
ChE 306: HEAT TRANSFER 
FALL 2009 

Homework #1 
(80 points) 

DUE: FRIDAY, AUGUST 28 
 
Chapter 1 Problems 
1. On a winter day, the inner surface of a glass window is 15 oC and the outer surface is 5 oC. The window 
is 5 mm thick, and measures 1 m by 3 m (length by width). Look up the thermal conductivity of plate 
glass in Appendix A3. A 
 

A. What is the rate of heat loss through the window (in Watts)? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: This positive value of q is for a system where the x direction points from hot to cold temperatures. 



 
 
B. Given the same thickness and dimensions of a slab of oak, with the same temperature conditions as the 
 glass window, what is the heat loss (in Watts)? (Use Table A3 again) 
 Compare your answer to (A) to see if your numbers make sense. 
The only thing that changes is k. (k = 0.16 W/m-K) 
q = 0.16*3m2 (15 - 5)/0.005 = 960 W (or -960 W depending on how you defined the x direction). 
Yes, wood is more insulating than glass, so heat loss is smaller. 
 
C. Returning to the glass window, but on a summer day in Alabama, where the surface temperature of on 
 the outside surface of the glass is 95 oF and the inside surface temperature is 77 oF, what is the 
 rate of heat transfer into the room through the glass (in Watts)? 
Converting Temperatures to Celsius, the driving force is 35 - 25 or 10 oC, so the dT is the same as in part 
(A), except that the direction is reversed. k and A are the same, so q = - 8400 W (or 8400 W going from 
outside to inside). 
 



 
2. A home freezer that is part of a two-door refrigerator unit is kept so that the inner walls are -10 oC. The 
unit is placed in a carport where the outer surface is subjected to 35 oC temperatures. The compartment is 
a cube with 2m dimensions on each side. Assume that the bottom of the freezer is completely insulated 
(it’s above the refrigerator). 
 

A. What thickness of styrofoam insulation is needed to keep the heat load for the freezer less than 500 W?  
B. What thickness would be required if the freezer were kept indoors (room temp of 23 oC) instead? 
Note: Styrofoam has a thermal conductivity of 0.030 W/m-K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Keeping it inside with a 23oC outside temperature will reduce the thickness required. 
L = 5 (0.03) (35-23) (4 m2) / (500 W) = 0.0144 m (or 14.4 mm) 
 
 
 
 
 
 



3. Work Problem 1.13 in Incropera & DeWitt. 
C. What would happen to q” if the velocities increased? Would any term on the right hand side of 
 Newton’s Law of Cooling change? If so, how? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(C) If the velocity increases, we know intuitively that the rate of heat loss will increase. Even though 
velocity is not explicitly in the formula, you can deduce that the temperatures won’t change, and neither 
does the surface area of your hand. Thus, the convective heat transfer coefficient, h, must increase with 
velocity.



4. A steam pipe at an oil refinery passes through the air-conditioned control room, which has an air 
temperature of 25 oC and walls also at 25 oC. The pipe is uninsulated (metal is exposed to air) and the 
surface of the pipe is 150 oC. The pipe is 25 m long and has an outside diameter of approximately 4 
inches (10 cm). Given that the convection coefficient for natural convection from the steam pipe to the 
room air is h = 10 W/m2-K, and that the surface emissivity, ε, of 0.8: 
 

A. Determine the rate of heat loss (q) from the pipe due to convection. 
B. Determine the rate of heat loss (q) from the pipe due to radiation. 
C. What is the total rate of heat loss from the pipe? 
D. What would your answers to (A) and (B) be if the pipe were made of a different material with 
 emissivity of 0.7? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
From above (a): qconv = 9813 W,(b) qrad = 8592 W, (c) 18,405 W 
 
(d) If the emissivity changes, the heat loss to convection would not change (still 9813 W) 
qrad = 0.7 * 5.67 * 10-8 * (4234 - 2984) = 7518 W. 
 
 



Chapter 2 Problems 
5. Work Problem 2.2 in Incropera & DeWitt. 
 

 



 
6. Work Problem 2.8 in Incropera & DeWitt. 



7. Work Problem 2.14 in Incropera & DeWitt. 
 



8. Work Problem 2.16 in Incropera & DeWitt. 
Determine the required thermal conductivity of the manufacturer’s insulation, and use Appendix A3 (p 
937-940) to determine what material the insulation might be made of. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For an R value of 19 and a thickness of 6 inches,  
k = 6 in / {(19in/Btu/ftoF) x 0.5778 x 12 in/ft} = 0.0455 W/m-K 
this is similar to a blanket, or clay tile, or some plastering materials, or cork. 
 
 
 



 
 


