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𝜌 𝑐

𝑉 𝑑𝑡 

 𝑗

𝒋 = 𝒋(𝒙)𝒖𝒙⃗⃗ ⃗⃗ ⃗ 𝒅𝑺⃗⃗⃗ = 𝒅𝑺𝒖𝒙⃗⃗ ⃗⃗ ⃗ 𝒋 = 𝒋(𝒓)𝒖𝒓⃗⃗ ⃗⃗⃗ 𝒅𝑺⃗⃗⃗ = 𝒅𝑺𝒖𝒓⃗⃗ ⃗⃗⃗

 

𝑑𝑉 = 𝑑𝑥𝑑𝑦𝑑𝑧

𝑗 = 𝑗𝑥(𝑥, 𝑦, 𝑧, 𝑡)𝑢𝑥⃗⃗⃗⃗⃗
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𝑑𝑉 𝜌

𝑐)

 

 

𝜆 𝜆𝑚é𝑡𝑎𝑙 ≈

100𝑊𝑚−1. 𝐾−1, 𝜆𝑣𝑒𝑟𝑟𝑒 ≈ 1𝑊𝑚
−1. 𝐾−1 𝜆𝑎𝑖𝑟 = 0,01𝑊𝑚

−1. 𝐾−1

𝒋 = 𝒋(𝒙)𝒖𝒙⃗⃗ ⃗⃗ ⃗ 𝒅𝑺⃗⃗⃗ = 𝒅𝑺𝒖𝒙⃗⃗ ⃗⃗ ⃗ 𝒋 = 𝒋(𝒓)𝒖𝒓⃗⃗ ⃗⃗⃗ 𝒅𝑺⃗⃗⃗ =

𝒅𝑺𝒖𝒓⃗⃗ ⃗⃗⃗
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 𝑗 = 𝑗𝑥(𝑥, 𝑡)𝑢𝑥⃗⃗⃗⃗⃗

𝐿

𝜆 𝜌

 

 

- 

- 

 

𝑡 → −𝑡
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𝛿 

𝑇𝑒 𝑇[𝑥𝑖 , 𝑡𝑗] =

𝑇[𝑖, 𝑗]

𝜕𝑇

𝜕𝑡
≡
𝑇[𝑖, 𝑗 + 1] − 𝑇[𝑖, 𝑗]

𝑇𝑒

𝜆

𝜌𝑐

𝜕2𝑇𝑖

𝜕𝑥𝑖
2 ≡

𝜆

𝜌𝑐

𝑇[𝑖 + 1; 𝑗] + 𝑇[𝑖 − 1, 𝑗] − 2𝑇[𝑖, 𝑗]

𝛿2

𝐾 =
𝜆𝑇𝑒

𝜌𝑐𝛿2

𝑇[𝑖, 𝑗 + 1] = 𝑇[𝑖, 𝑗] ∗ (1 − 2𝐾) + 𝐾(𝑇[𝑖 + 1; 𝑗] + 𝑇[𝑖 − 1, 𝑗])

𝑃𝑠

𝑥 = 0 𝑑𝑉 = 𝑆𝛿 

𝜌𝑐 (
𝜕𝑇

𝜕𝑡
)
𝑥=0

𝑑𝑉 = 𝜆 (
𝜕𝑇

𝜕𝑥
)
𝑥=0

𝑆 + 𝑃𝑠𝑆

𝑇[0, 𝑗 + 1] = 𝑇[0, 𝑗](1 − 𝐾) + 𝐾𝑇[1, 𝑗] +
𝑃𝑠𝑇𝑒
𝜌𝑐𝛿

𝑥 = 𝐿

𝑇[−1, 𝑗 + 1] = 𝑇[−1, 𝑗](1 − 𝐾) + 𝐾𝑇[−2, 𝑗] −
𝑃𝑠𝑇𝑒
𝜌𝑐𝛿

𝑇⃗⃗𝑖[𝑗 + 1] = 𝑀𝑇⃗⃗𝑖[𝑗]

(

 
 
 
 

𝑇𝑖=0(𝑡𝑗+1)

 :
:

𝑇𝑖(𝑡𝑗+1)

 :
𝑇𝐿(𝑡𝑗+1) )

 
 
 
 

=

(

 
 
 
 

1 − 𝐾
𝐾

𝐾
1 − 2𝐾
𝐾

𝐾
1 − 2𝐾
𝐾

𝐾
1 − 2𝐾𝐾

…
𝐾

𝐾
1 − 2𝐾
𝐾

−𝐾
1 − 𝐾)

 
 
 
 

 

(

 
 
 

𝑇𝑖=0(𝑡𝑗)
:
:

𝑇𝑖(𝑡𝑗)
:

𝑇𝐿(𝑡𝑗) )

 
 
 
+

(

 
 
 
 
 
 

𝑃𝑆𝑇𝑒
𝜌𝑐𝛿
0
:
:
0

−
𝑃𝑆𝑇𝑒
𝜌𝑐𝛿)

 
 
 
 
 
 

import numpy as np 

import matplotlib.pyplot as plt 

import matplotlib.colors as colors 

from mpl_toolkits.mplot3d import Axes3D 

 

#constante 

L=1 

duree=10**4 

Te=duree/10**4 

delta=L/10 
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Nt=int(duree/Te)+1 

Nx=int(L/delta)+1 

t=np.linspace(0,duree,Nt) 

x=np.linspace(0,L,Nx) 

rho=10**4 

lamb=400 

c=400 

K=(rho*c*delta**2/(Te*lamb))**-1 

 

#conditions initiales 

Tmin=20 

Tmax=60 

T=np.zeros((Nt,Nx)) 

T[0,:]=-((Tmax-Tmin)/L)*x+Tmax 

 

#matrice  

M=np.zeros((Nx,Nx)) 

M[0,0]=M[-1,-1]=1-K 

M[0,1]=M[-1,-2]=K 

 

for i in range(1,Nx-1): 

    M[i,i]=1-2*K 

    M[i,i-1]=M[i,i+1]=K 

 

for j in range(Nt-1): 

    T[j+1,:]=np.dot(M,T[j,:]) 

 

for i in range(Nx): 

    plt.plot(t,T[:,i]) 

plt.show() 

 

#évolution spatio-remporelle 

tab_x,tab_t=np.meshgrid(x,t) 

fig = plt.figure() 

ax = fig.add_subplot(projection='3d') 

ax.plot_surface(tab_x, tab_t, T, cmap=plt.cm.coolwarm, linewidth=0)  # Tracé d'une 

surface 

plt.title("Tracé d'une surface") 

ax.set_xlabel('distance(m)') 

ax.set_ylabel('temps') 

ax.set_zlabel('T(°C)') 

plt.tight_layout() 

plt.show() 
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𝜕𝑇

𝜕𝑡
= 𝐷

𝜕2𝑇

𝜕𝑥2

𝑇(𝑥, 𝑡) = 𝑔(𝑡)ℎ(𝑥)

𝑔
𝜕ℎ

𝜕𝑡
= 𝐷ℎ

𝜕2𝑔

𝜕𝑥2

ℎ′(𝑡)

ℎ
= 𝐷

𝑔′′(𝑥)

𝑔

ℎ′(𝑡)

ℎ
= 𝐶𝑡𝑒 < 0 = −

1

𝜏

ℎ(𝑡) = ℎ0𝑒
−
𝑡

𝜏

𝑔(𝑥) = 𝐴𝑐𝑜𝑠(𝑘𝑥) + 𝐵𝑠𝑖𝑛(𝑘𝑥)

𝑘 = √
1

𝐷𝜏

𝑇(𝑥, 𝑡) = 𝑔(𝑡)ℎ(𝑥) = 𝑒−
𝑡
𝜏(𝐴𝑐𝑜𝑠(𝑘𝑥) + 𝐵𝑠𝑖𝑛(𝑘𝑥))

(
𝜕𝑇

𝜕𝑡
)
𝑥=0

= (
𝜕𝑇

𝜕𝑡
)
𝑥=𝐿

= 0

𝐵 = 0 𝑘𝐿 = 𝑛𝜋 𝑘 =
𝑛𝜋

𝐿
𝜏 =

1

𝐷𝑘2

𝑇(𝑥, 𝑡) = 𝑔(𝑡)ℎ(𝑥) = ∑𝐴𝑖𝑒
−
𝑡
𝜏𝑛𝑐𝑜𝑠 (

𝑛𝜋

𝐿
𝑥)

∞

𝑛=1

𝑇(𝑥, 0) = ∑ 𝐴𝑖𝑐𝑜𝑠 (
𝑛𝜋

𝐿
𝑥)∞

𝑛=1

𝐴𝑖

2𝐿 
𝑇(𝑥, 0) 

𝑥 𝐿 𝑂 
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𝐴𝑖 =
2

2𝐿
∫ 𝑇(𝑥, 0) cos (

𝑛𝜋

𝐿
𝑥) 𝑑𝑥

𝐿

−𝐿

=
2

𝐿
∫ (𝑇𝑚𝑎𝑥 − (

𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛
𝐿

)𝑥) cos (
𝑛𝜋

𝐿
𝑥) 𝑑𝑥

𝐿

0

𝐴𝑖 =
2𝑇𝑚𝑎𝑥
𝐿

∫ cos (
𝑛𝜋

𝐿
𝑥) 𝑑𝑥 −

2

𝐿
(
𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛

𝐿
)∫ 𝑥 cos (

𝑛𝜋

𝐿
𝑥) 𝑑𝑥

𝐿

0

𝐿

0

𝐴𝑖 =
2

𝐿
(
𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛

𝐿
)∫ 𝑥 cos (

𝑛𝜋

𝐿
𝑥) 𝑑𝑥

𝐿

0

𝐴𝑖 = −2(
𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛
𝑛2𝜋2

) ((−1)𝑛 − 1)

𝑇(𝑥, 𝑡) = 𝑇𝑚𝑜𝑦 +∑−2(
𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛
𝑛2𝜋2

) ((−1)𝑛 − 1)𝑒
−
𝑡
𝜏𝑛𝑐𝑜𝑠 (

𝑛𝜋

𝐿
𝑥)

∞

𝑛=1


