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Part 1: General knowledge questions



1. Which statement best describes the process of conduction:

(a) heat transfered by photons moving through space

(b) heat transfered by phonons in a material

(c) heat advected by a flowing fluid

Answer:

2. A high Biot number in the context of a solid immersed in a fluid means:

(a) poor convection, good conduction

(b) poor conduction, good convection

(c) uniform temperature in the solid during transients

Answer:

3. The underlying assumption when the lumped capacitance method is used to solve transient
heat conduction problems is:

(a) constant temperature in time

(b) uniform temperature through the material in question

(c) high heat capacity in the material in question

Answer:

4. A laminated composite material, composed of different layers glued together, the steady-state
heat transfer across the thickness of the material can be modeled by:

(a) a circuit of resistors in series

(b) a series of resistors in parallel

(c) resistors in a Wheatstone bridge configuration

Answer:

5. The Fourier number can be thought of as:

(a) a dimensionless measure of size

(b) a dimensionless measure of the heat capacitance of a material

(c) a dimensionless measure of time

Answer:



6. At a fluid/solid interface in a flow with a high Prandtl number, the following holds:

(a) the velocity boundary layer grows faster than the thermal boundary layer

(b) the thermal boundary layer grows faster than the velocity boundary layer

(c) the boundary layers grow at the same rate

Answer:

7. For convection associated with flow inside a pipe, turbulence implies:

(a) higher heat transfer rate

(b) higher pressure loss

(c) higher heat transfer rate and lower pressure loss

Answer:

8. Doubling the length of a fin designed to remove heat from an electronic component would:

(a) double the rate of heat removal

(b) not affect the rate of heat removal

(c) change the rate of heat removal by a factor which depends on many things, too many
to list in a multiple choice question

Answer:

9. Which of the following characteristics applies to a grey surface?

(a) emits thermal radiation equally in all directions

(b) emits radiation only in grey part of the spectrum

(c) emits radiation equally for the entire visible spectrum, but not the infrared part

Answer:

10. What part of the electromagnetic spectrum is occupied by thermal radiation?

(a) ultraviolet, visible and infrared

(b) infrared only

(c) infrared to microwave

Answer:



Part 2: Problems
Attempt all problems in this section, clearly stating any assumptions and simplifications used in
your solution.



Problem 1

Water is boiled at sea level in a coffee-maker equipped with a 20-cm long, 0.4-cm diameter immersed
electric heating element made of mechanically polished stainless steel. The coffee maker initially
contains 1 L of water at 18◦C. Once boiling starts, it is observed that half of the water in the coffee
maker evaporates in 25 minutes. Determine the power rating of the electric heating element and
its surface temperature during boiling. Also determine the time required to bring the temperature
of the original 1 L of water to boiling.



Problem 2

Consider a 10-cm diameter incandescent light bulb rated at 100W. Air at 25◦C blows across the
bulb at 2 m/s. The bulb is in a room where the walls are also at 25◦C. It can be assumed that 10%
of the thermal radiation emitted by the filament passes through the glass, while the remainder is
absorbed by it. If the emissivity of the glass is 0.9, determine the equilibrium temperature of the
bulb.



Problem 3

Mass-produced, Soylent Green imitation-chickens have a mass of 1.7 kg, a thermal conductivity k
of 0.45 W/m·K and a thermal diffusivity α of 0.13×10−6 m2/s, and are at a temperature of 15◦C
after the final injection-molding process. To prepare for shipping and distribution, the simulated
chickens are chilled in agitated brine at -10◦C. The average convection coefficient between the
pseudo-birds and the brine is determined experimentally to be 440 W/m2·K. If the density of the
meat is 950 kg/m3, and assuming that the shape of the chicken-like product is approximately
spherical, determine the center and surface temperatures after 150 minutes. Will any part of the
delicacy be spoiled by freezing?



A properties of water



B boiling data



C series solution for transients




