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Part 1: General knowledge questions (25 points)



1. Nusselt number. . .

(a) is a measure of heat transfer enhancement via convection (as compared with conduction).

(b) is the ratio of thermal to mechanical dissipation.

(c) equals the ratio of convective heat transfer coefficient h to conducivity k.

Answer:

2. Objects that radiate relatively well

(a) always absorb radiation relatively well.

(b) reflect radiation relatively well.

(c) have a high emissivity ε.

Answer:

3. Why do ceramic tiles in a kitchen or bathroom feel cooler than a floor mat?

(a) ceramic has a lower thermal conductivity value.

(b) ceramic has a higher contact area with your feet.

(c) ceramic has a higher thermal conductivity value

Answer:

4. 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:

5. Why is it acceptable to use only one term in the infinite series solution for transient problems with
large Biot numbers, if the Fourier number is large?

(a) the high-frequency terms in the solution decay quickly with time

(b) the low-frequency terms in the solution decay quickly with time

(c) the Krylov space of the higher terms is range-deficient and therefore does not contribute to the
solution

Answer:



6. 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:

7. Certain frypans have a thick metal handle rather than a wooden one. This is because:

(a) A thick metal handle dissipates heat better and is therefore cooler

(b) The frypan can be placed directly in the oven

(c) The frypan is better balanced

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:

9. There exists an optimum fin spacing for arrays of naturally convecting fins. This is because:

(a) placing fins closer together enhances natural convection

(b) placing fins further apart enhances natural convection

(c) placing fins closer together degrades natural convection, but increases the available area for heat
transfer

Answer:

10. Doubling the length of a pin fin results in:

(a) a doubling of the heat transfer from the fin

(b) no change

(c) an increase in heat transfer by a factor smaller than 2

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

Given: A mild carbon steel plate (AISI 1042) of thickness 1 cm at a temperature 600◦C is rapidly immersed
in an oil bath at 30◦C. The average convective heat transfer coefficient between the plate and the oil is
known to be about 400W/m2K.
Find: The time it will take for the plate to cool to 90◦C.

Note: For steel, assume ρ = 7800 kg/m3, c = 450 J/(kg K). Also use the attached tables if necessary. Justify
your assumptions regarding the method of solution.



Problem 2

Given: A 20-m steam pipe is insulated on the outside with a layer of 85% magnesia insulation. The pipe
wall thickness is 7 mm, the outer diameter of the pipe is 150 mm, the insulation layer thickness is 50 mm.
The pipe is made of AISI 1010 mild steel. Inside the pipe, superheated steam flows at 230◦C, with the
convective heat transfer coefficient between the steam flow and the inner wall of the pipe 35 W/m2K. On
the outside of the pipe, the ambient temperature is 20◦C. The convection coefficient between the insulated
pipe and the surroundings is 8 W/m2K.
Find: Heat dissipated from the pipe to the surroundings.

Note: Use the attached tables for reference.



Problem 3

A black sphere of diameter 2.5 cm is at thermal equilibrium when the quiescent air surrounding it is at 20◦C,
and the walls of a large surrounding enclosure are at 1000K. What is the temperature of the sphere?

Note: The Stefan-Boltzmann constant σ is approximately 5.67 × 10−8W/m2K4.










