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Description of the scheme Description of the scheme Results for Test 1.1

Integration of the first equation of the system (1) over A4 , using umin= 0.0, umax=1.0.

Green’s formula leads to:

o (). the quadrangular cell (Aq, Ao, Az, Ay), SF4 the area of ()., A

the barycenter of Qy., M;. 1 the middle of the edge A;A;11 (by con- ocvgradl2= 1.00.

e Triangular mesh mesh1 ~~ ocvl2= 2.00,

vention A5 = Aj), D; and E; the middles of the edges M;A; and
A;M; 1 (by convention M5 = My).

e 7ip, and 17 . the normal vectors to the edges M;A; and A; M; 1 with
the same length as these edges.

o A 4. the quadrangular cell (A, M;, A;, M; 1), SE; its area and OA 4.
its boundary:.

e Fy. and Ny, the set and the number of edges around the point A;
in the grid of €.
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S0, we deduce the flux fp and fg through the interface M;A; and
AiM;iq
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e Distorted quadrangular mesh mesh4_j_i
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Applying the flux continuity conditions on Fy., we deduce the interface
values (Cf,, Cp., etc.) as a function of the main unknowns, inversing a
small matrix M 4. of dimension N 4.. Then we reconstruct all the fluxes
around the point A;. Let us integrate the mass conservation equation

(the second equation of system (1)) over a cell €2;.. We get:
/ divgd$) = / gidl = Y fp,+ fg = / FdQ) = SFsfa
(3)

So, we are able to calculate all the values located at the barycenter of
each cell of the grid.

Case of quadrangular cells

Assumptions of the finite volume discretization
e Comments

For test 1.1, for triangular cells, as the mesh and the solution is reg-
ular, we observe no oscillations. For distorted quadrangular meshes,
although the scheme is not linear exact, we observe that it is of order
2 in space for the solution. The error erflm seems to be large. We
do not see any oscillations appearing. Moreover, the approximate
solution remains within the bounds of the exact solution.

e The concentration C' is constant inside {2, the vector ¢ is constant
on Ay4..

e The matrix K is constant on 1., the concentration C' is constant on
the edges M;A; and A; M, 1.

We denote C'y (respectively Cp. and Cg) the value of the concentra-
tion C at the point A (respectively on the edges M;A; and A;M; 1),
J 4 the value of the source term f at the point A, g4, the value of ¢ on

A 4., K 4 the value of the matrix K at the point A.

Results for Test 1.2 Results for Test 2 Numerical locking Results for Test 3 : Oblique flow

umin= 0.0, umax=1 + sin(1). Triangular mesh meshl. umin= —1, umax= 1.

o) = 10° ~» ocvl2= 2.38, ocvgradl2= 1.47.

e Uniform rectangular mesh mesh2. umin= 0.0, umax= 1.0.
e Triangular mesh mesh1l ~~ ocvl2= 2.00, ocvgradl2= 1.00.
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e Solution on mesh2_i for i=2 (left),
STy

Results for Test 5 : Heterogeneous rotating

e Non conforming rectangular mesh mesh5. umin= 0.0, umax= 1.0.

anisotropy

~ ocvl2=1.99, ocvgradl2=1.44.
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e Comments
For test 2, we observe that the scheme is of order higher than 2 in
space for the solution, and of order 1.5 for the gradient. We observe
oscillations for the coarsest meshes but no numerical locking effect.

Results for Test 6 and Test 7

e Test 6 Oblique drain, min = —1.2, max = 0, coarse (C) and fine
(F') oblique meshes, mesh6 and mesh?7
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e Test 7 Oblique barrier, min = 0.575, coarse

oblique mesh mesh6
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For test 5, the scheme is of order 2 in space for the solution and of
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e Comments

For tests 6 and 7, the new scheme (variant of VESYM) is very accu-
rate (about the machine precision).

order around 1.5 for the gradient. We observe large oscillations for
the coarsest meshes.
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For test 3, we observe that the scheme respects the maximum

ciple.

Results for Test 8 and Test 9

e Test 8 Perturbed parallelograms mesh mesh8.
umin= 0.0, umax= 1.0.

e Test 9 Anisotropy with wells. Square uniform grid mesh9.
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For tests 8 and 9,
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we observe large oscillations.




