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ABSTRACT

Understanding  the  interaction  of  a  free  flow  and  a  deformable  porous  medium  is  essential  for
geomechanical applications such as Enhanced Geothermal Systems and the controlled extraction of
oil and gas from fractured reservoirs. To study this interaction we developed a coupled model. In the
model, the free flow is described by the Stokes equations, the porous formation is described by Biot’s
equations, and the fluid flow in the formation is described by Darcy’s law. Both the free flow region
and the formation are saturated with fluid. 

One of the challenges addressed in this contribution is the choice and implementation of suitable
coupling conditions on the shared interface of the free flow and the poroelastic medium. To fully
couple the Stokes equations to Biot’s equations, both stress and flow conditions are prescribed. The
slip  encountered by the fluid flowing along the saturated formation is  enforced by the Beavers-
Joseph-Saffman  condition  [1,2].  Furthermore,  the  Darcy  flux  over  the  interface  is  driven  by  a
pressure jump condition, as introduced by Showalter [3]. 

Depending on the model problem we apply either traditional FEA or isogeometric analysis (IGA) [4]
to the problem. IGA employs splines instead of the Lagrange basis functions used in traditional FEA.
The controllable continuity property of splines allows for high accuracy with relatively few degrees
of freedom. 

The   numerical  model  is  shown to  fully  couple  a  free  flow and a  saturated deformable  porous
medium in one- and two-dimensional cases and for various geometries. Results of the coupled model
are validated using analytical results and a literature benchmark [5]. 
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