʘʧ ʩʦʟʜʘʥʠʷ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʳʭ ʠʣʠ 

ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʀʟʚʝʩʪʝʥ ʨʷʜ ʨʘʙʦʪ [1 ï 12], ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ ʠ ʅʘʚʴʝ-

ʉʪʦʢʩʘ ʜʣʷ ʩʞʠʤʘʝʤʳʭ ʠ ʥʝʩʞʠʤʘʝʤʳʭ ʩʨʝʜ ʠ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʯʝʪʥʳʭ 

ʜʘʥʥʳʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʚʦʧʨʦʩʘʤ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʩʨʘʙʘʪʳʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʝʡʩʪʚʠʷ, ʛʜʝ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʢʦʨʦʩʪʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʣʘʧʘʥʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʩʦʧʨʷʞʝʥʥʳʝ ʩʦ 

ʩʨʘʙʘʪʳʚʘʥʠʝʤ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʩʪʨʦʝʥʳ, ʘʧʨʦʙʠʨʦʚʘʥʳ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʘʚʠʪʠʨʫʶʱʠʭ ʪʝʯʝʥʠʡ ʥʝʩʞʠʤʘʝʤʳʭ ʩʨʝʜ ʥʘ ʦʩʥʦʚʝ ʣʘʛʨʘʥʞʝʚʦ-

ʵʡʣʝʨʦʚʦʛʦ ʦʧʠʩʘʥʠ ̫ ʤʥʦʛʦʬʘʟʥʦʡ ʩʨʝʜʳ, ʛʜʝ ʫʯʠʪʳʚʘʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʚʠʪʘʮʠʦʥʳʭ ʢʘʚʝʨʥ [13]. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʠ ʩʭʣʦʧʳʚʘʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʈʵʣʝʷ-ʇʣʝʩʩʝʪʘ [14], ʜʦʧʦʣʥʝʥʥʦʝ ʫʨʘʚʥʝʥʠʷʤʠ ʤʝʞʬʘʟʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʭ ʚʥʫʪʨʝʥʥʠʝ ʧʘʨʘʤʝʪʨʳ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ 

ʙʣʠʟʢʠ ʢ ʢʨʠʪʠʯʝʩʢʠʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʪʦʢʦʚ ʥʠʟʢʦʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ 

ʢʣʘʧʘʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. 
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ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘ ̫ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʥʠʟʢʦʚʷʟʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʩʦʩʪʦʷʱʘ ̫(ʨʠʩ. 1) ʠʟ ʜʚʫʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ ʧʨʷʤʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʫʶ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. 

ʈʘʙʦʯʘʷ ʩʨʝʜʘ ʧʦʜʘʝʪʩʷ ʚ ʢʣʘʧʘʥ ʯʝʨʝʟ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʥʘʣ ʧʦʜʚʦʜʘ 

ʞʠʜʢʦʩʪʠ (ʧʦ ʥʘʧʦʨʥʦʡ ʣʠʥʠʠ). ɼʘʣʝʝ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʢʘʥʘʣʫ ʞʠʜʢʦʩʪʴ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʞʜʫ ʧʨʫʞʠʥʥʳʤʠ ʢʣʘʧʘʥʘʤʠ. ʇʨʠ ʵʪʦʤ ʢʦʥʩʪʨʫʢʮʠʷ ʩʣʠʚʥʦʛʦ ʢʘʥʘʣʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ 

ʘʩʠʤʤʝʪʨʠʶ ʪʝʯʝʥʠʷ ʤʝʞʜʫ ʩʦʩʪʘʚʥʳʤʠ ʢʣʘʧʘʥʘʤʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ 

ʩʨʝʜʳ ʥʘ ʦʜʠʥ ʠʟ ʢʣʘʧʘʥʦʚ.  

 
 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ  

Fig. 1. General view of safety valve 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʟʢʦʚʷʟʢʠʤʠ ʩʨʝʜʘʤʠ 

ʥʘ ʨʝʞʠʤʘʭ, ʙʣʠʟʢʠʭ ʢ ʢʨʠʪʠʯʝʩʢʠʤ, ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ 

ʩʦʩʪʘʚʥʳʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ. ʊʘʢ ʧʨʘʚʳʡ 

ʢʣʘʧʘʥ ʨʘʙʦʪʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ, ʘ ʣʝʚʳʡ ʢʣʘʧʘʥ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 

ʧʝʨʝʣʠʚʥʦʛʦ ʥʘ ʨʝʞʠʤʝ ʩʘʤʦʪʝʢʘ ʞʠʜʢʦʩʪʠ. ɺ ʩʠʣʫ ʯʝʛʦ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʞʠʤʳ 

ʞʠʜʢʦʩʪʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʣʝʚʦʤ ʢʣʘʧʘʥʝ ʧʨʠ ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʠ.  

ʄʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ʢʣʘʧʘʥʘ ï ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ. ʈʘʙʦʯʝʝ ʪʝʣʦ ï 

ʚʷʟʢʘʷ ʥʝʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ. ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʜʘʚʣʝʥʠʶ (Pc), ʪʝʤʧʝʨʘʪʫʨʝ 

(ʊʩ), ʧʣʦʪʥʦʩʪʠ (rc), ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʩʨʝʜʳ (c). ʆʜʠʥ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʣʠʟʦʢ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʩʪʠ ʊ = 0.8 ʊ, 

ʩʪʘʪʠʯʝʩʢʦʤ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ P = 0.22 Pc ʠ ʧʣʦʪʥʦʩʪʠ r = 2.8 rc. ʇʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʝʪ 7103 -Ö=h ʇʘĿʩ, ʘ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ Ps = 0.144 Pc. 

ɼʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʨʠʚʝʣʘ ʢ ʧʦʚʨʝʞʜʝʥʠʶ 

ʰʪʦʢʘ ʠ ʢ ʦʪʢʘʟʫ ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 3). 
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ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

Fig. 2. Dependence of the liquid properties on temperature 

 

  

 
ʈʠʩ. 3. ʂʘʚʠʪʘʮʠʦʥʥʳʡ ʫʥʦʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʦʢʘ 

Fig. 3. Cavitation entrainment of structural material from the surface of the rod 

 

ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʦʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʣʷ ʚʷʟʢʦʡ, ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ 

ʧʦʜʭʦʜ ʚʳʙʨʘʥ ʜʣʷ ʨʝʞʠʤʘ ʞʝʩʪʢʦ ʟʘʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʘʨʝʣʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ. ɼʚʫʭʬʘʟʥʦʩʪʴ ʩʨʝʜʳ, ʨʝʘʣʠʟʘʮʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʚ ʪ.ʯ. ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ 

ʤʦʜʝʣʠʨʫʶʪʩʷ, ʘ ʦʮʝʥʠʚʘʶʪʩʷ ʢʦʩʚʝʥʥʦ ʧʦ ʜʦʩʪʠʛʘʝʤʳʤ ʧʝʨʝʧʘʜʘʤ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʷʤ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʥʠʟʢʦʚʷʟʢʦʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʨʘʙʦʯʠʭ 

ʧʦʣʦʩʪʷʭ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ (ʨʠʩ. 2). ʊʝʯʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ: 
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ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ; u  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ; Pï ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ; E  ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ; 

q  ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ; p  ï ʜʘʚʣʝʥʠʝ; T  ï ʪʝʤʧʝʨʘʪʫʨʘ.  

ɼʣʷ ʫʯʝʪʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ï (4) ʦʩʨʝʜʥʷʝʪʩʷ ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ ʠ ʟʘʤʳʢʘʝʪʩʷ ʜʚʫʭʟʦʥʥʦʡ ʤʦʜʝʣʴʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʄʝʥʪʝʨʘ SST [15].  

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ ʚ ʨʘʙʦʯʠʭ ʦʙʲʝʤʘʭ ʢʣʘʧʘʥʘ ï 

0.22 Pc ʠ 0.8 ʊʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (ʨʠʩ. 4) ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʥʘ ʛʨʘʥʠʮʝ "Inlet" ʦʧʨʝʜʝʣʝʥʦ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ ï 10.5 Pc ʠ 0.8 ʊʩ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʛʨʘʥʠʮʝ "Outlet" ʟʘʜʘʥʳ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ï 0.22 Pc, ʥʘ 

ʪʚʝʨʜʳʭ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʟʘʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ ʠ ʥʝʧʨʦʪʝʢʘʥʠʷ. 

 

 

 

 

ʘ)     b) 
ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ (ʘ) ʠ ʠʩʭʦʜʥʘʷ ʛʝʦʤʝʪʨʠʷ ʰʪʦʢʘ (b) 

Fig. 4. Computational area (ʘ) and initial stem geometry (b) 

 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ 3.12 ʤʣʥ. ʰʝʩʪʠʛʨʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

 

ʈɽɿʋʃʔʊɸʊʓ ʈɸʉʏɽʊʆɺ 

 

ʇʨʠ ʨʘʙʦʪʝ ʢʣʘʧʘʥʘ ʚ ʟʦʥʝ ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ (ʚ ʢʘʥʘʣʘʭ ʜʝʤʧʬʠʨʦʚʘʥʠʷ) ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 4, ʦʙʣʘʩʪʴ I), ʘ ʥʠʞʝ ʪʘʨʝʣʠ ʢʣʘʧʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʣʘʩʪ ɹ

ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 4, ʦʙʣʘʩʪʴ II). ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʚʠʜʫ ʚʦʟʤʦʞʥʳʭ 

ʵʬʬʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʯʝʥʠʝ ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʥʘʜ ʪʘʨʝʣʴʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 5. 
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ʈʠʩ. 5. ʇʦʣʝ ʜʘʚʣʝʥʠʡ ʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʢʣʘʧʘʥʘ 

Fig. 5. Pressure fields and vector velocity field in the symmetry plane of the valve  

 

ʀʟ ʨʠʩ. 5 ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʨʫʡʥʦʝ ʪʝʯʝʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʘʜʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ɼʘʣʝʝ ʚʥʠʟ ʧʦ ʧʦʪʦʢʫ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ʩʪʨʫʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʜʘʣʴʥʝʡʰʠʤ ʧʘʜʝʥʠʝʤ ʜʘʚʣʝʥʠʷ. ʌʦʨʤʘ ʩʪʨʫʠ, 

ʝʝ ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʥʘʜ ʪʘʨʝʣʴʶ ʦʙʨʘʪʥʳʤ ʪʝʯʝʥʠʝʤ, 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭ ʟʦʥ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʯʘʛʦʚʦʡ 

ʢʘʚʠʪʘʮʠʠ (ʨʠʩ. 6) ï ʦʙʣʘʩʪʝʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʘʜʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʡ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʩʭʣʦʧʳʚʘʥʠʝʤ 

(ʪʦ ʝʩʪʴ ʜʦ ʜʘʚʣʝʥʠʡ ʤʝʥʴʰʠʭ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ). 

 

 
 ʘ)      b) 

ʈʠʩ. 6. ʇʦʣʝ ʩʢʦʨʦʩʪʠ (ʘ) ʠ ʜʘʚʣʝʥʠ ̫(b) ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ 

Fig. 6. Velocity (a) and pressure (b) fields in the transition region 

 

ɺ ʟʦʥʝ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʢʨʠʪʠʯʝʩʢʦʛʦ) ʩʝʯʝʥʠʷ (ʤʝʞʜʫ ʧʦʜʚʠʞʥʳʤ ʢʣʘʧʘʥʦʤ ʠ 

ʥʝʧʦʜʚʠʞʥʳʤ "ʩʪʘʢʘʥʦʤ") ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʡ ʦʙʣʘʩʪʠ ʨʝʟʢʦʛʦ ʧʦʥʠʞʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚʙʣʠʟʠ ʬʘʩʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʦʢʘ ʢʣʘʧʘʥʘ (ʨʠʩ. 4, b) ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʪʫʧʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʙʝʛʘʶʱʝʤʫ ʧʦʪʦʢʫ ʫʛʦʣ 

ʧʝʨʝʭʦʜʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʦʣʦʚʢʠ ʢʣʘʧʘʥʘ ʚ ʢʦʥʠʯʝʩʢʫʶ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʦʪʢʣʦʥʷʶʱʠʤ ʩʪʨʫ,ʁ ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʢ ʥʝʤʫ 
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ʟʦʥʳ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 6). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʬʦʨʤʘ ʜʘʥʥʦʡ 

ʚʪʦʨʠʯʥʦʡ ʟʦʥʳ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʦʙʣʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʫʥʦʩʘ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 3).  

ʅʘ ʨʠʩ. 6, b ʦʙʣʘʩʪʠ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʠʞʝ ʦʪʤʝʪʢʠ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 

ʚʳʜʝʣʝʥʳ ʙʝʣʳʤ ʮʚʝʪʦʤ. ɺ ʧʦʪʦʢʝ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʝ ʟʦʥʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʞʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ. ʇʝʨʚʘʷ ʟʦʥʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʧʨʦʭʦʜʥʦʤ ʩʝʯʝʥʠʠ, ʚʪʦʨʘʷ ï ʥʘ ʢʨʦʤʢʝ ʰʪʦʢʘ ʚ ʤʝʩʪʝ 

ʩʦʝʜʠʥʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʝʡ. ʂʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ 

ʧʝʨʚʦʡ ʟʦʥʝ, ʩʥʦʩʷʪʩʷ ʪʝʯʝʥʠʝʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʪʦʨʦʡ ʟʦʥʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʠ ʚ ʩʪʨʫʝ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ ʰʪʦʢʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʨʦʩʪ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʦʩʪʝʡ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʨʠʪʠʯʝʩʢʦʤ ʧʨʦʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʩʪʨʫʠ. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ. ʊʦʣʴʢʦ ʧʨʠ ʧʦʜʭʦʜʝ ʢʦ 

ʚʪʦʨʦʡ ʟʦʥʝ ʢʘʚʠʪʘʮʠʠ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʢʘʚʝʨʥ ʠ ʠʭ ʨʘʟʨʫʰʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʪʝʥʢʠ ʰʪʦʢʘ, ʛʜʝ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʫʥʦʩ 

ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 3).  

 

 
 ʘ)     b) 

ʈʠʩ. 7. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷ (ʘ) ʠ ʩʢʦʨʦʩʪʠ (b) ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ ʰʪʦʢʘ  

Fig. 7. Relative pressure (a) and velocity (b) plots along the stem generatrix 

 

 

 
ʘ)     b) 

ʈʠʩ. 8. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʩʧʦʣʥʝʥʠʷ ʰʪʦʢʘ ʢʣʘʧʘʥʘ: 

ʩ ʧʝʨʬʦʨʘʮʠʝʡ ʜʠʩʢʘ (ʘ) ʠ ʩʛʣʘʞʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʛʦʣʦʚʢʠ ʰʪʦʢʘ (b) 

Fig. 8. Optimized valve stem designs: with perforated disc (a) and smoothed stem head geometry (b) 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 

ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʚ ʛʝʦʤʝʪʨʠʶ ʜʠʩʢʘ ʠ ʰʪʦʢʘ. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʝ (ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʩʪʘʥʦʚʢʠ) ʚʘʨʠʘʥʪʳ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï 

ʧʝʨʬʦʨʘʮʠʷ ʜʠʩʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʦʙʨʘʟʫʶʱʝʡ ʰʪʦʢʘ. ʇʝʨʬʦʨʘʮʠʷ ʜʠʩʢʘ ʤʦʞʝʪ ʫʩʢʦʨʠʪʴ ʦʪʚʦʜ 

ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʠʟʤʝʥʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʦʥ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʞʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʘʥʘʣʠʟ ʧʦʣʝʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʚʝʢʪʦʨʥʦʡ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
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ʠʤʝʥʥʦ ʥʘʣʠʯʠʝ ʨʝʟʢʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢ ʢʦʥʠʯʝʩʢʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʪʦʢʘ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʡ ʟʦʥʳ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʢʣʘʧʘʥʘ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʷʤʠ ʰʪʦʢʘ ʠ 

ʜʠʩʢʘ (ʨʠʩ. 8, ʘ, b). ʈʘʩʯʝʪʥʳʝ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ, 

ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʢʘʥʘʣʘʭ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʣʘʧʘʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 9. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ ʰʪʦʢʘ ʜʣʷ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 10.  

 

 
 

 ʘ)       b) 
ʈʠʩ. 9. ʇʦʣʷ ʜʘʚʣʝʥʠʡ ʜʣʷ ʢʣʘʧʘʥʘ ʩ ʧʝʨʬʦʨʘʮʠʝʡ ʜʠʩʢʘ (ʘ) 

ʠ ʩ ʠʟʤʝʥʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʢʣʘʧʘʥʘ (b) ʚ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ  

Fig. 9. Pressure fields for the valve with disc perforation (a) and with smooth stem profile (b) in symmetry plane 
 

 

 
 

  
ʘ)      b) 

ʈʠʩ. 10. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʚʚʝʨʭʫ) ʠ ʩʢʦʨʦʩʪʠ (ʚʥʠʟʫ) ʜʣʷ ʢʣʘʧʘʥʘ ʩ ʧʝʨʬʦʨʘʮʠʝʡ ʜʠʩʢʘ (ʘ) 

ʠ ʩ ʠʟʤʝʥʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʰʪʦʢʘ (b) ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʰʪʦʢʘ 

Fig. 10. Pressure (top) and velocity (down) plots for the vale with perforated disc (a)  

and with smooth stem profile (b) along the stem generatrix 


