
Here is some code to solve Poisson's Equation using the Finite Element Method (FEM) on abritrary unstructured meshes:

ImportMesh@folder_D := Module@8<, nodes = Import@StringJoin@folder, "nodes.txt"D, "CSV"D;
elements = Import@StringJoin@folder, "elements.txt"D, "CSV"D;D;

SolvePoissonFEM@D := ModuleA8<, jmax = Length@elementsD; xlist = Map@#P1T &, nodesD; ylist = Map@#P2T &, nodesD;
8x1, x2< = 8Min@xlistD, Max@xlistD<; 8y1, y2< = 8Min@ylistD, Max@ylistD<; nxy = Length@nodesD; Q = Table@0, 8nxy<D;
Klocal = MapAModuleA8<, Do@8Dxi, Dyi, void< = nodesP#PiTT - nodesP#P1TT, 8i, 2, 3<D; l2 = Dx2

2 + Dy2
2;

l23 = Dx2  Dx3 + Dy2  Dy3; l3 = Dx3
2 + Dy3

2; d = Dx2  Dy3 - Dx3 Dy2; Do@QP#PnTT += d ê 6, 8n, 1, 3<D;
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zzzzzzzEE &, elementsE; Kglobal = Table@0, 8nxy<, 8nxy<D;

Do@element = elementsPjT; Do@KglobalPelementPmT, elementPnTT += KlocalPj, m, nT, 8m, 1, 3<, 8n, 1, 3<D,
8j, 1, jmax<D; Do@8x, y, boundary< = nodesPiT;
If@boundary ä 1, KglobalPiT = Table@If@j ä i, 1, 0D, 8j, 1, nxy<D; QPiT = 0D,
8i, 1, nxy<D; q = Chop@LinearSolve@Kglobal, QDDE;

Interpolate@x_, y_D := Module@8x1, y1<, 8x1, y1< = plistP1T; Do@8Dxi, Dyi< = plistPiT - 8x1, y1<, 8i, 2, 3<D;
8x, h< = HHx - x1L 8Dy3, -Dy2< + Hy - y1L 8-Dx3, Dx2<L ê HDx2  Dy3 - Dx3 Dy2L; qPelementT.81 - x - h, x, h<D;

PlotSolution@D := Module@8<, r = Hy2 - y1L ê Hx2 - x1L; ny = 275; nx = Round@ny ê rD;
image = Table@0, 8ny<, 8nx<D; Do@element = elementsPjT; xlist = Map@#P1T &, nodesPelementTD;

ylist = Map@#P2T &, nodesPelementTD; plist = Transpose@8xlist, ylist<D;
xIntersect@88x1_, y1_<, 8x2_, y2_<<D := If@y1 ä y2, •, x1 + Hy - y1L Hx2 - x1L ê Hy2 - y1LD;
Do@y = y1 + Hy2 - y1L Hi - 1L ê Hny - 1L; jlist = Round@Hnx - 1L 

HSelect@Map@xIntersect, Partition@plist, 2, 1, 1DD, HMin@xlistD £ # £ Max@xlistDL &D - x1L ê Hx2 - x1L + 1D;
If@jlist =!= 8<, Do@x = x1 + Hx2 - x1L Hjj - 1L ê Hnx - 1L; imagePi, jjT = Interpolate@x, yD,

8jj, Max@1, Min@jlistDD, Min@nx, Max@jlistDD<DD, 8i, Max@1, Round@Hny - 1L HMin@ylistD - y1L ê Hy2 - y1L + 1DD,
Min@ny, Round@Hny - 1L HMax@ylistD - y1L ê Hy2 - y1L + 1DD<D, 8j, 1, jmax<D;

ListDensityPlot@image, AspectRatio Æ Automatic, Mesh Æ False, Frame Æ False,
ColorFunction Æ HHue@2 H1 - #L ê 3D &L, AspectRatio Æ r,
ImageSize Æ 8nx, ny<, Epilog Æ Table@element = elementsPjT;

Line@Map@H8x, y, boundary< = nodesP#T; 8nx Hx - x1L ê Hx2 - x1L, ny Hy - y1L ê Hy2 - y1L<L &,
Append@element, elementP1TDDD, 8j, 1, jmax<DDD;

folder = "C:êSchoolêEngineeringêME207 - Computer ModelingêProjectê";
folder = "";

Project.nb 1

Printed by Mathematica for Students



ImportMesh@StringJoin@folder, "Squareê"DD; SolvePoissonFEM@D; PlotSolution@D;

ImportMesh@StringJoin@folder, "Circleê"DD; SolvePoissonFEM@D; PlotSolution@D;

Project.nb 2

Printed by Mathematica for Students



ImportMesh@StringJoin@folder, "Donutê"DD; SolvePoissonFEM@D; PlotSolution@D;

ImportMesh@StringJoin@folder, "Hexê"DD; SolvePoissonFEM@D; PlotSolution@D;

Project.nb 3

Printed by Mathematica for Students



ImportMesh@StringJoin@folder, "HexDonutê"DD; SolvePoissonFEM@D; PlotSolution@D;

ImportMesh@StringJoin@folder, "SquareDonutê"DD; SolvePoissonFEM@D; PlotSolution@D;

Project.nb 4

Printed by Mathematica for Students



ImportMesh@StringJoin@folder, "SquareDonut2ê"DD; SolvePoissonFEM@D; PlotSolution@D;

ImportMesh@StringJoin@folder, "Sunsetê"DD; SolvePoissonFEM@D; PlotSolution@D;

Project.nb 5

Printed by Mathematica for Students


