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ABSTRACT 

  
Multiphase flows in porous media arise in various disciplines such as petroleum and water 

remediation engineering. There has been various numerical solvers for the multiphase flows in 
porous media problems.  Difficulties lies in that material properties are extremely variable along 
the short distance. For example, a permeability, which affects pressure and Darcy velocity, may 
be discontinuous along the different materials. However, some of the solvers based on finite 
difference methods cannot solve the pressure equations with the discontinuous coefficients. 
Poor approximations of Darcy velocity lead to the dispersion of the saturation variables. Thus 
the developing numerical schemes for the PDE with discontinuous coefficients are important 
issues for the porous media problems. 
Recently, immersed finite element methods (IFEM) are proposed for the elliptic problems 

with discontinuous tensor [1-5]. One of the advantages of IFEM is that IFEM uses structured 
girds which does not depend on the locations of interfaces. IFEM allows the interfaces to cut 
through the elements. Instead, the basis functions are modified such a way that local flux 
continuity is satisfied on each element. IFEM uses smaller degree of freedoms than the 
discontinuous Galerkin methods and produces stable and accurate results for the highly 
discontinuous PDE problems. For the error estimates of IFEM refer to [1, 3]. 
In this work, we develop IFEM framework to solve two phase flows through the 

heterogeneous media where the permeability tensors are discontinuous along the interface. To 
satisfy the local flux condition, we use Q1-bilinear based IFEM functions. The scheme is fully 
implicit in time discretization (backward Euler). We use the formulation of global pressure and 
total velocity which describes the governing equations by coupling of the elliptic type pressure 
equation and parabolic type saturation equation. To increase the stability of the numerical 
scheme, we introduce the stability types of terms to each edge of the elements.  
 Numerical results show that the proposed methods have around second order accuracy in L2 

norms and first order accuracy in H1 norm for the pressure and saturation variables. 
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