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Cavitation has long been known for its negative effects especially during the operation of hydraulic 
machines. Vibrations, noise or cavitation erosion accompanying the formation and violent collapse  
of cavitation bubbles have therefore become a subject of numerous studies. Efforts have been made to fully 
or at least partially mitigate these negative effects. One of the ways for cavitation suppression is shape 
optimization of those machine parts which are susceptible to cavitation and cavitation erosion. (Epps, 2015 
and Sun, 2022). 

Recently, cavitation has been studied so that its destructive effects can in turn be used for the benefit of the 
cause. If cavitation is to be generated on purpose, it is desirable that the most intense cavitation possible 
occurs in the device, using as little energy as possible. This fact opens the door to shape optimization, which 
in turn will enhance cavitation and thus allow cavitation generators to become more efficient. Water 
purification using hydrodynamic cavitation is one of the areas of research (Dular, 2016), where venturi 
nozzles of different shapes are widely used for this purpose (Jančula, 2014). Improving the efficiency  
of these simple devices would promote their eventual deployment in industry.  

 

All three nozzle geometries were designed with a circular cross-section, 0.5 mm wide throat, 5 mm wide 
upstream section, 3 mm wide downstream section and confuser section with 60 ° angle. Geometry 
variant A, Fig. 1, had a 2 mm long neck and a diffuser angle of 12 °, while variant B had a wider diffuser 
angle of 14 °. Variant C, while maintaining a diffuser angle of 12 °, lacked the full length of the throat and 
the converging part was therefore directly connected to the diffuser. 
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Fluid domains were created for all three 3D geometries with appropriate decomposition. Structured 
conformal hexagonal meshes were then generated with respect to y+ not exceeding value of 5 in the regions 
of interest (nozzle throat and diffuser) during the simulation. The final meshes consisted of A) 4 050 000, 
B) 4 050 000 and C) 3 690 000 elements.  

Y+ values for mesh sizing and boundary conditions were determined from preliminary simulation. The 
boundary conditions were chosen to enable testing of the manufactured nozzles in an available hydraulic 
laboratory if necessary. Prior to running the simulation, pressure monitors were set at 21 points located  
in the nozzle diffuser. The pressure at the inlet and the volume of the vapor phase in the fluid domain were 
also monitored. Simulations were performed with all three geometries in Ansys Fluent software using the 
hybrid turbulence model SBES and the two-equation RANS turbulence model SST k-ω. The boundary 
conditions correspond to the values of the Reynolds number 𝑅𝑒 = 19 904 (1) and the cavitation number 
𝜎 = 0.124 (2). 

 𝑅𝑒 =
∙

 [−], (1) 

 𝜎 =
∙

 [−], (2) 

where 𝐷  [𝑚] denotes the hydraulic diameter of nozzle throat, 𝑣  [𝑚 ∙ 𝑠 ] the mean velocity in nozzle 
throat, 𝜈 [𝑚 ∙ 𝑠 ] the kinematic viscosity of water, 𝑝  [𝑃𝑎] the absolute pressure at the outlet, 𝑝  [𝑃𝑎] 
the saturated water vapor pressure, 𝜌 [𝑘𝑔 ∙ 𝑚 ] the density of water.  

Fig. 1: Fluid domain geometry variants (on letf), mesh (upper right), pressure monitors (bottom right). 

Although SBES has been called a hybrid turbulence model previously, it is more of a new way to combine 
existing RANS and LES models through the so-called shielding (blending) function (3): 

 𝜇 = 𝜇´ 𝑓 + 𝜇´ (1 − 𝑓 ) (3) 

The combination of RANS and LES is designed to model certain flow cases where conventional RANS 
would not produce accurate results (strong mixing, separation, etc.), while reducing the computational 
demands in comparison with LES simulations (Menter, 2018). 

Fig. 2: Contour of shielding function for var B at maximum cavity length. 
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The graphical representation of the vapour volume monitor (Figs. 3 and 4) showed a sinusoidal pattern  
for all three geometries, and for both the SBES and SST k-ω turbulence models. However the amplitudes  
of the sinusoids for the two selected turbulence models differed significantly for each nozzle design, 
sometimes by an order of magnitude (nozzle A and B). SBES predicted the highest amplitudes of the vapour 
phase change for geometry variant C, and smaller amplitudes for A and B, while the descending order  
of A, B ,C was determined by using the SST k-ω turbulence model. 

The periodic change in the volume of the vapour phase corresponded with the typical behaviour  
of developed cavitation, where periodic shrinkage and growth of the cavity from the nozzle throat to the 
diffuser is usually observed. Except for variant A for SBES and variant C for SST k-ω, almost complete 
shrinkage of the cavity up to the nozzle neck always occurred during the simulation.  

   
Fig. 5: Contours of volume fraction. 

Fig. 5 shows the contours of the volume fraction for SBES simulation in a longitudinal section of each 
nozzle at the moment of cavity shrinkage and full expansion. The presence of separated parts of the vapor 
phase could also be observed on the contours. Pressure monitors showed that cavity shrinkage was 
accompanied by pressure pulsations as shown in Figs. 6 and 7. The amplitude of the pressure pulsations 
increased with increasing distance from the nozzle throat, while the amplitudes of a group of pressure 
monitors at the same distance from the throat (e.g. 2, 6, 7, 8, 9) did not differ significantly. SBES predicts 
a more credible pressure record compared to the smoother pattern coming from the RANS simulation. 
Secondary pulsations were probably caused by the collapse of the separated vapor fractions, which were 
present in the flow field only when using the hybrid turbulence model. The peaks of pressure pulsations 
were highest for SBES variant C, less so for B and A, while SST k-ω predicted a decreasing order of B, A 
and C.  

Fig. 4: SST k-ω volume fraction monitor. Fig. 3: SBES volume fraction monitor. 
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The CFD simulations showed different results when using different turbulence models. This could lead  
to the conclusion that the choice of turbulence model has a great influence on the results obtained from  
the simulations if cavitation is focus of interest. To confirm this, further CFD simulations would be needed  
to rule out the influence of the mesh on the results obtained, and even so, it would be necessary to perform 
experiments for final confirmation.  

With the increase in computational complexity, SBES simulations should lead to more physical results, and 
therefore these results were considered as more reliable. SBES simulations showed that nozzle design C, 
i.e. without a throat, should be the best choice, whether the goal was to hold the highest possible volume  
of vapor phase in the nozzle or to create the highest pressure pulsations under the chosen boundary condi-
tions. 
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