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Numerical Simulation of the Flow Field around NACA0012 Airfoil in the Low Reynolds Number Region
using Cartesian Grids
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Abstract
This study conducts numerical simulations of the flow field around NACA 0012 airfoil under low Reynolds number
conditions using the UTCart solver, which adopts Cartesian grids and compressible RANS equations. Simulations were
performed for both Earth (Re = 3.0 x 10°) and Martian (Re = 1.2 x 10%) atmospheric conditions over angles of attack from
0° to 20°. Initially, the results showed discrepancies from experimental data at high angles of attack. To address this,
improvements were made by switching the turbulence model from Spalart—Allmaras to SST k- transition, increasing
spatial accuracy to fourth-order, refining the near-wall mesh resolution (achieving y* < 1), optimizing time integration, and
enhancing parallel computation. These modifications led to significantly improved agreement with experimental results,
especially under Martian conditions. The findings demonstrate the effectiveness of UTCart in simulating low Reynolds

number flows and its potential to complement and extend previous studies conducted using OpenFOAM.
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