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Tutorial 2: Heat Transfer – Conduction  

 

1. The power is going to be down in your building for the next 5 hours.  You have just enough time 

to boil a cup of water for your cup of coffee.  However, you don’t really want a cup of coffee 

right now – but would rather have it in 30 min time. 

 

Your colleagues come up with several suggestions on how to ensure the coffee is as warm as 

possible when you want to drink it.  Unfortunately they are not sure if these will make the 

coffee hotter or colder.  For each suggestion indicate which would keep the coffee hotter for 

when you want to drink it.  Explain why. 

a) Pouring the (cold) milk in when the coffee has been made OR pouring the milk in just before 

drinking.  Assume the milk stays at the same temperature even with the power out due to 

good insulation of the fridge. 

b) Covering the top of the coffee cup with something OR leaving the top of the cup open to 

the atmosphere. 

c) Using a steel mug OR a ceramic mug. 

d) Leaving a spoon in the coffee cup OR taking the spoon out. 

e) Leaving the coffee near an open window where there is a slight draft OR where there is no 

wind. 

 

2. The inner surface of a 23 cm brick furnace wall is kept at 820°C.  It is found that the 

temperature of the outer surface is 180°C. 

a.) Calculate the heat loss from the furnace, given that the thermal conductivity of the brick is 

0.865 W.m-1.K-1. 

b.) A further 23 cm is added to the furnace wall, consisting of insulating brick with a thermal 

conductivity of 0.26W.m-1.K-1.  Calculate the reduction in the heat loss, and the maximum 

temperature to which the insulating brick is exposed.  Assume that the inner temperature 

remains at 820°C.  The temperature of the surrounding air is 20°C. 

 

3. Saturated steam at 14 bar (195°C) condenses inside a thick-walled nickel tube 10 m long with a 

2 cm ID and 4 cm OD.  The temperature of the surrounding air is 25°C.  The thermal conductivity 

of nickel is 140 W.m-1.K-1.  The pipe is covered with a 0.5 cm layer of insulation (thermal 

conductivity 0.21 W.m-1.K-1).  Calculate the conductive energy across the pipe and insulation. 

 

4. The figure below shows the plan view of a steel girder of trapezoidal cross section forming a 

structural member in the wall of a cold room.  The thickness of the wall is 30 cm. The width of 

the girder is 10 cm on the inside and 20 cm on the outside.  Assuming that no heat is lost or 



gained to or from the insulation through the sides of the girder, calculate the heat flow from the 

cold room per metre of length of the girder (perpendicular to the drawing).  k = 45W.m-1.K-1 

 

 

 

 

 

 

Additional Questions: 

5. Liquid ammonia at 0.5 atm (-45°C) is stored in a spherical container of ID 1 foot and OD 18 

inches.  The walls of the sphere are filled with insulation (k = 0.0692 W.m-1.K-1), and the outer 

surface is at room temperature of 20°C.  What is the heat transfer through the sphere?  

Assuming the temperature in the sphere remains constant, how much ammonia is lost per hour 

by evaporation?  Hvap NH3: 1390 kJ/kg 

 

6. A house in a cold climate has a flat roof.  The roof is insulated.  The house is heated and 

maintained at 23°C.  The roof consists of three layers that are in contact with one another:  

ceiling board (1.50 cm thick), insulation (40.0 cm thick) and a waterproof layer on the outside 

which is 0.5 cm thick.  The thermal conductivity of the ceiling board is k1 = 0.690 W.m-1.K-1, for 

the insulation it is k2 = 85.0 W.m-1.K-1 and the thermal conductivity of the waterproof material is 

k3 = 377 W.m-1.K-1.  Lying on the water proof material is a layer of snow, which gets thicker as 

the snow falls.  Due to compression of the snow in contact with the roof, the thermal 

conductivity is a function of the thickness of the snow according to:  

𝑘𝑠𝑛𝑜𝑤 =
1

𝑎𝑙 + 𝑏
 

 

Where: 

l is the thickness of the snow in m 

a = 15.6 K.W-1 b = 1.24 m.K.W-1 

 

The film heat transfer coefficient on the inside is 18 W.m-2.K-1 and on the outside it is 50 W.m-

2.K-1. 

 

a.) If heat is lost at a rate of 50.0 W.m-2 and the outside temperature is -5°C, what is the 

thickness of the snow on the roof? 

b.) What is the overall heat transfer coefficient for the heat transfer in (a)? 

To = 25oC 

Ti = 5oC 


