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Abd El Hafid Boussouf University Center – Mila 

Institute of Sciences and Technology  

Department of Process Engineering May 2025 

Heat Transfer Final Exam 
TYPE CORRECTION 

Problem n° 01: 

Taking the general heat conduction equation on Cartesian coordinates,  

Using assumptions: constant thermal conductivity k and transient two-dimensional heat transfer with no heat 

generation, so 

a) Heat conduction equation is:                      
𝝏𝟐𝑻

𝝏𝒙𝟐
+ 

𝝏𝟐𝑻

𝝏𝒚𝟐
=  

𝟏

𝜶
.

𝝏𝑻

𝝏𝒕
 

b) Boundary Conditions: we must put 4 BCs 

𝝏𝑻(𝟎,𝒚,𝒕)

𝝏𝒙
= 𝟎                                          

𝝏𝑻(𝒙,𝟎,𝒕)

𝝏𝒚
= 𝟎  

−𝒌.
𝝏𝑻(𝒂,𝒚,𝒕)

𝝏𝒙
= 𝒉. [𝑻(𝒂, 𝒚, 𝒕) − 𝑻∞]                        −𝒌.

𝝏𝑻(𝒙,𝒃,𝒕)

𝝏𝒚
= 𝒉. [𝑻(𝒙, 𝒃, 𝒕) − 𝑻∞] 

Initial condition: 1 IC:                                        𝑻(𝒙, 𝒚, 𝟎) =  𝑻𝒊 

 

Problem n° 02: 

1) The rate of heat transfer of a single fin (𝒒𝒇) as function of 𝜽𝒈𝒂𝒔 = (𝑻𝒃 −  𝑻∞): 

The heat transfer from a single fin can be calculated from Table 1 for a fin with convection from the tip 

(case A):  

𝑞𝑓 = 𝑀.
sinh 𝑚𝐿 + (ℎ

𝑚𝑘⁄ ) cosh 𝑚𝐿

cosh 𝑚𝐿 + (ℎ
𝑚𝑘⁄ ) sinh 𝑚𝐿

 

Where                               𝑚 =  √
ℎ𝑃

𝑘𝐴𝑐
=  √

ℎ.(2𝑡+2𝑤)

𝑘.(𝑤.𝑡)
=  √

57.(6+0,01)

3.(3.0,005)
= 87,25 𝑚−1 

𝑚𝐿 = 87,25 × 0,0125 = 1,091     and     ℎ 𝑚𝑘⁄ =  
57

87,25 ×3
= 0,2178 

𝑀 =  √ℎ. 𝑃. 𝐾. 𝐴𝑐. 𝜃𝑏 =  √57 × 6,01 × 3 × 0,015 × (𝑇𝑏 −  𝑇∞) 

𝑴 = 𝟑, 𝟗𝟐𝟔(𝑻𝒃 −  𝑻∞) 

𝑞𝑓 = 3,926(𝑇𝑏 − 𝑇∞).
sinh(1,091)+(0,2178) cosh(1,091)

cosh(1,091)+(0,2178) sinh(1,091)
      →      𝒒𝒇 = 𝟑, 𝟑𝟗𝟓(𝑻𝒃 −  𝑻∞) 

2) The total rate of heat transfer on the gas side (𝒒𝑮𝒂𝒔), then predict thermal resistance (𝑹𝑮𝒂𝒔): 

The rate of heat transfer on the gas side is the sum of the convection from the fins and the convection from 

the bare wall between the fins. The bare area is: 

𝐴𝑏𝑎𝑟𝑒 =  𝐴𝑤𝑎𝑙𝑙 − (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑛𝑠). (𝑎𝑟𝑒𝑎 𝑜𝑓 𝑜𝑛𝑒 𝑓𝑖𝑛) 
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𝐴𝑏𝑎𝑟𝑒 =  1,8 − (96 𝑓𝑖𝑛𝑠). (3 × 0,005) = 0,36 𝑚2 

The total rate of heat transfer to the gas is: 

𝑞𝐺𝑎𝑠 = 𝑞𝑏𝑎𝑟𝑒 + (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑛𝑠). 𝑞𝑓 =  ℎ𝐺 × 𝐴𝑏𝑎𝑟𝑒 × (𝑇𝑏 − 𝑇∞) + 96 × 0,395(𝑇𝑏 −  𝑇∞) 

𝑞𝐺𝑎𝑠 =  57 × 0,36 × (𝑇𝑏 −  𝑇∞) + 96 × 0,395(𝑇𝑏 −  𝑇∞) = 346,4 × (𝑇𝑏 −  𝑇∞) 

𝒒𝑮𝒂𝒔 = 𝟑𝟒𝟔, 𝟒 × (𝑻𝒃 −  𝑻∞) 

 The thermal resistance on the gas side is: 

𝑞𝐺𝑎𝑠 = 346,4 × (𝑇𝑏 −  𝑇∞) =  
(𝑇𝑏− 𝑇∞)

𝑅𝐺𝑎𝑠
       →       𝑅𝐺𝑎𝑠 =  

1

346,4
       →       𝑹𝑮𝒂𝒔 = 𝟎, 𝟎𝟎𝟐𝟖𝟖𝟕 𝑲/𝑾 

3) The total rate of heat transfer on the liquid side (𝒒𝑳𝒊𝒒𝒖𝒊𝒅), then predict thermal resistance (𝑹𝑳𝒊𝒒𝒖𝒊𝒅): 

𝑞𝐿𝑖𝑞𝑢𝑖𝑑 =  ℎ𝐿 × 𝐴𝑤𝑎𝑙𝑙 × (𝑇𝑏 −  𝑇∞) = 255 × (0,6 × 3) × (𝑇𝑏 −  𝑇∞)    →     𝒒𝑳𝒊𝒒𝒖𝒊𝒅 =  𝟒𝟓𝟗 × (𝑻𝒃 −  𝑻∞) 

 The thermal resistance on the liquid side is: 

𝑞𝐿𝑖𝑞𝑢𝑖𝑑 = 459 × (𝑇𝑏 − 𝑇∞) =  
(𝑇𝑏− 𝑇∞)

𝑅𝐿𝑖𝑞𝑢𝑖𝑑
       →       𝑅𝐿𝑖𝑞𝑢𝑖𝑑 =  

1

459
       →       𝑹𝑳𝒊𝒒𝒖𝒊𝒅 = 𝟎, 𝟎𝟎𝟐𝟏𝟕𝟗 𝑲/𝑾 

4) The total rate of heat transfer (q) if the overall temperature difference is ΔT = 38 °C: 

𝑞 =  
∆𝑇

𝑅𝑡𝑜𝑡
=  

∆𝑇

𝑅𝐺𝑎𝑠+𝑅𝐿𝑖𝑞𝑢𝑖𝑑
          →          𝑞 =  

38

0,002887+0,002179
          →          𝒒 = 𝟕𝟓𝟎𝟎 𝑾 

Problem n° 03:  

From Appendix A, Table A.4, for hydrogen at 43 °C: 

𝜈 = 119,9 × 10−6 𝑚²/𝑠  
Pr = 0,703 

𝜌 = 0,07811 𝑘𝑔/𝑚3 

𝑘 = 0,190 𝑊/𝑚𝐾 
 

1) the regime flow of hydrogen over the flat plate: 

Transition to turbulence occurs around:    𝑅𝑒𝑥 =  
𝑈∞.𝑥𝑐

𝜈
= 5 × 105 

𝑥𝑐 =  
5×105×119,9×10−6

3
         →         𝒙𝒄 = 𝟐𝟎, 𝟎 𝒎 

2) a representative scheme: 

 

 

 

 

 

 

𝑥𝑐 =  20,0 𝑚 0 

𝑈∞ = 3𝑚/𝑠 
𝑇∞ = 15 °𝐶 

Hydrogen 

LAM .BL 

TUR .BL 
𝑇𝑠 = 71 °𝐶 
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3) hydrodynamic boundary layer thickness (𝜹), in cm, 

𝛿 =  
5𝑥

√𝑅𝑒𝑥
       →       𝛿 =  

5×0,3

√7506
     →      𝜹 =  𝟎, 𝟎𝟏𝟕 𝒎               (𝑅𝑒0,3 = 7506) 

4) thickness of thermal boundary layer (𝜹𝑻), in cm,  

𝛿𝑡 =  
𝛿

𝑃𝑟
1
3

       →       𝛿𝑡 =  
0,017

(0,703)
1
3

       →       𝜹𝒕 = 𝟏, 𝟗𝟏 

5) local friction coefficient (𝑪𝒇,𝒙), 

𝐶𝑓,𝑥 =  
0,664

√𝑅𝑒0,3
          →           𝐶𝑓,𝑥 =  

0,664

√7506
          →          𝑪𝒇,𝒙 = 𝟎, 𝟎𝟎𝟕𝟕 

6) average friction coefficient (𝑪𝒇
̅̅ ̅), 

𝐶𝑓
̅̅ ̅ =  

1,33

√𝑅𝑒0,3
          →          𝑪𝒇

̅̅ ̅ = 𝟎, 𝟎𝟏𝟓𝟒 

7) drag force (𝑭𝑫), in N, 

𝐹𝐷 =  𝐴. 𝜏𝑠 =  
𝜌.𝐴.𝑈∞

2 .𝐶𝑓

2
          →          𝐹𝐷 =  

0,07811×(0,3×0,3)×3²×0,0154

2
          →          𝑭𝑫 = 𝟎, 𝟎𝟎𝟎𝟒𝟗 𝑵 

8) local convection heat transfer coefficient (𝒉𝒙), in W/m
2
•K,  

𝑁𝑢𝑥 =  
ℎ𝑥.𝑥

𝑘
= 0.332𝑅𝑒𝑥

0.5𝑃𝑟
1
3          →          ℎ𝑥 =

𝑘

𝑥
× 0.332. 𝑅𝑒𝑥

0.5. 𝑃𝑟
1
3          →      𝒉𝒙 = 𝟏𝟔, 𝟐(

𝑾

𝒎𝟐.°𝑪
)     

9) average convection heat transfer coefficient (𝒉̅), in W/m
2
•K, 

ℎ̅ = 2. ℎ𝑥 = 2 × 16,2          →          𝒉̅ = 𝟑𝟐, 𝟒 (
𝑾

𝒎𝟐.°𝑪
) 

10) rate of heat transfer (𝒒), in W. 

𝑞 = ℎ̅. 𝐴. (𝑇𝑠 − 𝑇∞)           →          𝑞 = 32,4 × (0,3 × 0,3) × (71 − 15)          →        𝒒 = 𝟏𝟔𝟑 𝑾 


