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Part 1: General knowledge questions (25 points)



1. Three cylindrical rods of different radii and lengths can be used to connect two heat reservoirs at
fixed temperatures T1 and T2 respectively. From the following pick out the rod which will conduct the
maximum quantity of heat:

(a) Radius 1 cm, length 1 m.

(b) Radius 1 cm, length 2 m.

(c) Radius 3 cm, length 8 m.

Answer:

2. Which one of the following is not an example of convection?

(a) Smoke rising above a fire.

(b) A person gets suntan on a beach.

(c) A chicken is cooked in water.

Answer:

3. You sit next to a fireplace with a burning fire in it. There is a metal poker with one end stuck into the
fire. Which statement describing the situation is definitely true?

(a) You can feel the heat of the fire primarily due to convection.

(b) Heat escapes through the chimney primarily via conduction.

(c) The other end of the poker is warmed through conduction.

Answer:

4. Equal masses of two liquids of specific heats C1 and C2 at temperatures T1 and T2 respectively are
mixed. If there is no change of state, the temperature of the mixture is

(a) (T1 + T2)/2.

(b) (C1T1 + C2T2)/[3(C1 + C2)].

(c) (C1T1 + C2T2)/(C1 + C2).

Answer:

5. Heat transfer by convection will occur:

(a) only in vacuum.

(b) with or without the presence of a medium.

(c) only in liquid, gas, or plasma.

Answer:



6. The cooking instructions for turkeys always always tell us to measure temperature deep inside the
turkey. From this, we can infer that, for the typical baking conditions:

(a) the Biot number is low

(b) the Biot number is high

(c) the thermometer will fall off unless we stick it in deep enough

Answer:

7. Weather reporters often cite temperatures associated with a “wind chill” factor. This can be explained
as:

(a) The temperature in still air which would produce the same amount of heat loss as in the windy
condition

(b) The difference between the wet and dry bulb temperatures in humid air

(c) The actual air temperature due to cold winds from the Arctic

Answer:

8. Fins in most naturally convecting heat sinks for electronic devices are spaced about 7 mm apart, while
fin spacing in heat sinks designed for forced convection varies greatly. This is because:

(a) There is only one large manufacturer of extrusions used in naturally convecting fins

(b) The optimum fin spacing is approximately 7 mm for natural convection at temperatures encoun-
tered in cooling of electronic devices

(c) In forced convection optimum spacing is not critical, so manufacturers just use whatever fins are
cheapest

Answer:

9. In a process where heat is removed by nucleate boiling, it is generally important to make sure that the
critical heat flux is not exceeded. This is because:

(a) if critical flux is exceeded, the boiling process could become unstable and create excessive vibration
on the system

(b) Exceeding the critical flux may result in a reduction in the temperature, leading to reduced heat
transfer

(c) Exceeding the critical heat flux results in an almost instantaneous very large increase in temper-
ature

Answer:

10. Many thermally radiating / absorbing surfaces are dimpled or grooved. This is because:

(a) The surface resistance is reduced

(b) The configuration resistance is reduced

(c) There is no heat transfer benefit, this is just done to enhance material stiffness

Answer:



Part 2: Problems (25 points per question)
Attempt all problems in this section, clearly stating any assumptions and simplifications used in your solution.



Problem 1

A tent being considered for cold-weather conditions has insulation on the top and sides. The insulation
has thermal conductivity k = 0.041 Wm−1K−1 and thickness l = 0.50 cm. A heater inside the tent is
producing heat at a rate of 1500 W. The total surface area of the tent is 30 m2. The characteristic heat
transfer coefficient between the inside air and the tent surface is hi = 7 Wm−2K−1, while the corresponding
heat transfer coefficient between the outside air and outside tent surface is ho = 10 Wm−2K−1. The outside
temperature is Tao = 5◦C. Determine the temperature Tai inside the tent. State any simplifying assumptions.



Problem 2

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 20◦C. Use the
following conditions:

1. Refrigerated temperature = 4◦C.

2. Ambient room temperature = 23◦C.

3. Surface convection coefficient = 6 Wm−2K−1.

4. Thermal conductivity of an orange = 0.431 Wm−1K−1.

5. Density of orange = 0.998 kg m−3.

6. Specific heat of orange = 2 kJ kg−1K−1.

7. Orange diameter = 105 mm.

Also, estimate the heat transferred by the ambient air to the orange during this time.



Problem 3

An automobile parked in the sun has a clear, polished plate-glass windshield approximately 6 mm thick. The
car receives radiation in the amount of 1100 Wm−2 from the sun (assumed to be a black body at 5800 K).
Calculate:

1. The rate at which the sun’s radiant energy is transmitted through the glass windshield into the car.

2. The rate at which radiant energy from the car’s interior is transmitted through the windshield to the
outside, assuming that the interior of the car is a blackbody radiating at 38◦C.

The average transmissivities for the ultraviolet (300nm to 380 nm), visible (380 nm to 720 nm) and infrared
(720 nm to 2000 nm) ranges are 0.68, 0.88 and 0.67 respectively.

Hint: consider the radiant fraction for the ultraviolet, visible and infrared separately.








