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Part 1 (5 pts) 

1)  Poisson equation  

𝟏

𝜶

𝝏𝑻

𝝏𝒕
= 𝛁𝟐T+

𝒒


 (0.25pt) 

Energy equation assumptions : (0.25pt) 
-Steady state. 

-One dimensional . 

- With heat generated. 

 

Cartesian coordinates 

𝛁𝟐T+
𝒒


= 

𝜹𝟐𝑻

𝝏𝒙𝟐
+

𝒒


= 𝟎          (0.25pt) 

 
Cylindrical coordinates 

𝛁𝟐T+
𝒒


= 

𝛿2𝑇

𝛿𝑟2 +
1

𝑟

𝛿𝑇

𝛿𝑟
+

𝒒


= 0     (0.25pt) 

 

 

2)  Laplace equation 

𝟏

𝜶

𝝏𝑻

𝝏𝒕
= 𝛁𝟐T+

𝒒


 (0.25pt) 

Energy equation assumptions : (0.25pt) 
-Steady state. 

-One dimensional . 

- Without heat generated. 

 

Cartesian coordinates 

 

𝛁𝟐T= 
𝜹𝟐𝑻

𝝏𝒙𝟐
= 𝟎 (0.25pt) 

Cylindrical coordinates 

 

𝛁𝟐T= 
 𝛿2𝑇

𝛿𝑟2 +
1

𝑟

𝛿𝑇

𝛿𝑟
= 0    (0.25pt) 

 

2) Importance of fins in the industry. 

 

- C’est une solution économique (moins coûteuse) consiste à augmenter la surface 

d’échange du solide, ce qui permet de réduire les pertes de chaleur. (1.5 pt) 

 

3) List the criteria for choosing a fin. (1.5 pt) 

Bonne conductivité thermique – Grande efficacité. 
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Part 2 (15pts) 

Problem N°1(5pts) 

 1) Calcul of Tmax 

-Steady state /One dimensional (Axis X) / With heat generated. (0.25pt) 
The passage of electric current produces heat, therefore Qp ≠0 (q ≠ 0). 

The heat equation in cylindrical coordinates 

𝛿2𝑇

𝛿𝑟2
+

1

𝑟

𝛿𝑇

𝛿𝑟
+

𝒒


= 0 ⇒𝑟

𝛿2𝑇

𝛿𝑟2
+

𝛿𝑇

𝛿𝑟
= −

𝑞


𝑟⇒

𝑑

𝑑𝑟
(𝑟

𝑑𝑇

𝑑𝑟
) = −

𝑞


𝑟 

⇒∫
𝑑

𝑑𝑟
(𝑟

𝑑𝑇

𝑑𝑟
) = ∫ −

𝑞


𝑟⇒(𝑟

𝑑𝑇

𝑑𝑟
) = −

𝑞

2
𝑟2 + 𝐴⇒(

𝑑𝑇

𝑑𝑟
) = −

𝑞

2
𝑟 +

𝐴

𝑟
 

⇒ T(r) = −
𝑞

4
𝑟2 + 𝐴 𝑙𝑛(𝑟) + 𝑏 (0.75pt) 

Conditions limites (r = 0⇒ A=0 )   

r = 0 ; T = T1  ⇒ T1 = −
𝑞

4
𝑟2 + 𝐴 𝑙𝑛(0) + 𝑏 ⇒ A= 

𝑇1−𝑏

ln (0)
 ⇒ A =0  (0.25 pt) 

r = R   ;     𝑇(𝑟) = 𝑇2 = −
𝑞

4
𝑟2 + 𝑏  ⇒ 𝑏 = 𝑇2 +

𝑞

4
𝑅2   (0.25 pt) 

𝑻(𝒓) = −
𝒒

𝟒
𝒓𝟐 +

𝒒

𝟒
𝑹𝟐 + 𝑻𝟐  (0.5 pt) 

The temperature is maximum ⇒  
𝒅𝑻

𝒅𝒓
= 𝟎  (𝟎. 𝟐𝟓 𝐩𝐭)   ⇒     −

𝒒

𝟐
𝒓 = 𝟎 ⇒ 𝒓 = 𝟎 (0.25 pt) 

𝑻𝒎𝒂𝒙 =
𝒒

𝟒
𝑹𝟐 + 𝑻𝟐   (0.25 pt) with  𝒒 =

𝒑

𝑽
=  

𝒑  

𝑺 .𝑳
    ⇒ 𝑻𝒎𝒂𝒙 =

𝑹𝟐

𝟒
 

𝒑  

𝑺 .𝑳
+ 𝑻𝟐  ; R = √

𝑺

𝝅
 

N.A : 𝑻𝒎𝒂𝒙 =
𝟎.𝟎𝟕𝟗𝟔

𝟒(𝟎.𝟖𝟓)
 

𝟖𝟎𝟎 

(𝟎.𝟐𝟓) .𝟏
+ 𝟏𝟐𝟎 = 194.92   

𝑻𝒎𝒂𝒙 = 𝟏𝟗𝟒. 𝟗𝟐 C (0.5 pt) 

 

2)Calcul of h 

 ∅𝑐𝑜𝑛𝑑 =  ∅𝐶𝑜𝑛𝑣  (0.25 pt) 

∅ = − S
𝑑𝑇

𝑑𝑟
= ℎ𝑠(𝑇2 − 𝑇𝑓)  (𝟎. 𝟐𝟓 𝐩𝐭);  (

𝑑𝑇

𝑑𝑟
) = −

𝑞

2
𝑟 +

𝐴

𝑟
  (𝟎. 𝟐𝟓 𝐩𝐭) 𝑤𝑖𝑡ℎ  𝐴 = 0  &   r = R 

⇒ ∅ = − S(−
𝑞

2
𝑅) = ℎ𝑠(𝑇2 − 𝑇𝑓)   ⇒ (

𝑞

2
𝑅) = ℎ(𝑇2 − 𝑇𝑓) ⇒ h = 

𝑞

2(𝑇2−𝑇𝑓)
𝑅 (0.5 pt) 

 

N.A : ⇒ h = 
3200

2(120−20)
 0.282 = 4.5 𝑤/𝑚2𝐶   ⇒  h= 4.5 𝑤/𝑚2𝐶 (0.5 pt) 
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Problem N°2 (6 pts) 

  

Convection forcée, géométrie plaque : 

 

Tref = (120+30) /2 = 75°C (1pt) / Ecoulement externe avec transfert de chaleur  

Gas properties (interpolation) 

λ=0.201 (W/mC)             𝜈 = 140.3 10−6(
𝑚2

𝑠
)  , Pr= 0.707 ( 0.6 < Pr < 50). 

𝑅𝑒 =
𝑉.𝐿

𝜈
 (𝟎. 𝟐𝟓 𝐩𝐭) =  

5(3)

140.3 10−6 = 1.07 105 < 5.105   Régime laminaire (1.75 pt) 

𝑁𝑈 =  
ℎ.𝐿

𝜆
= 0.664. 𝑅𝑒0.5. 𝑃𝑟0.33  = 193.74 (1 pt) 

ℎ =
𝑁𝑈𝐿

𝐿
. 𝜆   (0.25 pt) =   12.98 (w/m2K) (0.75 pt) 

𝜙 = 2. ℎ. 𝑆(𝑇𝑖 − 𝑇∞)    (02 surfaces) (0.25 pt) 

𝜙 = 2. ℎ. (3𝑥1)(120 − 30)     

𝜙 = 7009.2 𝑊 (0.75 pt) 

 

Problem N°3 (4pts) 

Calcul of surface : 

S =4𝜋𝑟2     ⇒ 4π (D/2)2     ⇒ S= π D2 = 3.14 (1 392 000 .103)2 = 6.084 1018  m2  (1pt) 

Calcul of Sun heat flux  

∅ = 𝜀𝜎𝑠𝑇4   (0.5pt) ⇒ ∅ = 𝜎𝑠𝑇4   ;   𝜀 = 1.     σ = 5,6710-8 SI. 

N.A :   ∅ = 5.6710−8   6.084 1018  ( 5000)4 = 2.156 1026 w  (1pt) 

Calcul of heat flux (Sun-Eart) 

𝜑 = 𝜀𝜎(𝑇1
4 − 𝑇2

4) (w/m2) (0.5pt) ; N.A : 𝜑 = 0.75 (5.6710−8)(50004 − 2773.154) 

𝜑 = 2.406 107 w/m2 (1pt) 

 

 

 

 

 

 


