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Flow characteristics around square columns and wind load distributions
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Abstract: [Purposes] The paper aims to investigate the flow characteristics around finite-length
square columns and the impact of end effects on aerodynamic force distribution. [ Methods ] This study
conducted numerical simulations to systematically analyze aerodynamic behaviors under varying width-
to-height ratios and longitudinal lengths. Initially, the reliability of the computational model and
method was validated using a two-dimensional square column section, and the influence of the width-
to-height ratio on sectional aerodynamic characteristics was examined. Subsequently, the evolution of
aerodynamic force distribution in the longitudinal direction and the extent of end flow effects were
identified in three-dimensional finite-length square columns. [ Findings] Results indicate that as the
width-to-height ratio increases, the vortex length in the wake region grows while the low-pressure zone

shrinks, which leads to a linear decrease in drag coefficient and Strouhal number. When the length-to-
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height ratio is below 20, both the overall drag coefficient and Strouhal number rise rapidly with the
increasing longitudinal length, and the wake flow field changes significantly, exhibiting strong three-
dimensional characteristics. As the length-to-height ratio continues to increase, the growth rates of
these parameters slow down. However, end flow effects remain prominent. The vortex shedding near
both ends weakens, which makes aerodynamic force show the distribution characteristics of being
higher in the middle and lower at the ends. [ Conclusions ] This study reveals the three-dimensional
flow characteristics around finite-length square columns and highlights the critical role of end effects in
their aerodynamic force distribution, providing valuable insights for engineering design and
aerodynamic application.
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