
ü Notes: http://bessie.che.uc.edu/tlb/teach/undergrad/chem381f97/math/node7.html

soln = ‡
0

1

 ‡
0

1

 8∑x u, ∑hu< J-T J-1 
i
kjjj
∑x n

∑h n
y
{zzz ∞J¥ „ x „h

local stiffness matrix : Kmn
j = ‡

0

1

 ‡
0

1

 8∑x Nm, ∑h Nm< J-T J-1 
i
kjjj
∑x Nn

∑hNn

y
{zzz ∞J¥ „ x „ h

 

ü Triangle Element

shape functions : N1 = 1 - x - h, N2 = x, N3 = h

trial and test function : u =‚
i=1

3

qi Ni, v =‚
i=1

3

pk Nk Ø
∑u
ÅÅÅÅÅÅÅÅÅÅ
∑x

= -q1 + q2,
∑v
ÅÅÅÅÅÅÅÅÅÅ
∑x

= -p1 + p2,
∑u
ÅÅÅÅÅÅÅÅÅÅ
∑h

= -q1 + q3,
∑v
ÅÅÅÅÅÅÅÅÅÅ
∑h

= -p1 + p3

x”÷ = x”÷ 1 + Hx”÷ 2 - x”÷ 1L x + Hx”÷ 3 - x”÷ 1L h Ø x = x1 + Hx2 - x1L x + Hx3 - x1L h, y = y1 + Hy2 - y1L x + Hy3 - y1L h
Dx2 ª x2 - x1, Dy2 ª y2 - y1, Dx3 ª x3 - x1, Dy3 ª y3 - y1

Jacobian : J =
i
kjjj
∑x x ∑hx

∑x y ∑hy
y
{zzz =

i
kjjj
Dx2 Dx3

Dy2 Dy3

y
{zzz, 8dx, dy< = J 8dx, dh<

eigenvalues : l2 ª Dx2
2 + Dy2

2, l23 ª Dx2 Dx3 + Dy2 Dy3, l3 ª Dx3
2 + Dy3

2

Kmn
j =

1
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
Dx2 Dy3 - Dx3 Dy2

 

i

k
jjjjjjjj
l2 + l3 - 2 l23 l23 - l3 l23 - l2

l23 - l3 l3 -l23

l23 - l2 -l23 l2

y

{
zzzzzzzz

 

ü Quad Element

shape functions : N1 = Hh - 1L Hx - 1L, N2 = x H1 - hL, N3 = h H1 - xL, N4 = x h

x”÷ = x”÷ 1 + Hx”÷ 2 - x”÷ 1L x + Hx”÷ 3 - x”÷ 1L h + Hx”÷ 1 - x”÷ 2 - x”÷ 3 + x”÷ 4L x h
Dx2 ª x2 - x1, Dy2 ª y2 - y1, Dx3 ª x3 - x1, Dy3 ª y3 - y1, Dxa ª x1 - x2 - x3 + x4, Dya ª y1 - y2 - y3 + y4

Jacobian : J =
i
kjjj
∑x x ∑hx

∑x y ∑hy
y
{zzz =

i
kjjj
Dx2 + hDxa Dx3 + x Dxa

Dy2 + hDya Dy3 + x Dya

y
{zzz

eigenvalues : l2 ª Dx2
2 + Dy2

2, l23 ª Dx2 Dx3 + Dy2 Dy3, l3 ª Dx3
2 + Dy3

2

Kmn
j = x

 

ü Program

Calculate the x, y coordinates of the nodes :
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a = b = 2.0; nx = 7; ny = 5;
nodes = Chop@Flatten@Table@8x, y<, 8y, -b ê 2, b ê 2, b ê Hny - 1L<, 8x, -a ê 2, a ê 2, a ê Hnx - 1L<D, 1DD

88-1., -1.<, 8-0.666667, -1.<, 8-0.333333, -1.<, 80, -1.<, 80.333333, -1.<, 80.666667, -1.<, 81., -1.<,
8-1., -0.5<, 8-0.666667, -0.5<, 8-0.333333, -0.5<, 80, -0.5<, 80.333333, -0.5<, 80.666667, -0.5<,
81., -0.5<, 8-1., 0<, 8-0.666667, 0<, 8-0.333333, 0<, 80, 0<, 80.333333, 0<, 80.666667, 0<, 81., 0<,
8-1., 0.5<, 8-0.666667, 0.5<, 8-0.333333, 0.5<, 80, 0.5<, 80.333333, 0.5<, 80.666667, 0.5<, 81., 0.5<,
8-1., 1.<, 8-0.666667, 1.<, 8-0.333333, 1.<, 80, 1.<, 80.333333, 1.<, 80.666667, 1.<, 81., 1.<<

Calculate the indices of nodes of the triangle elements :

elements = Flatten@Table@88i, i + 1, i + nx<, 8i + 1, i + nx + 1, i + nx<< + Hj - 1L nx, 8j, 1, ny - 1<, 8i, 1, nx - 1<D, 2D

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<,
87, 14, 13<, 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<, 813, 14, 20<, 814, 21, 20<, 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<, 820, 27, 26<, 820, 21, 27<, 821, 28, 27<, 822, 23, 29<, 823, 30, 29<, 823, 24, 30<,
824, 31, 30<, 824, 25, 31<, 825, 32, 31<, 825, 26, 32<, 826, 33, 32<, 826, 27, 33<, 827, 34, 33<, 827, 28, 34<, 828, 35, 34<<

Here is a picture to visualize the triangle elements :

jmax = Length@elementsD; $DefaultFont = 8"Times-Roman", 9<;
PlotColor@hue_D := Hue@2 H1 - Min@1, Max@0, hueDDL 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 88-1, 1< a ê 2, 8-1, 1< b ê 2<D;
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Calculate the local stiffness matrices :
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my calculations Hdoes this agree with Roy?L : l2 = Dx2
2 + Dy2

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

2, la = Dx3
2 - Dy2

2

Klocal =
1

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
Dx2 Dy3 - Dx3 Dy2

 

i

k

jjjjjjjjjj
HDx2 -Dy2L2 + HDx3 - Dy3L2 Dx2 Dy2 -Dy2

2 + Dx3 Dy3 - Dy3
2 -Dx2

2 -Dx3
2 + Dx2 Dy2 + Dx3 Dy3

Dx2 Dy2 - Dy2
2 + Dx3 Dy3 -Dy3

2 Dy2
2 + Dy3

2 -Dx2 Dy2 - Dx3 Dy3

-Dx2
2 -Dx3

2 + Dx2 Dy2 +Dx3 Dy3 -Dx2 Dy2 - Dx3 Dy3 Dx2
2 + Dx3

2

y

{

zzzzzzzzzz

=
1

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
Dx2 Dy3 - Dx3 Dy2

 

i

k
jjjjjjjj
l2 + l3 - 2 l23 l23 - l3 + la l23 - l2 - la

l23 - l3 + la l3 - la -l23

l23 - l2 - la -l23 l2 + la

y

{
zzzzzzzz

Klocal =
MapAModuleA8<, Do@8Dxi, Dyi< = 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; ChopA
1
ÄÄÄÄÄÄ
d
 
i

k

jjjjjjj

l2 + l3 - 2 l23 l23 - l3 l23 - l2

l23 - l3 l3 -l23

l23 - l2 -l23 l2

y

{

zzzzzzzEE &, elementsE;

Map@
MatrixForm,
KlocalD

:
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,

i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,

i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,

i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
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i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,

i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,

i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,

i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,

i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz,
i

k
jjjjjjjj

2.16667 -1.5 -0.666667

-1.5 1.5 0

-0.666667 0 0.666667

y

{
zzzzzzzz,
i

k
jjjjjjjj

0.666667 -0.666667 0

-0.666667 2.16667 -1.5

0 -1.5 1.5

y

{
zzzzzzzz>

Assemble global stiffness matrix :
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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

i

k

jjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjj

2.16667 -1.5 0 0 0 0 0 -0.666667 0 0 0

-1.5 4.33333 -1.5 0 0 0 0 0 -1.33333 0 0

0 -1.5 4.33333 -1.5 0 0 0 0 0 -1.33333 0

0 0 -1.5 4.33333 -1.5 0 0 0 0 0 -1.33333

0 0 0 -1.5 4.33333 -1.5 0 0 0 0 0

0 0 0 0 -1.5 4.33333 -1.5 0 0 0 0

0 0 0 0 0 -1.5 2.16667 0 0 0 0

-0.666667 0 0 0 0 0 0 4.33333 -3. 0 0

0 -1.33333 0 0 0 0 0 -3. 8.66667 -3. 0

0 0 -1.33333 0 0 0 0 0 -3. 8.66667 -3.

0 0 0 -1.33333 0 0 0 0 0 -3. 8.66667

0 0 0 0 -1.33333 0 0 0 0 0 -3.

0 0 0 0 0 -1.33333 0 0 0 0 0

0 0 0 0 0 0 -0.666667 0 0 0 0

0 0 0 0 0 0 0 -0.666667 0 0 0

0 0 0 0 0 0 0 0 -1.33333 0 0

0 0 0 0 0 0 0 0 0 -1.33333 0

0 0 0 0 0 0 0 0 0 0 -1.33333

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0
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ü Honey Comb

nx = 50; ny = Round@2 nx Tan@p ê 6DD; dx = 1.0 ê Hnx - 2L;
nodes = Flatten@Table@Table@8Min@1, Max@-1, xDD, dx Hj - 0.5 Hny + 1LL êTan@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; PlotColor@hue_D := Hue@2 H1 - Min@1, Max@0, hueDDL ê 3D;

$DefaultFont = 8"Times-Roman", 9<;
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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Klocal =
MapAModuleA8<, Do@8Dxi, Dyi< = 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; ChopA
1
ÄÄÄÄÄÄ
d
 
i

k

jjjjjjj

l2 + l3 - 2 l23 l23 - l3 l23 - l2

l23 - l3 l3 -l23

l23 - l2 -l23 l2

y

{

zzzzzzzEE &, 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@0, 8nxy<D; Map@Module@8<, Do@8Dxi, Dyi< = nodesP#PiTT- nodesP#P1TT, 8i, 2, 3<D;

Do@QP#PnTT += HDx2  Dy3 - Dx3  Dy2L ê6, 8n, 1, 3<DD &, elementsD;
ymax = Max@Map@#P2T &, nodesDD;
Do@8x, y< = nodesPiT;

If@Abs@xD ä 1 »» Abs@yD ä ymax, 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;
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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H* Interpolated plot, runtime: 2.3 minutes *L
Interpolate@x_, y_D :=

Module@8j = 1, x = 2, h = 0<, While@! H0 £ x £ 1 && 0 £ h £ 1 && x + h £ 1L, element = elementsPjT;
8x1, y1< = nodesPelementP1TT; Do@8Dxi, Dyi< = nodesPelementPiTT - 8x1, y1<, 8i, 2, 3<D; d = Dx2  Dy3 - Dx3  Dy2;

8x, h< = HHx - x1L 8Dy3, -Dy2< + Hy - y1L 8-Dx3, Dx2<L êd; j++D; qPelementT.81 - x - h, x, h<D;
ymax = 0.5 dx Hny - 1L êTan@p ê 6D;
DensityPlot@Interpolate@x, yD, 8x, -1, 1<, 8y, -ymax, 0.999 ymax<,

PlotPoints Æ 275, Mesh Æ False, Frame Æ False, ColorFunction Æ PlotColorD;

 

ü Unstructured Grid

nodes =
Transpose@Import@"C:êSchoolêEngineeringêME207 - Computer ModelingêUnstructured Gridêmesh_p.txt", "Table"DD;

elements = Transpose@Round@Delete@
Import@"C:êSchoolêEngineeringêME207 - Computer ModelingêUnstructured Gridêmesh_t.txt", "Table"D, 4DDD;

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< = 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;

ChopA
1
ÄÄÄÄÄÄ
d
 
i

k

jjjjjjj

l2 + l3 - 2 l23 l23 - l3 l23 - l2

l23 - l3 l3 -l23

l23 - l2 -l23 l2

y

{

zzzzzzzEE &, 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;
Do@8x, y< = nodesPiT; If@x ä x1 »» x ä x2 »» y ä y1 »» y ä y2, KglobalPiT = Table@If@j ä i, 1, 0D, 8j, 1, nxy<D; QPiT = 0D,
8i, 1, nxy<D; q = Chop@LinearSolve@Kglobal, QDD;
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H* 17 minutes *L
Interpolate@x_, y_D :=

Module@8j = 1, x = 2, h = 0, x1, y1<, While@! H0 £ x £ 1 && 0 £ h £ 1 && x + h £ 1L, element = elementsPjT;
8x1, y1< = nodesPelementP1TT; Do@8Dxi, Dyi< = nodesPelementPiTT - 8x1, y1<, 8i, 2, 3<D; d = Dx2  Dy3 - Dx3  Dy2;

8x, h< = HHx - x1L 8Dy3, -Dy2< + Hy - y1L 8-Dx3, Dx2<L êd; j++D; qPelementT.81 - x - h, x, h<D;
DensityPlot@Interpolate@x, yD, 8x, x1, x2<, 8y, y1, y2<, PlotPoints Æ 275, AspectRatio Æ Automatic,

Mesh Æ False, Frame Æ False, ColorFunction Æ HHue@2 H1 - #L ê 3D &L,
Epilog Æ Table@8Line@Map@nodesP#T &, elementsPjTDD<, 8j, 1, jmax<DD;
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n = 275; image = Table@0, 8n<, 8n<D;
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;
Do@element = elementsPjT; plist = nodesPelementT; xlist = Map@#P1T &, plistD; ylist = Map@#P2T &, plistD;

xIntersect@88x1_, y1_<, 8x2_, y2_<<D := x1 + If@y1 ä y2, 0, Hy - y1L Hx2 - x1L ê Hy2 - y1LD;
Do@y = y1 + Hy2 - y1L Hi - 1L ê Hn - 1L; jlist =

Floor@n HSelect@Map@xIntersect, Partition@plist, 2, 1, 1DD, HMin@xlistD £ # £ Max@xlistDL &D- x1L ê Hx2 - x1LD + 1;
If@jlist =!= 8<, Do@x = x1 + Hx2 - x1L Hjj - 1L ê Hn - 1L;

imagePMax@1, Min@n, iDD, Max@1, Min@n, jjDDT = Interpolate@x, yD, 8jj, Min@jlistD, Max@jlistD<DD,
8i, Floor@n HMin@ylistD- y1L ê Hy2 - y1LD+ 1, Floor@n HMax@ylistD - y1L ê Hy2 - y1LD+ 1<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,
Epilog Æ Table@8Line@Map@n HnodesP#T + 1L ê 2 &, elementsPjTDD<, 8j, 1, jmax<DD;
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