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Part 1: General knowledge questions – 24 points total. 
1. In which case is it less likely to find a uniform temperature in a bird being baked in an oven under identical conditions?
(a) a quail
(b) a chicken
(c) a turkey
Answer:

2. What does the Biot number represent physically?
(a) the ratio of thermal resistance of the solid to the thermal resistance of the convective boundary layer
(b) the ratio of thermal resistance of the convective boundary layer to the thermal resistance of the solid.
(c) the dimensionless temperature gradient just outside the surface
Answer:

3. How does the conductivity of a gas vary with temperature in general?
(a) increases
(b) decreases
(c) stays constant
Answer:

4. Why are metal handles on wood stoves often coiled, rather than made with a solid piece?
(a) the thermal resistance increases, thereby producing a region cool enough to handle
(b) to allow for thermal expansion
(c) because coiled handles look quaint and old-fashioned
Answer:

5. What material has higher thermal resistance?
(a) wood
(b) still air
(c) Spam
Answer:

6. What conditions are sufficient for the use of the lumped capacitance method?
(a) low convection coefficient
(b) high conductivity
(c) low Biot number
Answer:

7. Some people can walk on hot coals. Why would they not be able to walk on large ball bearings at the same temperature?
(a) ball bearings contain more heat
(b) ball bearings oer less resistance to the ow of heat
(c) ball bearings could roll around and cause the person to fall
Answer:

8. Birds fluff their feathers while perching in cold weather because:
(a) They tend to preen more in the winter because there is less to do
(b) Feathers standing on end provide a thicker layer of still air with better insulating properties
(c) they are trying to deter predators by looking bigger
Answer:



Part 2. Problems. 
Attempt all problems in this section, clearly stating any assumptions and simplifications used in your solution.
Problem 1 (26 points).

A water heater has an inlet temperature of 20º C and an outlet temperature of 60º C. The water passes through a thick-walled
tube with inner and outer diameters 20 mm and 40 mm respectively. The outer wall is heavily insulated. The tube is heated 
electrically, with a heat generation of 106 W/m3. The heat capacity of water is 4180 J/(kg K).
Calculate:
1. The length L of tube required to achieve the desired outlet temperature for a water flow rate 0.1 kg/s;
2. The local heat transfer coefficient at the outlet if the inner surface temperature of the tube is 70 C.



Problem 2 (25 points).

A metal water heater tank contains 100 kg of water at 75ºC in a room where the 
ambient temperature is 20ºC. The wetted surface area of the heater is 1.3 m2.The 
manufacturer is planning to “green” their product by insulating the heater with matted 
horse hair (thermal conductivity 0.05 W/(m K)), a by-product from the nearby glue 
factory. The technical requirement is that the water should not cool faster than 3ºC per 
hour when the heater is turned off. Calculate the required thickness of the hair mats. 
Assume that the water circulation by natural convection inside the tank ensures that the 
water temperature remains uniform. The problem can be made easier by neglecting the 
temperature drop across the metal tank wall and the air boundary layer around the 
insulation. Comment on the legitimacy of such an assumption.



Problem 3 (25 points).
Oranges are usually refrigerated as a preservative measure. However, some people prefer to eat oranges that are a little 
cooler than room temperature, but not as cold as the refrigerator makes them. Determine the time it takes so that the lowest 
temperature within an orange removed from a refrigerator is 20ºC. Use the following conditions:
1. Refrigerated temperature = 4ºC.
2. Ambient room temperature = 23ºC.
3. Surface convection coefficient = 6 W/(m2K).
4. Thermal conductivity of an orange = 0.431 W/(m K).
5. Density of orange = 0.998 kg/m3.
6. Specic heat of orange = 2 kJ / (kg K).
7. Orange diameter = 105 mm.
Also estimate the heat transferred by the ambient air to the orange during this time.






