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Part 1: General knowledge questions (25 points)



1. Sometimes, one’s bare hand feel “colder” when immersed in water at 5 ◦C than when exposed to air
at -10 ◦C. Why?

(a) There is an endothermic chemical reaction between water and oils in the skin.

(b) The convection coefficient in water is much higher than in air, and as a result heat is removed
from your hand at a much faster rate than in air

(c) This is just a physiological reaction due to pores on your skin closing in water

Answer:

2. 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:

3. Turbulent boundary layers are usually associated with higher convective heat transfer. In addition, one
sees in general:

(a) lower drag

(b) higher drag

(c) no change in drag

Answer:

4. 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:

5. Rough surfaces promote boiling more than smooth surfaces. This is because:

(a) the effective interface area is higher

(b) there are more large bubble nucleation sites

(c) the vapor/liquid surface tension is reduced

Answer:



6. Solar swimming pool heaters are often unglazed. This is because:

(a) The temperature difference between the water temperature and the ambient temperature is low
(or even negative) and convective heat loss is correspondingly negligible.

(b) Glazing reflects much of the incoming solar radiation

(c) Glass is dangerous around a pool area

Answer:

7. 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:

8. 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:

9. A selective radiating surface is one which:

(a) Has different emissivity and absorptivity depending on the temperature

(b) Has different emissivity and absorptivity depending on the wavelength

(c) Has an emissivity which is different from its absorptivity at a given wavelength

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 solu-
tion.



Problem 1
A metal water heater tank contains 100 kg of water at 75◦C in a room where the ambient temperature
is 20◦C. The surface area of the heater is 1.3 m2. The manufacturer (which supplies heaters to a fa-
mous Swedish retailer) is planning to insulate the heater with matted horse hair (thermal conductivity 0.05
W/(m K)), a by-product from the nearby meat packing plant (also a supplier of the famous Swedish retailer).
The technical requirement is that the water should not cool faster that 3◦C per hour when the heater ele-
ment 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 is, to a good approximation, uniform.
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horse hair mat

ambient T = 20 degrees C

T = 75 degrees C

Hint: 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 2
A resistor is cylindrical in shape, 20 mm long, with a diameter of 1 mm. It is sheathed in a layer of electric
insulation with a thermal conductivity 0.1 W/(m K), which can also be assumed cylindrical in shape. Assume
that the resistor is dissipating 0.5W total of energy while operating, with 50% of the heat it generates
transmitted through the copper leads, and the rest - dissipated from the sheathed surface. The surrounding
air is at 300 K, and the surface convection coefficient between the air and the sheathing is h=16 W/(m2K).
Find the optimal insulation thickness for the best cooling effect. What is the resistor temperature?

Hint: only consider convection between the air and the cylindrical part of the resistor.



Problem 3
A conical hole is machined in a block of metal whose emissivity is 0.5. The hole is 2.5 cm in diameter at the
surface and is 7.5 cm deep. If the metal block is held at 800 K, determine:

1. The view factor from the conical surface to large surroundings,

2. The radiation emitted by the hole to surroundings at 0 K,

3. The value of apparent emissivity of the hole, defined as the ratio of the actual power emitted by the
hole to that power which would be emitted by a black surface having an area equal to that of the
opening and a temperature equal to that of the inside surfaces.



Potentially useful material properties



Material properties ctd.


