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Topological Optimization and Strength Analysis of Valve Body Flow Channel Structures for High-Pressure Applications
Yang Yao
hua Du Valve Group Co., Ltd. Wenzhou, Zhejiang 325025

[ Abstract ] High-pressure fluid control systems impose stringent requirements on valve body load-bearing capacity and flow
performance. Traditional empirical design methods struggle to achieve optimal balance between weight reduction, flow
resistance mitigation, and structural strength assurance. This study investigates the optimization design of valve body
flow channel structures under high-pressure conditions. Based on analyzing failure mechanisms and design
requirements of high-pressure valves, we explore the influence patterns of flow channel structures on flow
characteristics and stress distribution. By applying topological optimization theory, we establish a multi-objective
optimization model targeting minimum flow energy consumption and maximum structural stiffness, while investigating
the application of variable density methods in flow channel configuration design. Through optimization result analysis,
we investigate stress concentration mechanisms in critical areas and propose improvement strategies. The research
demonstrates that topological optimization can generate non-intuitive high-performance flow channel configurations
that significantly enhance flow field uniformity and reduce pressure loss while meeting high-pressure strength
requirements, providing fundamental support for independent development of high-performance valve bodies.
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