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Thermal Resistance Concept 
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The thermal resistance network for heat transfer through a plane wall subjected to convection on 

both sides, and the electrical analogy. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Heat transfer                                                                            Steady heat conduction                                                                                                    

 

24 
 

Two parallel layers 

 

 

 

 

 

 

 

 

 

 

 

 

Series and parallel composite wall and its thermal circuit 
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Complex multi-dimensional problems as 1-D problems 
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Critical Radius of Insulation 

 

 

 

 

 

Critical Radius of Insulation 

• Practically, it turns out that adding insulation in cylindrical and spherical exposed walls can 

initially cause the thermal resistance to decrease, thereby increasing the heat transfer rate because the 

outside area for convection heat transfer is getting larger. At some critical thickness, rcr, the thermal 

resistance increases again and consequently the heat transfer is reduced. 

• To find an expression for rcr, consider the thermal circuit below for an insulated cylindrical wall 

with thermal conductivity k: 
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Ex1: A 3-mm-diameter and 5-m-long electric wire is tightly wrapped with a 2-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     30°C with a heat transfer coefficient of h = 12 W/m
2
 · 

°C, determine 

the temperature at the interface of the wire and the plastic cover in steady operation. Also determine 

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

temperature. 
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1D Conduction with Heat Generation 
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Ex2: 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        0°C. The tank 

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

room are also at 22°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 (a) the rate of heat transfer to the iced water in the tank and (b) 

the amount of ice at 0°C that melts during a 24-h period. 

Take h rad =5.34 , Noting that it takes 333.7 kJ of energy to melt 1 kg of ice 

at 0°C,  (hif) 

 

Ex3: Steam at       320°C flows in a cast iron pipe (k = 80 W/m · 

°C) whose inner  and outer diameters are D1 = 5 cm and D2 = 5.5 cm, 

respectively. The pipe is covered with 3-cm-thick glass wool 

insulation with k = 0.05 W/m · °C. Heat is lost to the surroundings at 

      5°C by natural convection and radiation, with a combined heat 

transfer coefficient of h2 = 18 W/m
2
 · °C. Taking the heat transfer 

coefficient inside the pipe to be h1 = 60 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. 
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