
      Student #_______________ 

 

 

 

 

Department of Mechanical Engineering 

Michigan State University 

East Lansing, Michigan 

 

 

 

Ph.D. Qualifying Examination in 

Heat Transfer 
 

 

 One open book. 

 Answer all questions. 

 All questions carry the same weight. 

 
 
 

Exam prepared by 

 

Professor A. Benard 

Professor I. S. Wichman 
 

 

 

August, 2012 
 



 2 

Question # 1 

After leaving your car parked outside during a cold Michigan autumn night, you notice the 

following morning that the outside window is covered with dew.  You turn on your car heater 

after your engine has been running for a few minutes. The heater core warms the air to a 

temperature of 45
o
C. If the window is initially at -1

o
C, you would like to estimate how long it 

will take to warm the window above a dew point of 10
o
C. The windshield has a thickness of 

5mm, a conductivity of k=5 W/mK, a density of 2000kg/m
3
, and cp =700J/kgK. The blower 

provides a turbulent jet of warm air at 8m/s over a length of 0.5m. Neglect the heat losses to the 

environment (i.e. assume that the outside surface is insulated; be careful to use the correct 

characteristic length to estimate your Biot number). In addition, use a film temperature of 27
o
C 

for the air properties. 

Windshield 0.5 m 

Turbulent jet 

Car interior 
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Question # 2 

A 5-cm high cylinder of ice (k=2.22 W/mK and 70.124 10   m
2
/s) initially at -20

o
C is placed 

on a table on its base with a diameter of 4cm in a room at 18
o
C.  The heat transfer coefficient on 

the exposed surface of the block is 12 W/m
2
K.  Neglecting heat transfer from the table to the 

block and radiation heat transfer to the surrounding, how long will it take for the block of ice to 

start melting? 
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Question # 3 

Consider a fog layer H = 10 m deep over a plowed field. We assume that the absorption 

coefficient for the fog layer equals K = 0.0065 m
-1

 (see diagram below). The solar flux 

incident on the earth is I = 1370 W/m
2
 and the atmospheric transmittance τ is taken 

approximately as τ = 0.25. The sun’s rays are incident on the surface of this patch of plowed 

field at an angle θ from the vertical (see Figure below). Assuming the incident radiation 

reaching the surface heats it, whose emissivity is approximately ε = 0.75 (plowed field), 

derive (but do not solve) an equation for the change of the surface temperature Ts with time 

for a 5cm thick layer of the ground for a few values of θ between 0° (vertical ray) and 90° 

(horizontal ray).  You may take the ground as having a heat capacity cp of 2kJ/kgK, a density 

of 2500kg/m
3
 

  In addition, speculate on how the fog layer disappears. Can you derive a model for 

it?  

 
  

H 

Top of fog layer 

  

Ground or surface (plowed field) 

Atmosphere 

 I= 1370 W/m
2
 

Irradiation that reaches the surface 

through the fog layer is scaled  by KSe  

S=path length, K= absorption coeff. 
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Problem # 4 

The intensity of solar radiation that strikes the earth is I = 1370 W/m
2
. The earth’s surface 

absorptivity for solar radiation is α = 0.7. At the same time the earth loses heat by radiation 

to the universe of temperature T∞ = 4 K. The earth’s emissivity is ε ≈ 0.95. 

(a) Assume the atmosphere is absent and calculate the earth’s average temperature. Note that 

the area of earth “seen” by the incident solar flux is πR
2
. 

(b) Compare the calculated T value with the actual average temperature of the earth, which is 

15 °C. Comment on the difference and how that difference may be due to the role played 

by the gaseous atmosphere. What role is the atmosphere expected to play? Set up a model 

energy balance but do not solve for the temperature. You may wish to refer to Problem # 

3. 

(c) Describe the role of conduction in the earth’s energy balance. At a radius of 3500 km 

from the center of the earth the temperature of the outer core is 4300 K. At the surface of 

the earth (radius R = 6400 km) the temperature is 15 °C ≈ 290K. Calculate the heat flux 

from the core to the surface assuming a base level thermal conductivity of the mantle 

layer of ~ 1 W/m-K. Where does this heat go? Compare it (magnitude, etc.) with the solar 

part calculated in (b) above. 

 


