
ü Here is some code for a nice "Honey Comb" mesh composed of equilateral triangles:

Calculate the x, y coordinates of the nodes :

In[1]:= nx = 7; ny = 5; dx = 1.0 ê Hnx- 2L;
nodes = Flatten@Table@Table@Chop@8Min@1, Max@-1, xDD, dx Hj - 0.5 Hny+ 1LL êTan@p ê6D<D,8x, -H1 + dx Mod@j, 2DL, 1+ dx, 2 dx<D, 8j, 1, ny<D, 1D

Out[2]= 88-1, -0.69282<, 8-0.8,-0.69282<, 8-0.4,-0.69282<, 80, -0.69282<, 80.4,-0.69282<, 80.8,-0.69282<, 81, -0.69282<,8-1, -0.34641<, 8-0.6,-0.34641<, 8-0.2,-0.34641<, 80.2,-0.34641<, 80.6,-0.34641<, 81., -0.34641<, 8-1, 0<, 8-0.8, 0<,8-0.4, 0<, 80, 0<, 80.4, 0<, 80.8, 0<, 81, 0<, 8-1, 0.34641<, 8-0.6, 0.34641<, 8-0.2, 0.34641<, 80.2, 0.34641<, 80.6, 0.34641<,81., 0.34641<, 8-1, 0.69282<, 8-0.8, 0.69282<, 8-0.4, 0.69282<, 80, 0.69282<, 80.4, 0.69282<, 80.8, 0.69282<, 81, 0.69282<<
$DefaultFont = 8"Times-Roman", 9<;
ListPlot@nodes, PlotStyle Æ 8PointSize@dx ê 2D<, PlotRange Æ All, AspectRatio Æ AutomaticD;
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Calculate the indices of nodes of the triangle elements :

In[3]:= elements = Flatten@Table@Table@i + Hj - 1L nx- Floor@j ê 2D + Join@If@Mod@j, 2D ä 1 »» i > 1, 880, 1, nx<<, 8<D,
If@Mod@j, 2D ä 0 »» i < nx- 1, 881, nx+ 1, nx<<, 8<DD, 8i, 1, nx- 1<D, 8j, 1, ny- 1<D, 2D

Out[3]= 881, 2, 8<, 82, 9, 8<, 82, 3, 9<, 83, 10, 9<, 83, 4, 10<, 84, 11, 10<, 84, 5, 11<, 85, 12, 11<, 85, 6, 12<, 86, 13, 12<, 86, 7, 13<,88, 15, 14<, 88, 9, 15<, 89, 16, 15<, 89, 10, 16<, 810, 17, 16<, 810, 11, 17<, 811, 18, 17<, 811, 12, 18<, 812, 19, 18<,812, 13, 19<, 813, 20, 19<, 814, 15, 21<, 815, 22, 21<, 815, 16, 22<, 816, 23, 22<, 816, 17, 23<, 817, 24, 23<,817, 18, 24<, 818, 25, 24<, 818, 19, 25<, 819, 26, 25<, 819, 20, 26<, 821, 28, 27<, 821, 22, 28<, 822, 29, 28<,822, 23, 29<, 823, 30, 29<, 823, 24, 30<, 824, 31, 30<, 824, 25, 31<, 825, 32, 31<, 825, 26, 32<, 826, 33, 32<<
Here is a picture to visualize the triangle elements :
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In[4]:= jmax = Length@elementsD; PlotColor@hue_D := Hue@2 H1- hueL ê 3D;
Show@Graphics@Table@plist = Map@nodesP#T &, elementsPjTD;8PlotColor@Hj - 1L ê Hjmax- 1LD, Polygon@plistD, RGBColor@0, 0, 0D, Text@j, Plusûû plist ê 3D,

Table@Text@elementsPj, iT, plistPiTD, 8i, 1, 3<D<, 8j, 1, jmax, 1<DD, AspectRatio Æ Automatic, PlotRange Æ AllD;
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If you want to use this mesh in Fortran or some other program, you can use this codeto export the mesh :

In[6]:= Export@"C:ênodes.txt", Chop@nodesD, "Table"D; Export@"C:êelements.txt", Chop@elementsD, "Table"D;
Calculate the local stiffness matrices : Kmn

j = 1ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅDx2 Dy3 - Dx3 Dy2
 ikjjjjjjjjlx + ly - 2 lxy lxy - ly lxy - lxlxy - ly ly -lxylxy - lx -lxy lx

y{zzzzzzzzDx2 ª x2 - x1, Dy2 ª y2 - y1, Dx3 ª x3 - x1, Dy3 ª y3 - y1, lx ª Dx2
2 + Dx3

2, lxy ª Dx2 Dy2 + Dx3 Dy3, ly ª Dy2
2 +Dy3

2

In[7]:= Klocal =
MapAModuleA8<, Do@8Dxi, Dyi< = nodesP#PiTT- nodesP#P1TT, 8i, 2, 3<D; lx = Dx2

2 +Dx3
2; lxy = Dx2 Dy2 +Dx3 Dy3;ly = Dy2

2 +Dy3
2; ChopA 1ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄDx2  Dy3 -Dx3  Dy2

 ikjjjjjjjjlx + ly - 2 lxy lxy - ly lxy - lxlxy - ly ly -lxylxy - lx -lxy lx

y{zzzzzzzzEE &, elementsE;
Map@

MatrixForm,
KlocalD

General::spell1 :  Possible spelling error: new symbol name "Dy" is similar to existing symbol "Dx". More…

Out[8]= :ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz,ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,
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ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 0.886751 -0.732051 -0.154701-0.732051 1.73205 -1.-0.154701 -1. 1.1547

y{zzzzzzzz,ikjjjjjjjj 2.04145 -2.4641 0.42265-2.4641 3.4641 -1.

0.42265 -1. 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz,ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 6.04145 -4.4641 -1.57735-4.4641 3.4641 1.-1.57735 1. 0.57735

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz,ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,ikjjjjjjjj 0.886751 -0.732051 -0.154701-0.732051 1.73205 -1.-0.154701 -1. 1.1547

y{zzzzzzzz, ikjjjjjjjj 2.04145 -2.4641 0.42265-2.4641 3.4641 -1.

0.42265 -1. 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz,ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz,ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz,ikjjjjjjjj 2.3094 -1.73205 -0.57735-1.73205 1.73205 0-0.57735 0 0.57735

y{zzzzzzzz, ikjjjjjjjj 1.3094 -0.366025 -0.943376-0.366025 0.866025 -0.5-0.943376 -0.5 1.44338

y{zzzzzzzz, ikjjjjjjjj 6.04145 -4.4641 -1.57735-4.4641 3.4641 1.-1.57735 1. 0.57735

y{zzzzzzzz>
Assemble global stiffness matrix :
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In[9]:= nxy = Length@nodesD; 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;
Kglobal êê MatrixForm

General::spell :  Possible spelling error: new symbol name "element" is similar to existing symbols8Element, elements<. More…

Out[11]//MatrixForm=i

k

jjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjj

2.3094 -1.73205 0 0 0 0 0 -0.57735 0 0-1.73205 5.35085 -0.366025 0 0 0 0 -0.57735 -2.67543 0

0 -0.366025 4.48483 -0.366025 0 0 0 0 -1.07735 -2.6754

0 0 -0.366025 4.48483 -0.366025 0 0 0 0 -1.0773

0 0 0 -0.366025 4.48483 -0.366025 0 0 0 0

0 0 0 0 -0.366025 4.06218 -0.732051 0 0 0

0 0 0 0 0 -0.732051 1.73205 0 0 0-0.57735 -0.57735 0 0 0 0 0 4.50555 -0.366025 0

0 -2.67543 -1.07735 0 0 0 0 -0.366025 8.2376 -0.3660

0 0 -2.67543 -1.07735 0 0 0 0 -0.366025 8.2376

0 0 0 -2.67543 -1.07735 0 0 0 0 -0.3660

0 0 0 0 -2.67543 -1.07735 0 0 0 0

0 0 0 0 0 -1.88675 -1. 0 0 0

0 0 0 0 0 0 0 0.42265 0 0

0 0 0 0 0 0 0 -3.40748 -1.07735 0

0 0 0 0 0 0 0 0 -2.67543 -1.0773

0 0 0 0 0 0 0 0 0 -2.6754

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

Calculate the load vector :

In[12]:= Q = Table@1, 8nxy<D;
Modify the global stiffness matrix and load vector to include boundary conditions :
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In[13]:= Do@8x, y< = nodesPiT; If@Abs@xD ä 1 »» Abs@yD ä 0.5 dx Hny- 1L ê Tan@p ê 6D,
KglobalPiT = Table@If@j ä i, 1, 0D, 8j, 1, nxy<D; QPiT = 0D, 8i, 1, nxy<D;

Kglobal êê
MatrixForm

Out[14]//MatrixForm=i

k

jjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjj

1 0 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0

0 -2.67543 -1.07735 0 0 0 0 -0.366025 8.2376 -0.366025 0 0

0 0 -2.67543 -1.07735 0 0 0 0 -0.366025 8.2376 -0.366025 0

0 0 0 -2.67543 -1.07735 0 0 0 0 -0.366025 8.2376 -0.366

0 0 0 0 -2.67543 -1.07735 0 0 0 0 -0.366025 8.2376

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 -3.40748 -1.07735 0 0 0

0 0 0 0 0 0 0 0 -2.67543 -1.07735 0 0

0 0 0 0 0 0 0 0 0 -2.67543 -1.07735 0

0 0 0 0 0 0 0 0 0 0 -2.67543 -1.077

0 0 0 0 0 0 0 0 0 0 0 -2.675

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

Solve for Prandtl stress function :

In[15]:= q = Chop@LinearSolve@Kglobal, QDD
Out[15]= 80, 0, 0, 0, 0, 0, 0, 0, 0.312802, 0.374756, 0.370526, 0.296165, 0, 0, 0.203826, 0.455993,

0.502991, 0.472738, 0.297062, 0, 0, 0.263393, 0.36375, 0.377434, 0.330553, 0, 0, 0, 0, 0, 0, 0, 0<
Here is the same code again, this time using a finer mesh :
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In[16]:= nx = 50; ny = Round@2 Hnx- 2L Tan@p ê 6D+ 1D; dx = 1.0 ê Hnx- 2L;
nodes = Flatten@Table@Table@8Min@1, Max@-1, xDD, dx Hj - 0.5 Hny+ 1LL ê Tan@p ê 6D<,8x, -H1 + dx Mod@j, 2DL, 1+ dx, 2 dx<D, 8j, 1, ny<D, 1D;
elements = Flatten@Table@Table@i + Hj - 1L nx- Floor@j ê 2D +

Join@If@Mod@j, 2D ä 1 »» i > 1, 880, 1, nx<<, 8<D, If@Mod@j, 2D ä 0 »» i < nx- 1, 881, nx+ 1, nx<<, 8<DD,8i, 1, nx- 1<D, 8j, 1, ny - 1<D, 2D; jmax = Length@elementsD;
Klocal = MapAModuleA8<, Do@8Dxi, Dyi< = nodesP#PiTT - nodesP#P1TT, 8i, 2, 3<D; lx = Dx2

2 + Dx3
2;lxy = Dx2  Dy2 + Dx3  Dy3; ly = Dy2

2 +Dy3
2;

1ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄDx2  Dy3 -Dx3  Dy2

 ikjjjjjjjjlx + ly - 2 lxy lxy - ly lxy - lxlxy - ly ly -lxylxy - lx -lxy lx

y{zzzzzzzzE &, elementsE;
nxy = Length@nodesD; 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;
Q = Table@1, 8nxy<D;
Do@8x, y< = nodesPiT; If@Abs@xD ä 1 »» Abs@yD ä 0.5 dx Hny- 1L ê Tan@p ê 6D,

KglobalPiT = Table@If@j ä i, 1, 0D, 8j, 1, nxy<D; QPiT = 0D, 8i, 1, nxy<D;
q = LinearSolve@Kglobal, QD; q1 = Min@qD; q2 = Max@qD; PlotColor@hue_D := Hue@2 H1 - hueL ê 3D;
Show@Graphics@8PointSize@1.5 dxD, Table@8PlotColor@HqPiT- q1L ê Hq2- q1LD, Point@nodesPiTD<, 8i, 1, nxy<D<,

AspectRatio Æ Automatic, Background Æ RGBColor@0, 0, 0DDD;
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