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EXAMEN

Détermination de la distribution de temperature T (X, y) a travers une plague de
largeur L, de hauteur H, d'éapisseur e et de conductivité thermique k soumise aux (C.
L.) soit de Dirichler soit de Neumann..

T, oubien q(0,y)=q,,,
T(L y) =T, oubien q(Ly)=q,,

T, oubien q(x, 0)=q,,

T, oubien q(x, H) =gq,,



| > Restart: Digits :== 4 :

| Données:
> L:=1.0; H:=0.4; e:= 0.001; k:= 1000; éx := 0.2; 6y := 0.1;

L:=1.0

H:=04

e := 0.001

k:= 1000

ox = 0.2

oy = 0.1 (1.1)

| Calcul du nombre de divisions:

> ndx:= trunc(é) ; ndy — trunC(HJ;
X

oy
ndx:= 5
i ndy = 4 (1.2)
| Calcul des surfaces:
> Aw = Jy-¢
Ae = dy-¢
AS = 0X-¢
An = oX-¢
Aw = 0.0001
Ae = 0.0001
As = 0.0002
_ An = 0.0002 (1.3)
> iy = round(ndx); j.. = round(ndy);
e = 5
| Jmax = 4 (1.4)
Nombre d'équations:
> Ne:= imax' jmax
Ne = 20 (1.5)

_Conditions aux Limites:

> TW:: IOO:Te:: IOO:TS::O:TH::O:

> g,=0:q,=0:q,;=610":q, =610

_Noeuds internes:
> forjfrom?2to j . —1do

forifrom?2 to [ —1do

Suli, j] = 0;
ayli, j) = K2,
WLH 5X )
. k-Ae
aE[L.]] = ]

X




adi jl = Ty

. k-An
aN[l’ J] = 5)/ )

.. k-A k-A k-A k-A
apli, Jl= o 5xe + 6yS+ 6y”;

Spli jl = ayli jl+ agli, jI+ ad i j1+ ayli jl - apli j];
end do:
end do:

[ Noeuds Ouest:
> forjfrom2to j . —1do

X

ayl1, jl:=0;

. k-Ae
ag[ 1, j] = ;
L1, ] e

. k-As
adl, jl = —;
o1, J] 5

. k-An
a 1’ = ;
N1, J] 5
a1, j] = 2- k-Aw n k-Ae n k-As n k~An;

oX oX oy oy

k-Ae n k-As n k-An

if T =0thena,[l, j] =
W pll. ] &x Sy Sy

end if;

Sp[laj] = aW[lsj] + aE[lij] + aS[laj] + aN[lij] _ap[lsj];

| enddo:
Noeuds Est:
> forjfrom2to j . —1do
. . 2- k-Ae
Su[lmax, j] = (q,Ae+ —6x -T,;
Oyl 1] = <1
W a’ 6}{ L]
aE[imaX’ J] = 0;
i J] = 2
S ax’ 6y ]
Nl J] = 3
N ax’ 6)/ ]
. . kAw  2-k Ae k-As = k-An
ap| Iy J] = + + e

OX oX oy oy




_ kAw

if T,= 0 then ap[ .., J] = + k-As + k-An

oX oy oy

end if;

Sp[imax’ J] = aW[ imax’ J] + aE[imax’ J] + aS[imaX’ J] + aN[imax’ J] - aP[imaX’ J]’

end do:
=Noeuds Sud:
> forifrom2to i —1do
. 2- k-As
Suli, 1]:=qsAs + 5 T
. k-Aw
ayll, 1] = ———;
wlh 1] e
. k-Ae
aii1]:= ;
plh 1] oX
agdi, 1]:=0;
. k-An
avli 1] := ;
NG 1] 5
ali 1] = k-Aw n k-Ae n 2- k-As n k-An;
oX oX oy oy
if T,=0thenapi 1] = k-Aw + k-Ae + k-An end if

oX oX oy
Spli, 1] = ayli 1]+ agi 1]+ adi 1]+ ay[i 1] - ap[i 1];

end do:

_Noeuds Nord:
> forifrom2to i, —1do

2- k-An.

Su[i, jmax] = q,,An+ 5 T,;
.. k- Aw,
aW[ ll Jmax] T 5x ’
.. _ k-Ae,
aE[l’ Jmax] T Sx ’
. _ k:As.
aS[ L, Jmax] '_ 5)/ ’
aN[ i’ jmax] = O;
.. k-A k-A k-A 2-k-A
Apl iy o] = o+ EE 4 BES LY

OX OX oy oy

k- Aw n k-Ae n k-As

if T, = 0 then ap[ i j,.] = 5 5 5 end if;




Sp[ i’ jmax] = aW[ i’ jmax] + aE[ i’ Jmax] + aS[ i’ jmax] + aN[i’ jmax] - aP[ i’ jmax];
end do:

=Noeud (1,1):
> Su[l,1]:=Su[l, 2]+ Su[2,1]:
ayl1,1]:=0:
k-Ae
a-[1,1]:= :
pl1, 1] ™
agl,1]:=0:
k-An
avll, 1] := :
N1, 1] 5
if (7, - 0and ;= 0) then a,{1, 1) = ¥2¢ + X endif
y
if (T, =0and T, # 0) then (1, 1] .= KA¢ | 2:KAS | KA o5
X oy oy
if (T, # 0and T,= 0) then a,[1, 1] = 2 KAW , kAe | kAN o) 45
oX oX oy
if (T, + 0and T, # 0) then ay[1, 1] — 2-KAW , kde | 2 kAs | kAn
OX oX oy oy
end if:
| SplL, 1] = ayl1, 1]+ a1, 1]+ ad1, 1]+ ayl1, 1] - ap[1, 1]:
Noeud (imax,1):
> SU[fpas 1] = SU[ [0 2]+ Sul2, 1]:
e 1] = 5"
W ax’ 6X -
aE[?maX, 1] =0:
aS[lmaX, 1] =0:
. k-An
aN[ImaX’ 1] = 5)/ :
if (T,= 0 and T,= 0) then a| i, ,,, 1] — k';W + k'(;“” end if
)4
. . k-Aw  2-k-As . k-An .
if (T, =0and T,+ 0) then a , 1] := + + end if:
( e S ) P[ lmax ] % 5)/ 5y
. . k-Aw = 2-k-Ae k-An .
if (T, 0and T.= 0) then a , 1] := + + end if:
( e S ) P[ lmax ] X % 6)/
. . k-Aw = 2-k-Ae  2-kAs . k-An
if (T, #0and T, + 0) then a , 1] := + + +
( e S ) P[ lmax ] 5X 8X 6y 6)/

end if:

Sp[ ilnax’ 1] = aW[ ilnax’ 1] + aE[ imax’ 1] + aS[ ilnax’ 1] + aN[ imax’ 1] - aP[ imax’




1]:
Noeud (1,jmax):
> Sull, Jpax] = Sull, 21+ Su[2, jpna]:

Ayl 1, Jipax| =0

. k-Ae
aE[l’ Jmax] = Sx .
k-As
aS[ 1’ JmaX] = 6)/
aN[l,jmaX] = 0:
if (T, = 0 and T, = 0) then a1, j,..] — k';‘e + k'SAS end if
X )4
i . k-Ae = k-As 2-k-An .
if (T,=0and T, # 0) then ap| 1, j,. | = ™ + 5 + 5 end if:
. . 2- kAw  k-Ae . k-As .
if (T,,# O0and T,,=0) then ap| 1, j,..] = S + 5 + 5 end if:
i . 2- kAw | k-Ae  k-As
1f(TW #0and T, + 0) then ap[l,JmaX] = ™ + ™ + 5
4 2 KA it
oy

Sp[l’ jmax] = aW[l’ Jmax] + aE[l’ Jmax] + (15[1, jmax] + aN[l’ jmax] - aP[l’ Jmax] :

[ Noeud (imax,jmax):

> Su[imax’jmax] = SLI[ imax’ 2] + SH[Z, jmax] .
. . _ kAw .
aW[ Imax Jmax] '_ Sx '

aE[ imax’ Jmax] =0:

i ] =
S| 'max? Ymax 5)/ .
aN[imax’ jmax] = 0
if (T,= 0and T, = 0) then ay| iy, Joas] = k'g‘w + k'SAS end if
X )4
. . . k-Aw Kk As . 2-k-An .
if (T,=0and T, # 0) then ap| i, .., jmax] = e + 5 + 5 end if:
. ) ) kAw  2-k-Ae k-As .
if (T,#0and T, = 0) then ap|i ... jimax] = e + e + 5 end if:
. . . k-Aw  2-k-Ae . k-As
if(T,0and T, + 0) then a ) = + +
( e n ) P[ Imax Jmax] SX Sx 5)/
4 2 KAR haif
oy

Sp[ imax’ jmax] = aW[ imax’ jmax] + aE[ imax’ Jmax] + aS[ imax’ jmax] + aN[imaX’ jmax]




|_ N aP[ imax’ jmax] .

\ 4 Equations:

> k:==1:

Résolution pour les noeuds internes:
> forjfrom1to j ., do

forifrom1to i, do
EqLK] = apli j1-T1i jl = ayli j1- Tli— 1, jl + agli, j1- Tli+ 1, j1 + ad i j]
TG j—11+ ayli, j1-TTG j+ 11+ Suli, ji;
Var[k] := TT1i, j};
k:==k+1;
end do;
end do;

[ Ecriture du systeme d'équations:
> for kfrom 1 to Nedo Eq[ k] end do;
3.500 T ; =2.000 T; ,+0.5000 T, | +220.0

3.000 1, 4y = 2.000 1, , +0.5000 7; ; +0.5000 75 ; +120.0
3.000 73 | = 2.000 73 , + 0.5000 T, ; +0.5000 7, ; +120.0
3.000 7, , =2.000 7, , +0.5000 T3 | + 0.5000 75 ; +120.0
3.500 T5 | = 2.000 T5 , +0.5000 T, ; +220.0
5.500 1T, ,=2.000T; | +2.000 T} 5+ 0.5000 T, , +100.0
5.000 1, , =2.000 T, | +2.000 T, 5+ 0.5000 T; , +0.5000 15 ,
5.000 1; , = 2.000 T3 | +2.000 T3 5+ 0.5000 T, , +0.5000 T ,
5.000 T, , = 2.000 T, ; +2.000 T, 5 +0.5000 T3 , + 0.5000 T5 ,
5.500 T5 , = 2.000 T; ; +2.000 T; 5 +0.5000 T, , +100.0
5.500T; 3=2.000T, ,+2.000T; ,+0.50007T, 3+100.0
5.000 17, 3 =2.000 T, , + 2.000 T, , + 0.5000 T; 5+ 0.5000 13 5
5.000 13 3 =2.000 T3 , + 2.000 T3 4, + 0.5000 T, 5+ 0.5000 T} 5
5.000 7, 3 =2.000 T, , +2.000 T, , + 0.5000 T3 5+ 0.5000 15 5
5.500 T3 5= 2.000 T; , +2.000 T; , +0.5000 T, 5 +100.0
3.500 T ,=2.000T; ;+0.5000 T, , +220.0
3.000 T, , =2.000 T, 54+ 0.5000 T; ,+0.5000 15 , +120.0
3.000 13 , = 2.000 13 3 +0.5000 7, , +0.5000 7, 4, +120.0
3.000 17, , = 2.000 7, 3 +0.5000 13 4, +0.5000 15 , +120.0
i 3.500 15 , = 2.000 15 5 +0.5000 T, , +220.0 (1.1.2)
Systéme d'équations:
| > Eqgs = [seq(Eq[k], k=1..Ne)]:
Variables:
| > Vars = [seq(Var[k], k=1..Ne)]:
Résolution du systeme d'équations pour les variables:
> SolT := solve(Egs, Vars);

1 1 2\



Ab

SolT:=[[T, | =262.2, T, | =444.7, T, ; =504.9, T, ; =444.7, T, ,

=262.2, T, ,=237.8, T, ,=415.3, T, , =475.1, T, , = 4153, I ,
=237.8, T, ;=237.8, T, ; =415.3, T, 5 =475.1, T, ; =4153, T ,
=237.8, T, ,=262.2, T, , =444.7, T, , = 504.9, T, , =444.7, T, ,

= 262.2]]

| > with(LinearAlgebra) :
Forme matricielle:
> A, b:= GenerateMatrix(Eqs, Vars)

3.500  —0.5000
~0.5000  3.000
0 ~0.5000
0 0
0 0

_ | —2.000 0
0
0 0
0 0
0 0
[ 220.0 |
120.0
120.0
120.0
220.0
100.0
0
0
0
100.0

20 element Vector[column]

—2.000

=Affichage du second membre:
> seq(b[i], i=1..Ne)
220.0, 120.0, 120.0, 120.0, 220.0, 100.0, 0, 0, 0, 100.0, 100.0, 0, 0, 0,

0
—0.5000
3.000
—0.5000
0
0
0
—2.000
0
0

0

0
—0.5000

3.000

—0.5000

0

0

0
—2.000

0

0
0
0
—0.5000
3.500
0

0
0
0

—2.000

—2.000
0
0
0
0
5.500
—0.5000
0

0
0

(1.1.2)

0
—2.000
0
0
0
—0.5000
5.000
—0.5000
0
0

(1.1.4)

—0.5¢
5.0(
—0.5¢



| 100.0, 220.0, 120.0, 120.0, 120.0, 220.0

Affichage de la diagonale:

> seq(A[l i], i=1..Ne)

3.500, 3.000, 3.000, 3.000, 3.500, 5.500, 5.000, 5.000, 5.000, 5.500, (1.1.5)
L 5.500, 5.000, 5.000, 5.000, 5.500, 3.500, 3.000, 3.000, 3.000, 3.500
| Récapitulation: Affichage de tous les coefficients:

> seq(seq(ayli jl, i=1.1,.),J=1.Jpax)

0, 0.5000, 0.5000, 0.5000, 0.5000, 0, 0.5000, 0.5000, 0.5000, 0.5000, 0, (1.1.6)
L 0.5000, 0.5000, 0.5000, 0.5000, 0, 0.5000, 0.5000, 0.5000, 0.5000

> seq(seq(agli jl, i=1.i,.),J=1.Jnax)

0.5000, 0.5000, 0.5000, 0.5000, 0, 0.5000, 0.5000, 0.5000, 0.5000, 0, (1.1.7)
. 0.5000, 0.5000, 0.5000, 0.5000, 0, 0.5000, 0.5000, 0.5000, 0.5000, 0

> seq(seq(agli jl, i=1.0,.),J=1.Jpax)

0, 0, 0, 0, 0, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, (1.1.8)
| 2.000, 2.000, 2.000, 2.000, 2.000, 2.000

> Seq(seq(aN[i, Jli= 1..imax),j= 1. Jmax)

2.000, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, 2.000, (1.1.9)
| 2.000, 2.000, 2.000, 2.000, 2.000, 0,0, 0, 0,0

> Seq(seq(Su[i, Jli= 1..imax),j: 1..jmaX)

220.0, 120.0, 120.0, 120.0, 220.0, 100.0, 0, 0, 0, 100.0, 100.0, 0, 0, 0, (1.1.10)
| 100.0, 220.0, 120.0, 120.0, 120.0, 220.0

> seq(seq(apli jl, i=1.1,),J= 1 Jnax)

3.500, 3.000, 3.000, 3.000, 3.500, 5.500, 5.000, 5.000, 5.000, 5.500, (1.1.11)
| 5.500, 5.000, 5.000, 5.000, 5.500, 3.500, 3.000, 3.000, 3.000, 3.500

> seq(seq(Spli jl, i=1.0,.)sJ= 1 Jnax)

-1.000, 0., 0., 0., —1.000, —1.000, 0., 0., 0., —1.000, —1.000, 0., 0., 0., (1.1.12)

—1.000, —1.000, 0., 0., 0., —1.000

>



