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INSTRUCTIONS : ALL THE ANSWERS MUST BE COMPLETED IN THE EXAM 
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   QUESTION PAPERS MUST BE HANDED IN. 

 

REQUIREMENTS : 1 POCKET CALCULATOR 

  NO CORRECTION FLUID SHALL BE USED 

ALL WORK SHALL BE HANDED IN. 
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INSTRUCTIONS TO CANDIDATES: 

 

 

PLEASE ANSWER ALL THE QUESTIONS. 

 

REFER TO APPENDICES FOR FURTHER INFORMATION AND EQUATIONS 

THAT MAY BE REQUIRED IN ANSWERING THE QUESTION IN EACH 

CASE. 

 

 

QUESTION 1 

 

Heat Removal from Semi-Infinite Solid 

 

A large flat Copper plate 80mm thick has been heated until it is at a constant and homogeneous 

temperature of 180ºC. The surface (on both sides) is suddenly cooled to 85°C. What is the total 

heat removed from the slab per unit surface area when the temperature at a depth 2 mm has 

dropped to 120°C? 

 

α=8.4x10-5 m2/s   k=400W/m.°C  

 
(See Appendix B Sheet for equations, and further data.  Also refer to attached TableA-1 at Appendix A for relevant erf function 

values)          [12] 

 

 

QUESTION 2 

 

Water at 37℃ flows through a tube of diameter 30mm at 1litre/second, is the flow turbulent? 

(Show all your calculations.) Red = Um d/ or  Rex = Uㆀ x/v 

 
 

[15] 
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QUESTION 3 

 

Argon gas at 78ºC and 5 atmosphere pressure flows over a flat steel plate at a speed of 2 

m/s. Calculate the boundary layer thickness at distances of 350 mm from the leading edge 

of the plate. Assume that the mass flow that enters the boundary layer between x = 35cm 

is 5.232 x 10-3 kg/s.  The viscosity of gas at 78ºC is 0.0002099 Poise.  Assume unit depth 

in the z direction.  Also assume that the plate is heated over its entire length to a 

temperature of 252ºC.  Also calculate the heat transferred in the first 350mm of the plate. 

 

See Equations and data for helpful information in Appendices 

[17] 

 

 

QUESTION 4 

 
What is the difference between laminar flow and turbulent flow velocity profiles? Sketch the 

velocity profile for turbulent flow showing the differences mentioned above. Explain the physical 

difference between laminar and turbulent flow 

[12] 
 

 

QUESTION 5 
 

Give equations that mathematically enable one to calculate the temperatures at each of the 

numbered points 1 to 15 (exclude node 12) in the accompanying sketch if a piece of material’s 

surface is at the temperatures and subjected to the convection environment given on the sketch 

below. Clearly set out any assumptions that you make. h = 544W/m2.℃   

k = 272W/m.℃  and ∆y=  ∆x = 0.5m 

 
[14] 
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QUESTION 6 
 

Draw the equivalent resistance circuit for the wall in the sketch below and calculate equivalent 

overall thermal resistance in the system: - 

 

 
 

[20] 

 

 

 

 

Total Marks          [90] 
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Appendix A  “erf” Function values 
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APPENDIX B 

Equation and Data Sheet 

 
 

Reynolds numbers 

 

Dynamic viscosity in cP [1P = 1kg/m2s];  Kinematic viscosity in cSt  [1St = 1m2/s]  Red =Umd/v and/or Rex =U∞x/v 

 

p = pRT; Rargon = 209 J/kg.K ; R =ℛ /M  (where M = molar mass and the universal gas constant ℛ  = 8314.5J/Kg.mol.K); Cp,argon = 

0.3004kJ/kg℃; Cv,argon = 0.2222kJ/kg℃ ;  

heat capacity of aluminium Caluminium = 0.9kJ/kg℃ and density of aluminium   

 
v  = 17.36 x 10-6 m2/s

 U=m/pA     

 

k = 0.02749 W/mºC 

 Nux = hx.x/k  = 0.332Rex
½ Pr⅓ 

 

Pr = 0.7  

  

 Cp air = 1.006 kJ/kgºC 

 
θo/θi.  Where θo = To - T∞  and θi = Ti - T∞   etc.    
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Appendix C : Heislar Charts 
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