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Synopsis 
Understanding the flow physics around cylindrical objects is a fundamental problem in fluid dynamics with 

numerous engineering applications, including aerospace, civil, and mechanical engineering sector. Accurate 

simulation of such flows is crucial for designing efficient structures and devices subjected to fluid forces, as it 

directly impacts their aerodynamic performance, safety, and durability. Predicting vortex-induced vibrations 

and drag forces on cylindrical structures can lead to better designs that mitigate structural fatigue and failure 

caused by resonance frequency. In this study, a comparative analysis of flow around a cylinder using the 

Immersed Boundary Method (IBM) and the Arbitrary Lagrangian-Eulerian (ALE) approach within the 

OpenFOAM® (FOAM-Extend-4.1) computational fluid dynamics framework has been conducted. IBM 

simplifies mesh generation by utilizing a fixed Cartesian grid, whereas ALE accommodates dynamic mesh 

deformation. A performed 2D transient numerical simulations has been performed for Reynolds numbers (Re 

= 100, 200, 1000, 2000) to evaluate the accuracy, efficiency, and robustness of both methods in capturing key 

flow characteristics such as vortex shedding, lift, and drag coefficients. Both static and oscillating cylinder 

flows were studied. Initially, mesh sensitivity analysis was conducted using Richardson extrapolation with a 

refinement factor of 2 and was validated against existing literature for Re = 200 [1], [2], [3], [4], [5].  The 

results demonstrate that both methods can accurately simulate flow around a cylinder, though they differ in 

computational efficiency and ease of implementation. IBM required significantly more computational time to 

achieve result convergence compared to ALE. For static cylinders, ALE studies included IcoFoam-laminar, 

PimpleFoam-laminar, and PimpleFoam with the k-omega SST turbulence model. The laminar models were 

effective for low Reynolds numbers (≤200), producing a drag coefficient (Cd) of 1.4 for Re = 100 and 200 

using IcoFoam, and 1.38 and 1.375 using PimpleFoam-laminar. The k-omega SST model estimated Cd values 

of 1.37 and 1.29 for Re = 1000 and 2000, respectively. Using IBM with the IcoFoam solver, Cd values were 

1.5, 1.44, 1.287, and 1.143 for Re = 100, 200, 1000, and 2000, respectively. Studies on oscillating cylinder 

flows, considering a 0.1D amplitude in the y-axis at a frequency of 1Hz, are also presented and compared for 

IBM and ALE at Re = 100, alongside time-dependent and grid sensitivity tests for IBM. These findings provide 

insights into the strengths and limitations of IBM and ALE methods, emphasizing trade-offs between 

computational efficiency and implementation complexity.  
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Figure 1: Computational domain chosen for CFD studies representing the Initial and Boundary conditions for 

a) ALE model and, b) IBM model. 
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