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ABSTRACT 

The present contribution considers mixed least-squares finite element methods (LSFEMs) for the 
computation of overall flow rate quantities of microstructures. First, the methods are investigated 
with respect to accuracy and efficiency regarding regular and adaptive mesh refinement for both a 
regular and a non-regular boundary value problem. Secondly, the most efficient methods are applied 
to the simulation of perfused microstructures. The well-known stress-velocity-pressure formulation is 
the basis for two further div-grad least-squares formulations in terms of stresses and velocities (SV). 
Advantage of the SV formulations is a smaller size of the system matrices due to a reduction of the 
degrees of freedom. 

The LSFEMs base on the incompressible stationary Navier-Stokes equations consisting of the 
balance of momentum and the continuity equations. The first formulation, which is considered, is the 
stress-velocity-pressure formulation according to [1]. Therefore, the Cauchy stress tensor σ is 
introduced as an additional variable to the system of equations. The first SV formulation, a so-called 
overconstrained stress-velocity formulation is derived based on the findings [2]. Here, a redundant 
residual is added to the functional without additional variables to strengthen specific physical 
relations, similar to [3]. In order to obtain the second SV formulation, a novel approach is 
investigated where the pressure value is interpolated discontinuously, and condensed on the discrete 
level without the need for any matrix inverting or storage of history variables. 

Both SV formulations are verified for the regularized lid-driven cavity problem. Furthermore, 
microstructural quantities are computed for complex problems. 
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