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Abd El Hafid Boussouf University – Mila 
Institute of Science and Technology  
Department of Process Engineering  January 2026 

Heat Transfer Final Exam - Correction 
 

Exercise 1: (13 marks) 

1.1. heat flux transferred from the steam to the plate bottom surface:  

Using Newton’s law of cooling: 𝑞′′ =  ℎ𝑠𝑡𝑒𝑎𝑚. (𝑇∞,2 − 𝑇1) = 30. (100 − 80) = 𝟔𝟎𝟎 𝑾/𝒎² 

1.2. Deduce the rate of heat transfer entering the plate: 

We have: 𝑞′′ =  
𝑞

𝐴
      𝑞 =  𝑞′′. 𝐴      𝑞 =  600 × 0,2 = 𝟏𝟐𝟎 𝑾    

 
2.1 Write the governing equation for steady one-dimensional heat conduction in the plate: 

The heat conduction equation, for constant k, is: 

𝜕2𝑇

𝜕𝑥2
+ 

𝜕2𝑇

𝜕𝑦2
+

𝜕2𝑇

𝜕𝑧2
+  𝑞̇ =  

𝜌𝑐𝑝

𝑘
.
𝜕𝑇

𝜕𝑡
 

 

Then, for steady-state, one-dimensional conduction without heat generation: 
𝝏𝟐𝑻

𝝏𝒙𝟐 =  𝟎 

2.2 Determine the temperature gradient (
𝒅𝑻

𝒅𝒚
|
𝒊𝒏𝒔𝒊𝒅𝒆

) inside the plate : 

Inside the solid plate, we have: conduction heat transfer, 

Then, from Fourier’s law: 𝒒′′ =  − 𝒌𝒑𝒍𝒂𝒕𝒆.
𝒅𝑻

𝒅𝒚
      

𝑑𝑇

𝑑𝑦
=  −

𝑞′′

𝑘𝑝𝑙𝑎𝑡𝑒
      

𝑑𝑇

𝑑𝑦
=  −

600

237
      

𝒅𝑻

𝒅𝒚
=  −𝟐, 𝟓𝟑 𝑲/𝒄𝒎 

Means that: temperature decreases upward through the plate. 

2.3 Calculate the top surface temperature of the plate : 

We have: |
𝒅𝑻

𝒅𝒚
| =  

∆𝑻

𝒕𝒉𝒊𝒄𝒌𝒏𝒆𝒔𝒔
      ∆𝑇 =  𝑇2 − 𝑇1 =  |

𝑑𝑇

𝑑𝑦
| . 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠      𝑇2 = |

𝑑𝑇

𝑑𝑦
| . 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 − 𝑇1    

   𝑇2 = (−2,53) × 0,01 + 80       𝑻𝟐 = 𝟕𝟗, 𝟗𝟕 °𝑪 

Due to the very high thermal conductivity of aluminum, the temperature drop across the plate is negligible. 

3.1 The energy balance at the top surface of the plate : 

The energy balance is: 𝐸𝑖𝑛 + 𝐸𝑔 = 𝐸𝑠𝑡 + 𝐸𝑜𝑢𝑡 

At steady state, no generation of heat: 𝐸𝑠𝑡 = 0 and 𝐸𝑔 = 0 

Then, 𝐸𝑖𝑛 = 𝐸𝑜𝑢𝑡      𝒒𝒄𝒐𝒏𝒅,   𝒑𝒍𝒂𝒕𝒆
′′ = 𝒒𝒄𝒐𝒏𝒗,   𝒂𝒊𝒓

′′   

 

3.2 Determine the air-side convection coefficient (hair) :  

We have: 𝑞𝑐𝑜𝑛𝑑,   𝑝𝑙𝑎𝑡𝑒
′′ = 𝑞𝑐𝑜𝑛𝑣,   𝑎𝑖𝑟

′′       𝑞𝑐𝑜𝑛𝑑,   𝑝𝑙𝑎𝑡𝑒
′′ =  ℎ𝑎𝑖𝑟. (𝑇2 − 𝑇∞,1)    

ℎ𝑎𝑖𝑟 =
𝑞𝑐𝑜𝑛𝑑,   𝑝𝑙𝑎𝑡𝑒

′′

(𝑇2−𝑇∞,1)
      ℎ𝑎𝑖𝑟 =

600

(79,97 − 25)
      𝒉𝒂𝒊𝒓 = 𝟏𝟎, 𝟗𝟐

𝑾

𝒎𝟐.𝑲
 

 

3.3 Calculate the temperature gradient (
𝒅𝑻

𝒅𝒚
|

𝒕𝒐𝒑 𝒔𝒖𝒓𝒇𝒂𝒄𝒆
) in the air at the top surface of the plate : 

Using Fourier’s law in the air adjacent to the top surface (because, flow air considered with no motion):

Top surface, T2 

𝒒𝒄𝒐𝒏𝒅
′′  

𝒒𝒄𝒐𝒏𝒗
′′  
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𝒒′′ =  − 𝒌𝒂𝒊𝒓.
𝒅𝑻

𝒅𝒚
|

𝒕𝒐𝒑 𝒔𝒖𝒓𝒇𝒂𝒄𝒆
      

𝑑𝑇

𝑑𝑦
|
𝑡𝑜𝑝 𝑠𝑢𝑟𝑓𝑎𝑐𝑒

= −
𝑞′′

𝑘𝑎𝑖𝑟
       

𝑑𝑇

𝑑𝑦
|

𝑡𝑜𝑝 𝑠𝑢𝑟𝑓𝑎𝑐𝑒
= −

600

0,0243
    

   
𝒅𝑻

𝒅𝒚
|

𝒕𝒐𝒑 𝒔𝒖𝒓𝒇𝒂𝒄𝒆
=  −𝟐, 𝟒𝟕 × 𝟏𝟎𝟑 𝑲/𝒎 

4.1 Calculate the Reynolds number of the air flow : 

𝑹𝒆 =  
𝝆.𝑼.𝑳

𝝁
      𝑅𝑒 =  

1,2×4×0,5

1,8×10−5       𝑹𝒆 ≈  𝟏, 𝟑𝟑 × 𝟏𝟎𝟓 

4.2 The flow regime: 

Since: 𝑅𝑒 ≈  1,33 × 105  < 5 × 105 

So: the flow regime is: laminar. 

 

4.3 The Nusselt number : 

For laminar flow over a flat plate: 𝑵𝒖 =  
𝒉.𝑳

𝒌
= 𝟎. 𝟔𝟔𝟒𝑹𝒆𝑳

𝟎.𝟓𝑷𝒓
𝟏
𝟑    

   𝑁𝑢 =  
ℎ.𝐿

𝑘
= 0.664 × (1,33 × 105) × (0,71)

1
3    𝑵𝒖 ≈ 𝟐𝟏𝟑      𝒉𝒂𝒊𝒓 ≈ 𝟏𝟎, 𝟑𝟓 

𝑾

𝒎𝟐.𝑲
 

Comparison: The theoretical value is significantly close to the value obtained in Question 3. 

5.1 The modified energy balance at the top surface including radiation : 

Including radiation: The energy balance is: 𝐸𝑖𝑛 + 𝐸𝑔 = 𝐸𝑠𝑡 + 𝐸𝑜𝑢𝑡 

At steady state, no generation of heat: 𝐸𝑠𝑡 = 0 and 𝐸𝑔 = 0 

Then, 𝐸𝑖𝑛 = 𝐸𝑜𝑢𝑡      𝒒𝒄𝒐𝒏𝒅,   𝒑𝒍𝒂𝒕𝒆
′′ = 𝒒𝒄𝒐𝒏𝒗,   𝒂𝒊𝒓

′′ +  𝒒𝒓𝒂𝒅
′′  

So, 𝑞𝑐𝑜𝑛𝑑
′′ = ℎ𝑎𝑖𝑟. (𝑇2 − 𝑇∞,1) +  𝜀. 𝜎. (𝑇2

4 − 𝑇∞,1
4 ) 

5.2 Discuss the influence of radiation on the surface temperature: 

 Radiation increases total heat loss. 

 Plate surface temperature decreases. 

 Effect becomes significant at higher temperatures. 

 

Exercise 2: (7 marks) 

Assumptions: 

 Steady-state conditions. 

 One-dimensional radial heat conduction. 

 Constant thermal conductivity. 

 No internal heat generation. 

For a cylindrical wall under the given assumptions, the governing equation is given by: 

𝟏

𝒓

𝒅

𝒅𝒓
(𝒓

𝒅𝑻

𝒅𝒓
) = 𝟎 

General solution after two integrations: 𝑻(𝒓) =  𝑪𝟏𝐥𝐧 (𝒓) + 𝑪𝟐 

Apply boundary conditions: 𝑇(𝑟1) = 𝑇1 and 𝑇(𝑟2) = 𝑇2 

Substituting into the general solution:  

{
𝑇1 =  𝐶1ln (𝑟1) + 𝐶2

𝑇2 =  𝐶1ln (𝑟2) + 𝐶2
 

 

Top surface, T2 

𝒒𝒄𝒐𝒏𝒅
′′  

𝒒𝒄𝒐𝒏𝒗
′′  𝒒𝒓𝒂𝒅

′′  

2 



 

 

1 

1 

1 This gives that: {
𝐶1 =  

𝑇2− 𝑇1

ln (
𝑟2
𝑟1

)

𝐶2 =  𝑇1 − 𝐶1ln (𝑟1)
 

 

Then, temperature distribution is: 𝑇(𝒓) = 𝑻𝟏 +  
𝑻𝟐− 𝑻𝟏

𝐥𝐧 (
𝒓𝟐
𝒓𝟏

)
𝐥𝐧 (

𝒓

𝒓𝟏
) 

Substitute numerical values: 

𝑟1 = 0,15 𝑚; 𝑟2 = 0,20 𝑚; 𝑟 = 0,175 𝑚; 𝑇1 = 60 °𝐶; 𝑇2 = 200 °𝐶 

𝑇(0,175) = 60 + 
200− 60

0,288
× 0,154      𝑻(𝟎, 𝟏𝟕𝟓)  ≈ 𝟏𝟑𝟓 °𝑪 

 

 


