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Heat conduction in the wall 
 Heat conduction through Plane wall 

 Fourier Equation is 

 𝑄 = 𝑘𝐴
𝑇1−𝑇2

∆𝑥
   

 The heat flux 

 𝑞 =
𝑄

𝐴
= 𝑘

𝑇1−𝑇2

∆𝑥
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Heat Conduction in a wall 
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𝑇1 − 𝑇2
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𝑘𝐴

=
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𝑅𝑡ℎ =
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𝑘𝐴
 

𝑄 = 𝐴ℎ 𝑇𝑠 − 𝑇∞

𝑄 =
𝑇𝑠 − 𝑇∞

1
𝐴ℎ

=
𝑇𝑠 − 𝑇∞
𝑅𝑐𝑜𝑛𝑣

 

 

 

 

    𝑅𝑐𝑜𝑛𝑣 =
1

𝐴ℎ
 

𝐶𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 



Conduction in a wall 
 Radiation and convection combination.  

 𝑄 = 𝑄 𝑐𝑜𝑛𝑣 + 𝑄 𝑟𝑎𝑑 

 𝑄 = 𝐴ℎ𝑐𝑜𝑛𝑣 𝑇𝑠 − 𝑇∞ + 𝐴ℎ𝑟𝑎𝑑 𝑇𝑠 − 𝑇∞  

 𝑄 = 𝐴 ℎ𝑐𝑜𝑛𝑣 + ℎ𝑐𝑜𝑛𝑣 𝑇𝑠 − 𝑇∞  

 𝑄 = 𝐴ℎ𝑐𝑜𝑚𝑏 𝑇𝑠 − 𝑇∞  

 ℎ𝑐𝑜𝑚𝑏 = ℎ𝑐𝑜𝑛𝑣 + ℎ𝑟𝑎𝑑 

  

4 



 Thermal Resistance Network 
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Conduction in a wall 
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Conduction in a wall 
 The over all heat transfer coefficient is U 
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𝑈𝐴 =
1

𝑅𝑡𝑜𝑡𝑎𝑙
   →   𝑈 =

1

𝐴𝑅𝑡𝑜𝑡𝑎𝑙
 



Conduction in a wall 

8 



examples 
 Example.1.  Determine the heat transfer across a plane wall of (20cm) 
thickness and a constant thermal conductivity of (10W/m.K). The 
temperatures of surface are steady at (120𝑜C) and (20𝑜). The area of 
the wall is (2𝑚2). Also determine the temperature gradient in the 
direction of flow and the temperature at the midpoint of the wall. 
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Examples 
 Solution: heat transfer by conduction through the wall of thickness 
x=20cm=0.2m and area A=2𝑚2. The surface temperatures are 
(𝑇1=120𝑜C) and (𝑇2=20𝑜C) 

  Property: constant thermal conductivity, k=10W/m.K  

 Assumption: Steady-state and one dimensional heat conduction  

 Analysis: The heat transfer through the wall can be determined by 
Fourier's law of conduction.  
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Examples 
 Example 2. The temperature of gases in a furnace is (500K). 
The temperature of inside surface of the furnace is (400K). 
The heat transfer between the gases and the surface of the 
furnace occurs by convection and radiation. The convection 
coefficient is (20W/𝑚2.𝑜 𝐶). The furnace surface emissivity 
is (0.9). Find the combined heat transfer coefficient and the 
heat transfer rate per unit area. 

12 



Examples 
 Solution: heat transfer by convection and radiation 
between furnace surface and the hot gases 
𝑇𝑠=400K, and 𝑇∞=500K  

 Property: constant property h=20W/𝑚2.𝑜 𝐶 and 
=0.9  

 Assumption: steady-state radiation and convection  

 Analysis: the heat transfer coefficient of radiation 
can be determined by 
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Examples 
 Example 3 A wall of thickness (3cm) and thermal 
conductivity of (24W/𝑚.𝑜C). The wall is exposed to 
heat transfer by convection on both sides. The 
temperature and coefficient of heat transfer on the 
inner face are ( 100𝑜 C) and (10W/ 𝑚2.𝑜 C) 
respectively. The temperature and coefficient of 
heat transfer on the other surface are (25𝑜C) and 
(20W/𝑚2𝑜C) respectively. If the wall area is (4𝑚2), 
find the heat transfer rate. Determine the 
temperatures at the two sides of the wall.  
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Examples 
 Example 4.  A multilayer wall is made of three layers. Layer 
(1) is of thickness (4cm) with thermal conductivity of 
(24W/𝑚.𝑜C). Layer (2) is of thickness (6cm) with thermal 
conductivity of (12W/𝑚.𝑜C). Layer (3) is of thickness (2cm) 
and thermal conductivity (0.8W/𝑚.𝑜C). The layer (1) and 
layer (3) are exposed to convection heat transfer at the 
outer faces. The temperatures and heat transfer coefficients 
are (120𝑜C) and (20W/𝑚2𝑜𝐶) and (10𝑜C) and (60W/𝑚2𝑜𝐶). 
Determine the heat transfer through the wall for area of 
4.5𝑚2 , the two sides temperatures and the interface 
temperatures.  
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Examples 
 Solution: multilayer plane wall consists of three layers with 
∆𝑥1=4cm, 𝑘1 =24W/𝑚.𝑜C, ∆𝑥2=6cm, k2=12W/𝑚2𝑜C, 
∆𝑥3=2cm k=0.8W/𝑚2𝑜C, ℎ∞1=20W/𝑚2𝑜𝐶, 
ℎ∞2=60W/𝑚2𝑜C, 𝑇∞1=120𝑜C, T 2=10oC, A=4.5𝑚2  

  Property: Constant thermal conductivities Assumption: 
Steady state heat transfer by conduction through a plane 
wall 

  Analysis: firstly we calculate the thermal resistance of 
every layer and convection resistance on the two sides:  
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Examples 
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Examples 
 Example5 Consider a (1m) high and (1.5m) wide double 
glassing window consisting of two ( thick layers (6mm) of 
glass (k=0.8W/𝑚.𝑜C) separated by a stagnant air space 
(k=0.025W/𝑚𝑜C) of (8mm) wide. Determine the steady rate 
of heat transfer through this double-pane window and the 
temperature of its inner surfaces for a day during which the 
room is maintained at (25𝑜C) while the temperature of the 
outdoor is (45𝑜 C). Take the convection heat transfer 
coefficients on the inner and outer surfaces of the window 
to be (10W/𝑚2𝑜𝐶) and (40W/𝑚2𝑜𝐶) which include the 
effects of radiation.  

22 



Examples 

 Solution: a double pane window of two glass layers 
separated by stagnant air space, L=1m, w= 1.5m, glass layer 
∆𝑥𝑔=6mm, 𝑘𝑔=0.8W/𝑚.𝑜C,     stagnant air ∆𝑥𝑎=8mm, 
𝑘𝑎=0.025W/𝑚.𝑜C, 𝑇𝑖=25

𝑜C, 𝑇𝑜=45𝑜C, ℎ𝑖=10W/𝑚2.𝑜 𝐶, 
ℎ𝑜=40W/𝑚2.𝑜 𝐶.  

 Property: constant property for air and glass 

  Assumption: steady state heat transfer and one-
dimensional  

 Analysis: There are five resistance as shown in Fig. We 
determine these thermal resistance. The area of the 
window A=Lxw=1.5x 1=1.5𝑚2. 
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Conduction in a wall 
 Thermal Resistance Networks in Parallel. The 
concept of thermal resistance or the electric 
analogy is used to solve problems of heat transfer 
that involved multilayer or combined parallel and 
series arrangement. Such problems are often two 
or three dimensional, but the solution is 
approximated by assuming the heat transfer in 
one-dimension using the thermal resistance 
networks. 
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Conducton in a wall 
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Conduction in a wall 
 Example 6 A wall of (3m)high and (4m) wide consists a long 
(16cmx22cm)cross- section horizontal bricks of thermal 
conductivity (0.72W/𝑚.𝑜C), separated by (3cm) thick plaster 
layer of thermal conductivity (0.21W/𝑚.𝑜C). There are 
(2.5cm) thick plasters on the brick on each of its sides and 
(3cm) of rigid foam with thermal conductivity 
(0.026W/𝑚.𝑜C) on the inner wall side as shown in Figure. 3. 
The temperatures at indoor and outdoor are (22𝑜C) and 
(47𝑜C), and the coefficients of convection heat transfer on 
inner and outer sides are (12W/𝑚2.𝑜 𝐶) and (42W/𝑚2.𝑜 𝐶). 
Determine heat transfer rate through the wall neglecting 
radiation by assuming it one-dimensional heat transfer .  
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Conduction in a wall 
 Solution: a wall of brick of cross-section area of 
(16cmx22cm)with a layer of plaster on each side and rigid 
foam layer on the inner side the wall is exposed to 
convection heat transfer on the two sides. From Figure.  we 
can determine the thermal resistance for each component 
in this composite wall. 

  Property: constant thermal conductivity  

 Assumption: steady state one- dimensional heat transfer, 
and no effect of radiation  

 Analysis: firstly we calculate the resistance of a pattern as 
shown in the Figure. 
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Conduction in a wall 
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Conduction in a wall 
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Conduction in Cylinders 
  HEAT CONDUCTION IN CYLINDERS Let us consider a layer of long cylinder (long 
circular pipe) with inner and outer radii of (𝑟1 and 𝑟2) respectively. The length is L. 
Thermal conductivity of material, the cylindrical layer made of is k. The temperature 
of the two surfaces of the cylindrical layer are 𝑇1 and 𝑇2. By considering that the 
thermal conductivity is constant and no heat generation, we have T(r) only. The 
Fourier's law of heat conduction can be expressed for heat flow through the 
cylindrical layer as expressed for heat flow through the cylindrical layer as  

                                        𝑄 = −𝑘𝐴
𝑑𝑇

𝑑𝑟
 

  

  Where the heat transfer area is A=2rL at a radius r.  

  A is depending on r and thus it varies as r is changed in the heat transfer direction. 
By the variables separating in this  eq. and integrating it from r=𝑟1 to r=𝑟2 

  where T(𝑟1)=𝑇1 and T(𝑟2)=𝑇2, gives  
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Conduction in cylindrical wall 
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Conduction in cylindrical wall 
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Conduction in a cylindrical wall 
 Example 7 Cylindrical shell of inner diameter 
(0.2m) and outer diameter (0.4m). The thermal 
conductivity of shell material is (60W/𝑚.𝑜C). The 
shell is exposed to heat convection on its both 
sides. The temperature inside and outside the shell 
are ( 80𝑜 C) and ( 25𝑜 C)respectively. The heat 
transfer coefficient on inside and outside the shell 
are (40W/𝑚2.𝑜 𝐶) and (10W/𝑚2.𝑜 𝐶). Determine 
the heat transfer through the shell for (1m) long. 
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Examples 
 Solution: cylindrical shell exposed to convection on its two surfaces. 𝐷1 
=0.2m and 𝐷2=0.4m the temperature of fluids in and out the shell are 
𝑇1=80𝑜𝐶, 𝑇2=25𝑜𝐶  

 Property: constant thermal conductivity k=60W/m.𝑜C, constant heat 
transfer coefficient on the two sides of the shell are ℎ1=40W/𝑚2.𝑜 𝐶, 
and ℎ2=10 W/𝑚2.𝑜 𝐶. 

  Assumption: steady one dimensional heat transfer through the shell. 

  Analysis: to calculate the heat transfer through the cylindrical shell, we 
can find the thermal resistance as following. 

  Convection resistance inside the shell 
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Conduction in a cylindrical wall 
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Conduction in a cylindrical wall  
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Examples 
 Example .8 Steam at (300𝑜C) flows in a cast iron pipe 
(k=75W/𝑚.𝑜 𝐶). The inner and outer diameters of the pipe 
are (5cm) and (5.5cm)respectively. It is covered with glass 
wool insulation of (4cm) thick and thermal conductivity 
(0.05W/𝑚.𝑜 𝐶). Heat is transfer to the surrounding at (25𝑜𝐶) 
by free convection and radiation, with a coefficient of 
combined heat transfer to be (20W/𝑚2.𝑜 𝐶). Taking the heat 
transfer coefficient inside the pipe to be (65W/𝑚2.𝑜 𝐶 ). 
Determine the rate of heat loss from the steam per unit 
length of the pipe. Also determine the temperature at 
interface between the pipe and insulation and the inner and 
outer surfaces temperature. 
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Examples 
 Solution: A steam pipe of cast iron covered with glass wool insulation is 
subjected with convection on inner surface and combined convection 
and radiation on the outer surface. 

 𝐷1=5cm, 𝐷2=5.5cm,  Insulation thickness t=4cm.  𝐷3=5.5+8=13.5cm 

 Property: the thermal conductivities of materials in this problem are 
constant and they are: 𝑘𝐴=75W/𝑚.𝑜 𝐶 , and 𝑘𝐵=0.05W/𝑚.𝑜 𝐶 . The 
coefficient of heat transfer inside the tube is: ℎ∞𝑖=65W/𝑚2.𝑜 𝐶, 

  outside the insulation is: ℎ∞𝑜=20W/𝑚2.𝑜 𝐶. 𝑇∞𝑖=300
𝑜𝐶, 𝑇∞𝑜=25𝑜𝐶 

 Assumption: The heat transfer is steady state and one –dimensional 

 Analysis: from the data of the example, we can fined 
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Overall Heat Transfer 
Coefficient 

 Overall Heat Transfer Coefficient For Cylindrical Wall  

 The heat transfer equation for cylindrical wall can rewrite in the form of 
the overall heat 

 transfer coefficient as follows 

                                     𝑄 = 𝐴𝑈∆𝑇 =
∆𝑇

𝑅𝑡𝑜𝑡𝑎𝑙
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Over all Heat Transfer 
Coefficient  
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Overall Heat Transfer 
Coefficient   
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Examples 
 Example 9  Determine Uo , the overall heat transfer 
coefficient based on the outer surface for steel pipe of inner 
diameter (3.0cm) and outer diameter (3.7cm). thermal 
conductivity of steel that the pipe made of is 
(54.0W/𝑚.𝑜 𝐶 ). The inside and out side heat transfer 
coefficient of the pipe are (1000W/ 𝑚2.𝑜 C) and 
(2000W/𝑚2.𝑜 𝐶). if the temperature of inner fluid and outer 
fluid are (500𝑜𝐶) and (200𝑜𝐶), calculate the heat transfer 
along one meter length and the temperature of inner and 
outer surface. 
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Conduction in Sphere 
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Conduction in Spheres 
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Conduction in Spheres 
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Conduction in Spheres 
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Examples 
 Example 10. A spherical tank is of a internal and external 
diameter (4m) and (4.04m)respectively. The tank material is 
stainless steel of thermal conductivity (16W/m.𝑜 𝐶). The tank 
contains iced water at (0𝑜𝐶 ) and located in a room of 
temperature (23𝑜𝐶). The heat transfer coefficient in and out 
the sphere are (90W/𝑚2.𝑜 𝐶) and (8W/𝑚2.𝑜 𝐶)respectively. 
Determine the heat transfer rate to the iced water in the tank 
and the ice mass that melts at (0𝑜𝐶). the latent heat for ice 
water melting is (333.7kJ/kg) 
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Conduction in Multi Sphere 
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Conduction in Multi Sphere 
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Examples  
 Example 11. A sphere carrying steam at (240𝑜𝐶)has an internal 
diameter of (2m). The spherical shell thickness is (0.075m). The 
thermal conductivity of the sphere material is (50W/𝑚.𝑜C). The 
convective heat transfer coefficient on the inside is 
(1.1W/𝑚2.𝑜 𝐶). The sphere is covered by two insulation layers, 
one of (5cm)thickness of thermal conductivity of (0.15W/𝑚.𝑜 𝐶) 
and the another (5cm) thickness and thermal conductivity of 
(0.475W/𝑚.𝑜 𝐶). The outside is exposed to air of temperature 
(40𝑜𝐶) with heat transfer coefficient of (18W/𝑚2.𝑜 𝐶). Determine 
(a)The overall heat transfer coefficient based on the outer and 
inner area, (b) Heat transfer rate from the spherical wall, (c) also 
determine the temperature of the interface between the shell 
and insulation and between the two insulation layers. 
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Critical Thickness of Insulation 
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Critical thickness of insulation 
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Critical Thickness of Insulation 
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Critical thickness of insulation 
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Examples 
 Example 12. Copper pipe carrying refrigerant at (-
25oC)of (0.01m)radius is exposed to convection at 
(30W/𝑚2.𝑜 𝐶) and air temperature of (25𝑜𝐶). An 
insulation of thermal conductivity (0.6W/m.𝑜 𝐶). 
Find the critical radius of the insulation. Find also 
the heat transfer rate at different thickness of the 
insulation from (0.0cm) to (2.0cm) by (0.2cm) step. 
Draw the result of the relation between heat 
transfer and the insulation radius.  
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