
A onservative adaptive sheme for the two-dimensionalairfoil-vortex interation problemA. Guardone, D. Isola and G. QuarantaCorresponding author: alberto.guardone�polimi.itPolitenio di Milano, Dipartimento di Ingegneria AerospazialeVia La Masa 34, 20156 Milano, ItalyAbstrat: Preliminary omputations for the vortex-airfoil interation prob-lem are shown. The Arbitrary Lagrangian-Eulerian formulation of the Eulerequations is used to desribe the �uid behaviour. An unsteady adaptive gridstrategy is adopted to better apture the �ow features, e.g. shok waves, andto redue the numerial dissipation of the vortex.Keywords: Adaptive Grids, Airfoil-Vortex Interation, ALE Formulation.The omputation of the dynami loads over an airfoil aused by the interation with ex-ternal vorties is a hallenging task. Numerial simulations of this kind of �ow �elds are ofinterest sine in rotorraft the blade-vortex interation (BVI) ould be a relevant soure of noiseand vibration [1℄. However, suitable tehniques must be adopted to avoid the destrution ofthe vorties by the numerial dissipation [2, 3℄, a well known phenomenon of shemes basedon the shok-apturing approah. In the present work grid adaptation is performed to loallyinrease the grid quality and redue the spaing, thus reduing the numerial dissipation intro-dued by the sheme. A ombination of node displaements and loal topology modi�ations(edge-swapping, node insertion/removal) is adopted. The Arbitrary Lagrangian-Eulerian (ALE)formulation of the Euler equations, in whih the ontrol volumes are allowed to hange in shapeand position as time evolves, is used to desribe the behavior of the �ow. The governing equa-tions are disretized by a node entered �nite volumes approah in whih the grid veloities areorreted to take into aount the grid modi�ations performed by the adaptation sheme. Theoverall sheme allows to ompute the solution at the urrent time level by simply integratingthe governing equations, without expliit interpolation of the solution, i.e. in a onservativemanner. Moreover high order time integration shemes, e.g. standard BDF tehniques, an beimplemented very easily. [5℄.Preliminary omputations of the interation between a ompressible vortex and a NACA0012airfoil are presented in order to assess the validity of the proposed approah. A transoniasymptoti Mah number of 0.8 is onsidered, the initial miss distane is set to −0.26c, with cairfoil hoord, the vortex radius is 0.05c and the vortex Mah number is 0.16. The initial gridspaing is hosen to be proportional to the distane from the solid walls and then adapted to theMah gradient of the steady solution. The vortex is then inserted in the �ow�eld at a distane of5 hords from the leading edge and an additional re�nement is perfored inside the vortex radius.As result the area of the elements loated inside the vortex is equal to 1.3c · 10
−5. At every timestep the vortex ore is identi�ed as the minimum of vortiity. The unsteady omputations are1



Cp
1.15
1.05
0.95
0.85
0.75
0.65
0.55
0.45
0.35
0.25
0.15
0.05

-0.05
-0.15
-0.25
-0.35
-0.45
-0.55
-0.65
-0.75
-0.85
-0.95

PSfrag replaements
xv

c
= -0.2 xv

c
= 0.6

xv

c
= 1.4

Figure 1: Pressure oe�ient ontours and omputational at several time steps, i.e. di�erentore horizontal oordinates z.arried out aording to the following proedure:i. Core displaement: the grid lose to the vortex is deformed to follow its movement.ii. Preditor: the solution ũ
n+1 is omputed from the solution at the previous time step.iii. Adaptation: the grid is adapted over the predited solution.iv. Corretion: the solution u

n+1 is omputed from u
n over the adapted grid.The �rst step allows to redue the numerial dissipation, sine the grid around the ore almostrigidly follows the vortex in a Lagrangian fashion. The preditor phase is neessary to adapt thegrid over the solution and the orretion phase allows to take the topology modi�ations intoaount in a onservative way. The evolution of the omputational grid is shown in Figure 1. Itmust be noted that signi�ant hanges in the mesh are aused by the almost-rigid displaementthe vortex. However, the overall quality of the mesh does not derease. The results in terms ofpressure oe�ient values in the �ow�eld are also shown in Figure 1. The displaement of theshok waves an be observed.Referenes[1℄ R. Singh and J. D. Baeder, Adaptive Euler Simulation of Superritial Interation of Airfoiland Vortex. 16th AIAA Computational Fluid Dynamis Conferene, June, 2003, Orlando,FL, USA.[2℄ L. Tang and J. D. Baeder, On the signi�ane of transoni e�ets on aerodynamis andaoustis of blade-vortex interations. 2nd AIAA/CEAS Aeroaoustis Conferene, 1996.[3℄ W. S. Oh, J. S. Kim, and O. J. Kwon. Numerial Simulation of Two-Dimensional Blade-Vortex Interations Using Unstrutured Adaptive Meshes. AIAA Journal, 40(3):474-480,2002.[4℄ A. Guardone, D. Isola, and G. Quaranta. Arbitrary lagrangian eulerian formulation for two-dimensional �ows using dynami meshes with edge swapping. Journal of ComputationalPhysis, 230(20):7706�7722, 2011.


