
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 27, 2023

An improved interface penalisation for vortex methods

Hejlesen, Mads Mølholm; Koumoutsakos, Petros; Leonard, Anthony; Walther, Jens Honore

Publication date:
2013

Link back to DTU Orbit

Citation (APA):
Hejlesen, M. M., Koumoutsakos, P., Leonard, A., & Walther, J. H. (2013). An improved interface penalisation for
vortex methods. Abstract from 3rd International Conference on Particle-Based methods, Stuttgart, Germany.

https://orbit.dtu.dk/en/publications/99f1ea35-9a79-440f-af77-d1b8bb6ed4e3


An improved interface penalisation for vortex methods

Mads M. Hejlesen1, Petros Koumoutsakos2, Anthony Leonard3 and Jens H. Walther1,2

1Department of Mechanical Engineering
Technical University of Denmark

Nils Koppels Alle, Building 403, DK-2800 Kgs. Lyngby, Denmark  
e-mail: mmhej@mek.dtu.dk, web page: http://www.mek.dtu.dk

2 Computational Science and Engineering Laboratory
ETH Zürich

Clasiusstrasse 33, CH-8092 Zürich, Switzerland
e-mail: petros@ethz.ch, walther@mavt.ethz.ch, web page: http://www.cse-lab.ethz.ch

3 Division of Engineering and Applied Science
 California Institute of Technology

1200 E California Blvd., CA 91125 Pasadena, USA
e-mail: tony@galcit.caltech.edu, web page: http://www.eas.caltech.edu/

ABSTRACT

When  using  particle-mesh  methods  for  fluid  mechanic  applications,  the  Brinkman  penalisation 
method  [1]  offers  a  convenient  way  of  enforcing  the  no-slip  boundary  condition  at  complex 
boundaries. The penalisation method is based on introducing a local source term to the governing 
equations which enforces a no-flow condition within the solid. Kevlahan [2] proposes a method to 
use the Brinkman penalisation with the vorticity equation.  Here a split-step algorithm is used to  
update the vorticity as the curl of the penalised velocity field. The updated vorticity penalisation has  
been implemented in the vortex-in-cell method by Rasmussen et al. [3] and Gazzola et al. [4] where  
it  has  been  validated  on  different  geometries,  both  fixed  and  moving.  The  updated  vorticity 
penalisation has difficulties handling acceleration of either the flow or the solid that is normal to the  
penalised boundary. The underlying problem is the lack of a normal stress coupling when calculating 
the vorticity from the penalised velocity field. This results in an inefficient update of the surface  
vorticity  on  boundaries  when  the  penalisation  force  becomes  perpendicular  to  the  flow.  For 
geometries with large surfaces perpendicular to the flow it is shown that an effective penalisation of 
the velocity field is not reached before a certain number of time steps. In the presented work we show 
that by iterating the vorticity update from the penalisation, the surface vorticity can be fully updated 
within a single time step. We investigate methods to improve the update of surface vorticity and test  
the methods on the case of an impulsively started flow perpendicular to a thin plate. The efficiency  
and accuracy of the penalisation method is compared with literature [5] and recent vortex particle 
simulations using the boundary element method (BEM). The flow perpendicular to the thin plate is  
characterised by the early formation of strong tip vortices resulting in high initial  drag force. By 
comparing the penalisation force and the change in  vorticity  moment  with that  from the vortex 
method using BEM, it is seen that the penalisation method is capable producing results which agrees 
well with that of other numerical methods.
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