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Part 1: General knowledge questions – 24 points total. 
Select (circle) and briefly explain the correct answer. 

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 conductivity k.

2. Objects that radiate relatively well
(a) always absorb radiation relatively well.
(b) reflect radiation relatively well.
(c) have a high emissivity ε.

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.

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.

5. A composite wall consists of two layers with thermal conductivities k1 and k2  and thicknesses L1 and L2, 
respectively. If T1 and T2 are the temperatures at the surfaces, which expression gives the heat flux through the 
composite wall in steady state?
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6. The emissivity ϵ of a surface determines its effectiveness in emitting thermal radiation. Which of the following 
statements is true for a surface with emissivity ϵ?
(a) A surface with ϵ = 1 is a perfect reflector.
(b) A surface with ϵ = 0 emits no radiation.
(c) A surface with ϵ = 0.5 emits half the radiation of a blackbody at the same temperature.

7. In a counterflow heat exchanger, the effectiveness ϵ is defined as the ratio of the actual heat transfer to the 
maximum possible heat transfer. The heat exchanger has a heat capacity ratio Cr = Cmax/Cmin. The number of transfer 
units (NTU) is defined as NTU = UA/Cmin, where A is the total heat transfer area and U is the overall heat transfer 
coefficient. Which of the following statements is true for large NTU and a heat capacity ratio Cr  close to 1?
(a) The effectiveness ϵ approaches (1+Cr)-1

(b) The effectiveness ϵ approaches  1/Cr

(c) The effectiveness ϵ approaches 1

8. 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 



Part 2: Problems.
Problem 1 (26 points)
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 400
W/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 (25 points)

Given: A spherical thermocouple with radius 1.0 mm is suspended in a stream of air. The air temperature is 100°C 
and the heat transfer coefficient between the air and the thermocouple is 750 W/m2K. The thermocouple is made of a
material with very high conductivity, density 8000 kg/m3, and specific heat capacity 250 J/(kg K). There is a 10.0 
mW heat leak into the thermocouple due to conduction through the leads. The thermocouple is coated with a
thin, 10 μm, layer of non-conductive epoxy (0.02 W/(m K)).

Find:
a) Under steady state conditions (i.e., the temperature of the flow and the thermocouple are not changing) and 
neglecting thermal radiation, estimate the error associated with using this thermocouple.
b) If the thermocouple is used under transient conditions, estimate the response time of the thermocouple, i.e., its 
time constant.



Problem 3 (25 points)
Given: Two very large parallel plates as sketched, with emissivities 1  and 2. 
Find: Heat transfer per unit area between the plates (in W/m2). 
Note: State your assumptions. 











Radiation heat transfer relations for some two-surface geometries


