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ARTICLE INFO ABSTRACT

Industrial valves, particularly ball and butterfly valves, play a crucial role in flow
and pressure control within gas distribution networks. One of the major operational
challenges in these valves is cavitation, which occurs due to a drop in fluid pressure
inside the valve, leading to severe damage to internal surfaces and reduced service
life. This study models and analyzes the impact of surface roughness on cavitation
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formation in ball and butterfly valves used in gas distribution systems.
Computational fluid dynamics (CFD) simulations were conducted under identical
conditions to examine the influence of surface roughness on cavitation intensity. The

Published Online 18 March 2025 results indicate that increased surface roughness creates localized stress
concentrations in the flow, making these regions more prone to severe cavitation,
particularly in valves with rougher surfaces. Additionally, variations in valve
geometry, surface roughness, inlet pressure, and fluid temperature significantly

Keywords: affect cavitation distribution and intensity. These findings highlight the potential for
?:urf_a;cte_ Roughness, optimizing valve design to minimize cavitation damage, enhance durability, and
avitation,

. reduce maintenance costs in gas distribution systems.
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Introduction

Industrial valves are essential components in fluid control systems, used in industries like oil, gas,
petrochemicals, and power plants for flow regulation and pressure control. Proper valve performance
depends on design, material selection, and hydrodynamic factors. A major challenge is cavitation,
which occurs when pressure drops in the fluid, causing vapor bubbles to form and burst. This leads to
noise, vibration, internal surface damage, and increased maintenance costs. Studies show that factors
like inlet pressure, fluid temperature, and valve geometry affect cavitation. Surface roughness also
plays a significant role in initiating and spreading cavitation. While advancements in fluid flow
simulation exist, the impact of surface roughness hasn't been fully explored. Controlling roughness can
reduce cavitation damage and improve valve efficiency. This paper reviews studies on surface
roughness and its effect on cavitation, aiming to optimize valve design and reduce maintenance costs.


https://ses.ut.ac.ir/
mailto:m.dorfeshan@gmail.com
mailto:mohsen_dorfeshan@yahoo.com
https://doi.org/10.22059/ses.2025.390078.1119
https://doi.org/10.22059/ses.2025.390078.1119
https://orcid.org/0000-0002-7514-6341
https://orcid.org/0000-0002-0991-7646
https://orcid.org/0000-0002-0991-7646

140 Journal of Sustainable Energy Systems, Volume 4, Issue 2, 2025

Cavitation remains a key challenge in improving valve performance, and various studies have been
conducted to mitigate its effects.

Materials and methods

This study evaluates cavitation performance in butterfly and ball valves using an 8-inch valve size for
comparison. The Rayleigh model is used to describe bubble motion during cavitation, factoring in
fluid velocity, pressure gradients, and Reynolds number. Surface roughness plays a key role in
initiating cavitation, with roughness values ranging from 100 to 1000 micrometers depending on the
flow regime. Numerical flow modeling is performed using ANSYS Workbench, with refined grid
generation in critical areas like walls and stagnation points. Boundary conditions include defining inlet
pressure, temperature, turbulence, and mass flow at the outlet. The rotating reference frame method is
used for valve and housing movement. The study focuses on simulating cavitation and its impact on
valve performance, highlighting the effects of surface roughness and fluid dynamics.

Results

This research demonstrates that the internal surface roughness of industrial valves influences
cavitation differently depending on the valve type. For ball valves, increasing roughness has a minimal
effect on cavitation intensity across various scales, with factors such as flow speed, pressure, and valve
geometry being more significant. In contrast, butterfly valves show a notable increase in vapor volume
fraction and cavitation intensity with higher surface roughness, especially at the inlet and outlet, where
the flow is more responsive to changes in roughness. Lowering surface roughness, particularly at these
critical points, helps reduce cavitation and prolongs equipment life. Furthermore, butterfly valves are
more reactive to roughness changes, exhibiting greater fluctuations in vapor formation. Numerical
analysis and graphs indicate that in butterfly valves, roughness increases the vapor volume fraction by
15%, whereas the effect is less pronounced in ball valves. The study also revealed that a higher
pressure ratio in butterfly valves enhances the mass flow rate and mitigates cavitation more effectively
than in ball valves. These results underscore the significance of optimizing the internal surfaces of
valves, suggesting that controlling roughness can enhance performance and minimize the negative
impacts of cavitation in industrial systems.

Discussion and Conclusion

This study shows that surface roughness affects cavitation differently in ball and butterfly valves. In
ball valves, roughness has little impact on cavitation, with factors like flow speed and pressure playing
a bigger role. However, in butterfly valves, increased roughness significantly raises vapor volume
fraction and cavitation intensity, especially at the inlet and outlet. Reducing roughness can help lower
cavitation and extend equipment life. Butterfly valves are more sensitive to roughness changes,
showing greater fluctuations in vapor production. The study emphasizes that optimizing surface
roughness can improve valve performance and reduce cavitation effects in industrial systems.
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1. Fraction Volume Hemogenous
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1. ANSYS Workbench
2. Solidworks
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