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ABSTRACT

In this work we derive some implicit error estimators forP1 nonconforming approximation
of quasi-Newtonian Stokes flows obeying the Carreau law. These estimators are computed by
solving local Neumann problems based on the recovered stress tensor. Numerical experiments
are carried out to compare the performance of different error estimators.

MODEL PROBLEM

The quasi-Newtonian Stokes flows are described by the equations
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− divA(∇u) + ∇p = f in Ω,

div u = 0 in Ω,

u = g onΓ,

(1)

whereΩ is a bounded polygonal domain inR2 with boundaryΓ, and f ∈ (L2(Ω))2 and
g ∈ (H1/2(Γ))2 are the given data. The Dirichlet boundary datag is required to satisfy the
compatibility condition

∫

Γ g · ν = 0.
The tensor-valued functionA : R

2×2 → R
2×2 is assumed to be Lipschitz continuous and

strongly monotone, i.e., there exist positive constantsC0, C1 such that, for allα,β ∈ R
2×2,

(A(α) −A(β)) : (α − β) ≥ C0|α − β|2

and

|A(α) −A(β)| ≤ C1|α − β|

with some constantC0, C1 > 0.
One particular case is the Carreau law with

A(α) = µ(|α|)α ∀α ∈ R
2×2,

whereµ(t) = c0 + c1(1 + t2)(r−2)/2 with c0, c1 > 0 andr ∈ [1, 2]. The caser = 2 corresponds
to the usual linear Stokes problem.



MAIN RESULTS

Recently, Agouzal [1] derived the following simplified residual error estimator
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. (2)

for P1 nonconforming approximation of the quasi-Newtonian Stokes problem (1).
By rewriting theP1 nonconforming FEM in the form of the mixed finite volume method

(see [2] for the second order elliptic equation), we computea stress approximationσh in RT 0

space by an explicit formula in terms of(uh, ph). Then we construct local Stokes and Poisson
problems, whereσh provides the necessary element and boundary data, which produce implicit
error estimators.

The reliability and efficiency of the new estimators are established, and it is shown that, in
some simple cases, the residual estimator (2) can be deriveddirectly from the estimator based
on Poisson problems. Numerical experiments are also carried out to compare the performance
of different error estimators.
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