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EXAMEN

Détermination de la distribution de temperature 7'(x, y) a travers une plaque de largeur L, de hauteur
H et d'éapisseur e et de conductivité thermique k soumise aux (C.L.) suivantes.

d (. d d (. d -
N (kdx T(x,y)) oy (kdy T(x,y>) ~0

Conditions aux limites (C.L):

V¥ Solution
| > Restart : Digits = 4 :
>L:=0.3;H:=04;e:=0.01; A := 1000; & := 0.1; o = 0.1;

L=03
H=04
e:=0.01

A :==1000




& :=0.1
L o =0.1
> ndx = L ; ndy == E;Se = Y-e; Ss == &-e
o o
ndx = 3.000
ndy :=4.000
Se :=0.001
L Ss:=0.001
> i . = round(ndx); j_ = round(ndy);
imax = 3
L jmax = 4
Nombre d'équations:
> Ne := imax'jmax
L Ne =12
Abscisses des noeuds:
> x[0] == 0;
for i from 1 to Lax do
&
x[i] = > +(i—1)-0x;
end do;
x[ N 1] =L
Xy :=0
x, :=0.05000
x, :=0.1500
Xy = 0.2500
i Xy = 0.3
Ordonnées des noeuds:
> y[0] := 0;
forjfrom1to j do
=L (= 1)8:
end do;
y[Jmax+ 1] = H,
V=0
¥, = 0.05000
¥, :=0.1500
¥,:=0.2500
v, =0.3500
i Vs = 04
Conditions aux Limites:
> T0 == 100; g := 500000; g0 = 0
70 :=100
q :=500000
u q0:=0
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Noeuds internes:
> forjfrom2to j —1do

for i from 2 to [ax™ 1 do

Spli,j]=0;
Suli,j] = 0;

o ASe
aW[l:]] T 6)( s
agli,jl = ayli,jl;

o A-Ss
adli,j] = ;
sl ]] 5

ayli,jl = agli,jl;

ap[iaj] = aW[la,]] + aE[la,]] + aS[la,]] + aN[la,]] - Sp[laj]a

end do;

| end do;

Noeuds gauches:

> forjfrom2to j . —1do

Spll,j]1=0;
Sull,j]:= q-Se;
ayll,j]=0;
A-Se
L,jl= ;
agll,/] 5
A-Ss
agl1,j] = ;
> o

LZN[ 1,j]= as[ Ljl

ap[1,j1 = ap[1,j1+ ag[l,j]1+ ag[1,j]1+ ay[1,j1—=35Sp[1,/];

end do;
Spl, ,=0
Sul, ,:=3500.0
an,z B
aE1 ) :=10.00
ag ) =10.00
aNl,Z =10.00
aPL ) =30.00
Sply 3:=0
S”l, 5 :=500.0
aW1,3 B
aE1 X =10.00
ag 5 =10.00
ay X =10.00
ap :=30.00

_Noeuds droits:
> forjfrom2to j —1do

(1.8)



Sp[imax’j] = 0;

Su[ imax,j] = 0;
. o ASe
aW[lmaX,]] = S 5
ap|imax S| = 0;
, L ASs
aS[lmaX’]] '_ @} >
aN[imaX’j] = aS[imax’j];
aP[imaX’j] = aW[ imax’j] + aE[imaX’j] + aS[imaX’j] + aN[imax’j] _Sp[imax’j];
end do;
Sp3,2 =0
Su3,2 =0
an ) :=10.00
aE3 ) =0
aS3,2 :=10.00
aN3, ) :=10.00
aP3 ) :=30.00
Sp3,3 0
Su3,3 =0
ay ; :=10.00
=0
B 3
as 3'= 10.00
aN3 =10.00
=30.00
L Py 5
Noeuds bas:
> forifrom2to i —1do
Spli, 1] =0
Suli,1]:=0;
A-Se
agli, 1]:= ;
v S
agli, 1] = apli, 1];
agli, 1] :=0;
A-S.
ayli, 1] = ===
o
apli, 1] = ap[i, 11+ ag[i, 1]+ ag[i, 1]+ ayli, 1] —=358p[i, 1];
end do;
sz, =0
Suz, =0
an | :=10.00

ag,  =10.00
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aS2, = 0
ay, =10.00
:=30.00 11
P, (1.10)

_Noeuds hauts:
> for i from 2 to lax — 1 do

o 2- \-Se
SP [t Jax ] =~ 5 ;
. 2-A-S
Sull ) = s 10
A-Se

Ay [t Jimax | = ﬁx;

aE[i’jmax] = aW[i’jmaX];

. _ ASs

aS[l’]max] = @/ ?

aN[i’jmax] = 0;

aP[i’jmax] = aW[i’jmax] + aE[i’jmax] + aS[i’jmax] + aN[i’jmax] _Sp[i’jmax];

end do;
Sp2’4 = -20.00
Su2,4 :=2000.
aW2’4 =10.00
aE2 A =10.00
aS2’4 =10.00
aN2 A =0
aP2 4:= 50.00 (1.11)
[ Noeud (1,1):
> Spll, 1]:=0;
Sul[l,1]:=q-Ss;
ayll,1]:=0;
A-Se
ag[l,1]:= ;
E 8¢
ag[1,1] = 0;
A-S.
ayl1,1]:= ==
o
ap[1, 1]1:= ap[1, 11+ ag[1, 1]+ a1, 1]+ ay[1,1]—38p[1,1];
Spl, =0
Sul, = 500.0
an,l B
aEl’ | =10.00
asl X =0
aNl =10.00

(1.12)




=20.00 (1.12)

| aPl, |
[ Noeud (imax, 1):
> S g 1] 7= 0;
St iy 1] 7= 0;
, A-Se
aW[ Imaxe 1] = S¢ ,
aE[ imax’ 1] = 0;
aS[ imax’ 1] = 0;
) A-Ss
aN[ "maxe 1] = 5_)/ ,
aP[ imax’ 1] = aW[ imax’ 1] + aE[ imax’ 1] + aS[ imax’ 1] + aN[ imax’ 1] _Sp[ imax’ 1];
Sp3y =0
Suz =0
ay, | +=10.00
aE3, ' =0
“S31
ay, | =100
] ap, =200 (1.13)
Noeud (1,jmax):
) 2- A-Se
>8P L Jmax | = 5
20 \-Se 10 + q-Ss;

Ul jax] =

aW[l’jmax] = 0;
] A-Se
aE[l’]max] = &¢ 5
) A-Ss
aS[l’]maX] = 5)/ ,

aN[l’jmax] = 0;
= aW[l’jmax] + aE[l’jmaX] + aS[l’jmax] + aN[l’jmax] _Sp[l’jmax];

aP[l’jmax] T
Spl, 4= -20.00
Sul 4= 2500.
aW1,4 N
aE1 =10.00
aS1,4 =10.00
aNl, A =0
aPL . :=40.00 (1.14)

[ Noeud (imax,jmax):
. 2-\-Se
> Sp[lmax’]max] = S )




Su[imax’jmax] = S¢ 10,
o _ ASe
aW[lmax’jmax] = Sc >
aE[imax’jmax] = 0;
, ) A-Ss
aS[lmax’]max] = 6)/ ’
aN[imax’jmax] = O;

aP[ imax’ jmax] = a W[ imax’ jmax] + aE[ imax’ jmax] + aS[ imax’ jmax] + aN[ imax’ jmax]

- Sp[imax’jmax];
Sps, 4= ~20.00
Suy 4= 2000.
an e 10.00
aE3 Ra 0
aS3’4 :=10.00
aN3 Ra 0
aPS, e 40.00 (1.15)
\ 4 Equations:
>k=1
k=1 (1.1.1)

Résolution pour les noeuds internes:
> forjfrom 1 to j .. do

for i from 1 to Lax do
Eqlk] = ap[ i,j]-T[L,j]=ay[ i,j1- Tli—1,j]+agl i,j1- T+ 1,j] +agl i,
JITH, =11 +ayl 4,71 T, ]+ 1]+ Sul i,/];
k=k+1;

end do;
end do;

[ Ecriture du systéme d'équations:
> for k from 1 to Ne do Eg[k ] end do;
20.00 7; ;=500.0 +10.00 7, ; +10.00 7} ,

30.00 7, | =10.00 7, , +10.00 7y  +10.00 7, ,
20.00 T, | =10.00 7, | +10.00 T ,
30.00 7, ,=500.0 +10.00 7, , +10.00 7, , +10.00 7 ,
40.00 T, ,=10.00 T, , +10.00 T , +10.00 T, | + 10.00 T,
30.00 7, ,=10.007, , +10.00 T, | +10.007; ;
30.00 7, ;=500.0 +10.00 7, 4 +10.00 T, , +10.00 7, ,
40.00 7, ; =10.00 T, 5 +10.00 7 5 +10.00 7, , +10.00 7, ,
30.00 7y ;=10.00 7, 5 +10.00 Ty , +10.00 7y,
40.00 T, ,=2500. +10.00 T, , + 10.00 T;
50.00 T, ,=10.00 7, , +10.00 T , + 10.00 T, , + 2000,
40.00 Ty ,=10.00 T, , +2000. + 10.00 T, (1.1.2)




= 124.0}

Forme matricielle:

A, b=

> b[8]

Tmps = [Tl, B

> Egs == {seq(Eql[k],k=1.Ne)};
Eqs = {20.00 Tl, 1 =500.0 +10.00 Tz, ; +10.00 Tl, 5 30.00 Tl’ ,=500.0 + 10.00 Tz, ,(1.1.3)

+10.00 7, , +10.00 T, 5,30.00 7, ;=500.0 +10.00 7, 5+ 10.00 T, ,
+10.00 7, , 40.00 T, ,=2500. +10.00 T, , +10.00 7, ,30.00 7, ,
=10.00 7, | +10.00 7, , +10.00 T, »,40.00 7, , =10.00 T, , +10.00 T; ,
+10.00 7, | +10.00 7, 5,40.00 7, ;=10.00 7, ; +10.00 7, ; +10.00 7, ,
+10.00 7, ,, 50.00 T, ,=10.00 7, , +10.00 Ty , + 10.00 T, ; +2000.,
2000 T, | =10.00 T, | +10.00 T 5, 30.00 T, ,=10.00 T, , + 10.00 Ty ,
+10.00 T, 5, 30.00 Ty ;=10.00 7, 5 +10.00 Ty , +10.00 7 ,,40.00 T ,
| =10.00 7, , +2000. + 10.00 T, 5} ’
[ > SolT = solve(Eqs);
SolT == [T, | =260.0, T, ,=242.3, T, ;=205.6, T, ,= 1463, T, | =2278, T, ,
=2112,T, = 1782, T, ,=129.7, T, | =212.2, T, , = 196.5, T, , = 166.2, T; ,

=> Tmps = [seq(lhs(SolTl.), i=1.Ne )],

T,

1,2 T

;> with(LinearAlgebra) :

> A, b := GenerateMatrix(Eqs, Tmps)

12 x 12 Matrix
Data Type: anything

Storage: rectangular

1,3 T1,4’ Tz, e Tz, 2

75,3’15,4’13,1’]%,2’]%,$

1.. 12 Vector

column
Data Type: anything

Storage: rectangular

Order: Fortran_order

2000.

Order: Fortran_order

(1.1.4)

(1.1.5)

(1.1.6)

(1.1.7)



