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Consider a large plane wall of thickness L _ 0.4 m, thermal conductivity k _ 2.3 
W/m · °C, and surface area A _ 20 m2. The left side of the wall is maintained at a 
constant temperature of T1 _ 80°C while the right side loses heat by convection to 
the surrounding air at T _ 15°C with a heat transfer coefficient of h _ 24 W/m2 · °C. 
Assuming constant thermal conductivity and no heat generation in the wall, (a) 
express the differential equation and the boundary conditions for steady one-
dimensional heat conduction through the wall, (b) obtain a relation for the variation 
of temperature in the wall by solving the differential equation, and (c) evaluate the 
rate of heat transfer through the wall. Answer: (c) 6030 W 
 

 
 



 
Consider the base plate of a 800-W household iron with a thickness of L _ 0.6 cm, 
base area of A _ 160 cm2, and thermal conductivity of k _ 20 W/m · °C. The inner 
surface of the base plate is subjected to uniform heat flux generated by the resistance 
heaters inside. When steady operating conditions are reached, the outer surface 
temperature of the plate is measured to be 85°C. Disregarding any heat loss through 
the upper part of the iron, (a) express the differential equation and the boundary 
conditions for steady one-dimensional heat conduction through the plate, (b) obtain 
a relation for the variation of temperature in the base plate by solving the differential 
equation, and (c) evaluate the inner surface temperature. 
Answer: (c) 100°C 

 

 



Consider a large plane wall of thickness L _ 0.3 m, thermal conductivity k _ 2.5 
W/m · °C, and surface area A _ 12 m2. The left side of the wall at x _ 0 is subjected 
to a net heat flux of q· 0 _ 700 W/m2 while the temperature at that surface is 
measured to be T1 _ 80°C. Assuming constant thermal conductivity and no heat 
generation in the wall, (a) express the differential equation and the boundary 
conditions for steady one-dimensional heat conduction through the wall, (b) obtain 
a relation for the variation of temperature in the wall by solving 
the differential equation, and (c) evaluate the temperature of the right surface of the 
wall at x _ L. Answer: (c) _4°C 

 

 



 
Aspherical container of inner radius r1 _ 2 m, outer radius r2 _ 2.1 m, and thermal 
conductivity k _ 30 W/m · °C is filled with iced water at 0°C. The container is 
gaining heat by convection from the surrounding air at T _ 25°C with a heat transfer 
coefficient of h _ 18 W/m2 · °C. Assuming the inner surface temperature of the 
container to be 0°C, (a) express the differential equation and the boundary conditions 
for steady one-dimensional heat conduction through the container, (b) obtain a 
relation for the variation of temperature in the container by solving the differential 
equation, and (c) evaluate the rate of heat gain to the iced water. 

 

 
 



 
 
 

Consider a homogeneous spherical piece of radioactive material of radius r0 _ 0.04 
m that is generating heat at a constant rate of g· _ 4 _ 107 W/m3. The heat generated 
is dissipated to the environment steadily. The outer surface of the 
sphere is maintained at a uniform temperature of 80°C and the thermal conductivity 
of the sphere is k _ 15 W/m · °C. Assuming steady one-dimensional heat transfer, 
(a) express the differential equation and the boundary conditions for heat conduction 
through the sphere, (b) obtain a relation for the variation of temperature in the sphere 
by solving the differential equation, and (c) determine the temperature at the center 
of the sphere. 
 

 
 



 
A long homogeneous resistance wire of radius r0 _ 5 mm is being used to heat the 
air in a room by the passage of electric current. Heat is generated in the wire 
uniformly at a rate of g· _ 5 _ 107 W/m3 as a result of resistance heating. If 
the temperature of the outer surface of the wire remains at 180°C, determine the 
temperature at r _ 2 mm after steady operation conditions are reached. Take the 
thermal conductivity of the wire to be k _ 8 W/m · °C. Answer: 212.8°C 

 
 
 


