
CHAPTER TWO 

One Dimensional Steady State Conduction 

PLANE WALL 

EX.1 

 Consider a 2-m-high and 0.7-m-wide bronze plate whose thickness is 0.1 

m. One side of the plate is maintained at a constant temperature of 600 K 

while the other side is maintained at 400 K. The thermal conductivity of 

the bronze plate can be assumed to vary linearly in that temperature range 

as k (T ) _ k0(1+   T ) where k0 _ 38 W/m · K and   = 9.21 *10^-4 K
-1

. 

Disregarding the edge effects and assuming steady one-dimensional heat 

transfer, determine the rate of heat conduction through the plate.  
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CHAPTER TWO 

EX.2 

A certain material 2.5 cm thick, with a cross-sectional area of 0.1 m
2
, has 

one side maintained at 35◦C and the other at 95◦C. The temperature at the 

center plane of the material is 62◦C, and the heat flow through the 

material is 1 kW. Obtain an expression for the thermal conductivity of the 

material as a function of temperature. 

 

 

 

CLASS WORK 

A plane wall is constructed of a material having a thermal conductivity 

that varies as the square of the temperature according to the relation k 

=k0(1+βT 
2
). Derive an expression for the heat transfer in such a wall. 

 

 

 

 

 

 

 

 

 

 



CHAPTER TWO 

EX.3 

Find the heat transfer per unit area through the composite wall Assume 

one-dimensional heat flow. 

 

 

  

EX.4 

A thick-walled tube of stainless steel [18% Cr, 8% Ni, k =19 W/m.
◦
C] 

with 2-cm inner diameter(ID) and 4-cm outer diameter (OD) is covered 

with a 3-cm layer of asbestos insulation [k =0.2 W/m. ◦C]. If the inside 

wall temperature of the pipe is maintained at 600
◦
C, calculate the heat 

loss per meter of length. Also calculate the tube–insulation interface 

temperature. 

 

 

 

 

 



CHAPTER TWO 

EX.5 

Consider a 0.8-m-high and 1.5-m-wide double-pane window consisting of 

two4-mm-thick layers of glass (k _ 0.78 W/m · °C) separated by a 10-

mm-wide stagnant air space (k _ 0.026 W/m · °C). Determine the steady 

rate of heat transfer through this double-pane window and the 

temperature of its inner surface for a day during which the room is 

maintained at 20°C while the temperature of the outdoors is _10°C. Take 

the convection heat transfer coefficients on the inner and outer surfaces of 

the window to be h1 _ 10 W/m2 · °C and h2 _40 W/m2 · °C, which 

includes the effects of radiation. 

 

 

 

 

 
 
 

CLASS WORK 

Draw the thermal resistance   
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EX.6 

a)A hollow sphere is constructed of aluminum with an inner diameter of 4 

cm and an outer diameter of 8 cm. The inside temperature is 100◦C and 

the outer temperature is 50◦C. Calculate the heat transfer.  

b)if the sphere is covered with a 1-cm layer of an insulating material 

having k =50 mW/m. ◦C and the outside of the insulation is exposed to 

an environment with h=20 W/m
2 .◦C and T∞ =10◦C. The inside of the 

sphere remains at 100◦C. Calculate the heat transfer under these 

conditions. 

a) 

 
b) 

 

 



CHAPTER TWO 

CLASS WORK 

A hot steam pipe having an inside surface temperature of 250◦C 

has an inside diameter of 8 cm and a wall thickness of 5.5 mm. It is 

covered with a 9-cm layer of insulation having k =0.5 W/m.
◦
C, followed 

by a 4-cm layer of insulation having k =0.25W/m.
◦
C. The outside 

temperature of the insulation is 20
◦
C. Calculate the heat lost per meter of 

length. Assume k =47 W/m. 
◦
C for the pipe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER TWO 

EX.7 

A 2-mm-diameter and 10-m-long electric wire is tightly wrapped with a 

1-mm-thick plastic cover whose thermal conductivity is k = 0.15 W/m · 
°
C. Electrical measurements indicate that a current of 10 A passes through 

the wire and there is a voltage drop of 8 V along the wire. If the insulated 

wire is exposed to a medium at T= 30°C with a heat transfer coefficient 

of h = 24 W/m
2 

· °C, determine the temperature at the interface of the 

wire and the plastic cover in steady operation. Also determine if doubling 

the thickness of the plastic cover will increase or decrease this interface 

temperature. 
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Then the interface temperature becomes 
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Doubling the thickness of the plastic cover will increase the outer radius 

of the wire to 3 mm, which is less than the critical radius of insulation. 

Therefore, doubling the thickness of plastic cover will increase the rate of 

heat loss and decrease the interface temperature. 

  



CHAPTER TWO 

EX.8 

Water flows at 50
◦
C inside a 2.5-cm-inside-diameter tube such that hi 

=3500 W/m
2
 .

◦
C. The tube has a wall thickness of 0.8 mm with a thermal 

conductivity of 16 W/m. 
◦
C. The outside of the tube loses heat by free 

convection with ho =7.6W/m
2
 . 

◦
C. Calculate the overall heat-transfer 

coefficient and heat loss per unit length to surrounding air at 20
◦
C. 

 
 
 

 

 

 

 

 

EX.9 

A 3-m internal diameter spherical tank made of 2-cm-thick stainless 

steel(k = 15 W/m · 
°
C) is used to store iced water at T1 = 0

°
C. The tank is 

located in a room whose temperature is T2 = 22
°
C. The walls of the room 

are also at22°C. The outer surface of the tank is black and heat transfer 

between the outer surface of the tank and the surroundings is by natural 

convection and radiation. The convection heat transfer coefficients at the 

inner and the outer surfaces of the tank are h1= 80 W/m
2
 · °C and h2 =10 

W/m
2
 · 

°
C, respectively. Determine the rate of heat transfer to the iced 

water in the tank 
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CHAPTER TWO 

H.W 

1-  A 1.0-mm-diameter wire is maintained at a temperature of 400
◦
C and 

exposed to a convection environment at 40
◦
C with h=120 W/m

2
 . 

◦
C. 

Calculate the thermal conductivity that will just cause an insulation 

thickness of 0.2 mm to produce a “critical radius.” How much of this 

insulation must be added to reduce the heat transfer by 75 percent from 

that which would be experienced by the bare wire? 

2- 

 
 

 

 

3- Steam at 320
°
C flows in a stainless steel pipe (k =15 W/m · 

°
C) whose 

inner and outer diameters are 5 cm and5.5 cm, respectively. The pipe is 

covered with 3-cm-thick glass wool insulation (k = 0.038 W/m · 
°
C). 

Heat is lost to the surroundings at 5
°
C by natural convection and 

radiation, with a combined natural convection and radiation heat 

transfer coefficient of 15 W/m
2
 .

°
C. Taking the heat transfer coefficient 

inside the pipe to be 80 W/m
2
 · 

°
C, determine the rate of heat loss from 

the steam per unit length of the pipe. Also determine the temperature 

drops across the pipe shell and the insulation. 

 

4- Derive a relation for the critical radius of insulation for a sphere. 

 

 

 

 

 

 



CHAPTER TWO 

HEAT-SOURCE SYSTEMS 

Plane Wall with Heat Sources 

EX.1 

Consider a large 5-cm-thick brass plate (k = 111 W/m · 
°
C) in which heat 

is generated uniformly at a rate of 2 * 10
5
 W/m

3
. One side of the plate is 

insulated while the other side is exposed to an environment at 25
°
C with 

a heat transfer coefficient of 44 W/m
2
 · 

°
C. Explain where in the plate the 

highest and the lowest temperatures will occur, and determine their 

values. 
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EX.2 

Consider a large 3-cm-thick stainless steel plate (k _15.1 W/m · 
°
C) in 

which heat is generated uniformly at a rate of 5 * 10
5
 W/m

3
. Both sides of 

the plate are exposed to an environment at 30
°
C with a heat transfer 

coefficient of 60 W/m
2
· 

°
C. Explain where in the plate the highest and the 

lowest temperatures will occur, and determine their values. 
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CHAPTER TWO 

EX.3 

A certain semiconductor material has a conductivity of 0.0124 W/cm .
◦
C. 

A rectangular bar of the material has a cross-sectional area of 1 cm
2
 and a 

length of 3 cm. One end is maintained at300
◦
C and the other end at 

100
◦
C, and the bar carries a current of 50 A. Assuming the longitudinal 

surface is insulated, calculate the midpoint temperature in the bar. Take 

the resistivity as 1.5×10−3_Ω/ cm. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER TWO 

EX.4 

Consider a shielding wall for a nuclear reactor. The wall receives a 

gamma-ray flux such that heat is generated within the wall according to 

the relation ˙q= ˙q0e
−ax 

where ˙q0 is the heat generation at the inner face of the wall exposed to 

the gamma-ray flux and a is a constant. Using this relation for heat 

generation, derive an expression for the temperature distribution in a wall 

of thickness L, where the inside and outside temperatures are maintained 

at Ti and T0, respectively. Also obtain an expression for the maximum 

temperature in the wall. 

 

 

 

 

 

 



CHAPTER TWO 

EX.5 

Electric heater wires are installed in a solid wall having a thickness of 

 8 cm and k =2.5W/m. ◦C. The right face is exposed to an environment 

with h=50W/m
2
 .◦C and T∞ =30◦C, while the left face is exposed to 

h=75W/m
2 
.◦C and T∞ =50◦C. What is the maximum allowable heat-

generation rate such that the maximum temperature in the solid does not 

exceed 300◦C? 

 

 

 

 

 

 



CHAPTER TWO 

Class Work 

A 3.0-cm-thick plate has heat generated uniformly at the rate of 5×10
5 

W/m
3
. One side of the plate is maintained at 200

◦
C and the other side at 

45
◦
C. Calculate the temperature at the center of the plate for k =16 

W/m.
◦
C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER TWO 

CYLINDER WITH HEAT SOURCES 

A 6-m-long 2-kW electrical resistance wire is made of 0.2-cm-diameter 

stainless steel (k _ 15.1 W/m .
°
C). The resistance wire operates in an 

environment at 30
°
C with a heat transfer coefficient of 140 W/m

2
 .

°
C at 

the outer surface. Determine the surface temperature of the wire (a) by 

using the applicable relation and (b) by setting up the proper differential 

equation and solving it 
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(b) The mathematical formulation of this problem can be expressed as   
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Multiplying both sides of the differential equation by r and  integrating gives 
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Applying the boundary condition at the center line,   

B.C. at  r = 0: 0
0
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Dividing both sides of Eq. (a) by r to bring it to a readily integrable form and 

integrating,  
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Substituting this C2  relation into Eq. (b) and rearranging give  
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which is the temperature distribution in the wire as a function of r. Then the 

temperature of the wire at the surface (r = r0 ) is determined by substituting the known 

quantities to be 
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CHAPTER TWO 

SPHER WITH HEAT SOURCES 

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 * 10
7
 W/m

3
. 

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. 
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(b) Multiplying both sides of the differential equation by r
2
 and rearranging gives 
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Integrating with respect to r gives 
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Applying the boundary condition at the mid point, 

B.C. at  r = 0: 0
0
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Dividing both sides of Eq. (a) by r
2
  to bring it to a readily integrable form and 

integrating,  
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Applying the other boundary condition at r r 0 , 
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Substituting this C2  relation into Eq. (b) and rearranging give  
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which is the desired solution for the temperature distribution in the wire as a function 

of r.  

(c) The temperature at the center of the sphere (r = 0) is determined by substituting 

the known quantities to be 
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Thus the temperature at center will be about 711°C above the temperature of the outer 

surface of the sphere. 
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CHAPTER TWO 

H.W 

1- Derive an expression for the temperature distribution in a hollow 

cylinder with heat sources that vary according to the linear relation 

˙q=a+br 

with ˙qi the generation rate per unit volume at r =ri. The inside 

and outside temperatures are T =Ti at r =ri and T =To at r =ro. 

 

2- The temperature distribution in a certain plane wall is 
     

     
=C1 +C2 x

2 +C3 x
3
 

where T1 and T2 are the temperatures on each side of the wall. If the 

thermal conductivity of the wall is constant and the wall thickness 

is L, derive an expression for the heat generation per unit volume 

as a function of x, the distance from the plane where T =T1. Let the 

heat-generation rate be ˙q0 at x=0. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER TWO 

 

EX.1 

A long stainless-steel rod [k =16 W/m.C] has a square cross section 12.5 

by12.5 mm and has one end maintained at 250◦C. The heat-transfer 

coefficient is40 W/m
2
 . 

◦
C, and the environment temperature is 90

◦
C. 

Calculate the heat lost by the rod. 

SOL. 

 

 

 

EX.2 
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EX.3 

 

 

 

  



CHAPTER TWO 

EX.4 

A finned tube is constructed as shown in Figure. Eight fins are installed 

as shown and the construction material is aluminum. The base 

temperature of the fins may be assumed to be 100
◦
C and they are 

subjected to a convection environment at 30
◦
C with h=15 W/m

2
 .

◦
C. The 

longitudinal length of the fins is 15 cm and the peripheral length is 2 cm. 

The fin thickness is 2 mm. Calculate the total heat dissipated by the 

finned tube. Consider only the surface area of the fins.  

 

 

 

EX.5  

Steam in a heating system flows through tubes whose outer diameter is 

D1 = 3 cm and whose walls are maintained at a temperature of 120
°
C. 

Circular aluminum fins (k = 180 W/m · °C) of outer diameter D2 = 6 cm 

and constant thickness t = 2 mm are attached to the tube, as shown in 

Figure. The space between the fins is 3 mm, and thus there are 200 fins 

per meter length of the tube. Heat is transferred to the surrounding air at 

T= 25
°
C, with a combined heat transfer coefficient of h= 60 W/m

2
 · 

°
C. 



CHAPTER TWO 

Determine the increase in heat transfer from the tube per meter of its 

length as a result of adding fins. 
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H.W 

Steam in a heating system flows through tubes whose outer diameter is 5 

cm and whose walls are maintained at a temperature of 180
°
C. Circular 

aluminum alloy 2024-T6 fins (k = 186 W/m · 
°
C) of outer diameter 6 cm 

and constant thickness1 mm are attached to the tube. The space between 

the fins is 3 mm, and thus there are 250 fins per meter length of the tube. 

Heat is transferred to the surrounding air at T= 25
°
C, with a heat transfer 

coefficient of 40 W/m
2
 · 

°
C. Determine the increase in heat transfer from 

the tube per meter of its length as a result of adding fins.  


