
MECH 375- Final 2009   1/4 

Department of Mechanical Engineering 
MECH 375: Heat Transfer-1 Final Examination [Friday April 24, 2009] 

 
 

 
 
Problem 1: Heat transfer from a cylindrical 
transistor is enhanced by inserting it in a copper 
sleeve ( cuk  = 390 W/m- C) having 6 integrally 
machined longitudinal fins on its surface (please 
see figure). The transistor radius is 4 mmR ; the 
sleeve height is 10 mmH ; the sleeve base 
thickness is 2 mmt ; and the fins are of length 

20 mmL  and thickness 1mmw . The sleeve is 
press fitted to the transistor, and the thermal 
contact resistance at the sleeve-transistor 
interface is characterized by   

3 210 W/m -°Ccontact
sleeve trans

h . Air at T = 22 C is blown 

over the fins providing an approximately uniform 
convection coefficient of 230 W/m -°Cavh . Assume 
steady-state one-dimensional radial heat transfer 
and negligible radiation heat transfer. 
 

a) Sketch the equivalent thermal circuit for 
heat transfer from the transistor surface to 
the air. Label clearly each thermal 
resistance.   

b) If the temperature at the transistor surface is .transT = 80 C (constant), what is the rate 
of heat transfer from the sleeve?  

 
Problem 2: Consider a rectangular 
coal bricks barbeque grill as presented 
in the figure. The hot coal bricks are at 
650°C, while the wire mesh made of 
very thin wire is entirely covered with 
burgers initially at 5°C. Neglect 
convection heat transfer.  
 

a) Treating both the burgers and 
the coal bricks as black bodies determine the initial net rate of radiation heat 
transfer exchange between the coal bricks and the burgers bottom faces. 

 
b) Also, determine the initial rate of total radiation heat to the bottom faces of the 

burgers if the side opening of the grill is covered by polished aluminum foil with an 
emissivity approximated as 0al .   
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Notes: This is an only open textbook exam. Only summary sheets provided by 
the instructor are allowed; Exam period: 2:30 hrs.   
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Problem 3: Consider a spherical bullet of 4.0 
mm diameter made of lead fired from a 
revolver in air and at a speed of 250 m/s. It 
takes 0.56 second for the bullet to reach the 
target. The air temperature is constant at 
27 C. Assume bullet speed is constant, and 
radiation heat transfer is negligible. If the 
initial temperature of the bullet is 200 C,  
 

a) Estimate the average convection heat transfer coefficient  
 
b) Find the final temperature of the bullet right before the impact 
 
c) During the travel time what is the amount of heat lost from the bullet to the air? 
 

  
The thermo-physical properties of lead are assumed constant at:  = 11000 kg/m3;           
cp = 2000 J/kg- C; k = 35 W/m- C. 
 
  
Problem 4: In a clean oil-to-water heat exchanger, the oil enters at 100 C with a heat 
capacity rate of oilC 3350 W/K. Water is available at 10 C and 0.6 kg/s. The overall heat 
transfer coefficient is U =500 W/m2- C and the surface area for heat transfer is A = 10 m2. 
In this heat exchanger, it is assumed that the solid wall separating the oil and water is very 
thin. Consider steady-state conditions. 
 

a) Determine the exit temperatures and the rate of heat transfer in counter flow 
arrangement.  

 
b) If the ratio of the convection heat transfer coefficients of oil to water is 0.8, calculate 

the wall temperature at one of the ends of the counter flow heat exchanger where 
the hot oil enters.  

 
 
Note: Approximate water properties by saturated liquid data. 

  
 
 

Good Luck 
 
 
 
 

Target 
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Thermophysical properties of Atmospheric Air 
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Therm
ophysical properties of Saturated W

ater 
 

 


