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Module 2 

ONE DIMENSIONAL STEADY STATE HEAT CONDUCTION 

 
To determine the temperature field, T(x,y,z,t), in a body(i.e. how temperature varies with 

position within the body) 

 
• T(x,y,z,t) depends on:- 

-boundary conditions 

-initial condition 

-material properties (k, cp, ρ…) 

-geometry of the body (shape, size) 

• Why we need T(x,y,z,t) ? 

-to compute heat flux at any location (using Fourier’s eqn.) 

-compute thermal stresses, expansion, deflection due to temp. etc. 

-design insulation thickness-chip temperature calculation 

-heat treatment of metals  

 

Unidirectional heat conduction (1D) 

 
Solid bar, insulated on all long sides (1D heat conduction) 
 

 

 

First Law (energy balance) 
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Boundary and Initial conditions: 

• The objective of deriving the heat diffusion equation is to determine 

the temperature distribution within the conducting body.  

• We have set up a differential equation, with T as the dependent variable. 

The solution will give us T(x,y,z). Solution depends on boundary conditions 

(BC) and initial conditions (IC). 
 

How many BC’s and IC’s ? 

• Heat equation is second order in spatial coordinate. Hence, 2 

BC’s needed for each coordinate.  

* 1D problem: 2 BC in x-direction 

* 2D problem: 2 BC in x-direction, 2 in y-direction 

* 3D problem: 2 in x-dir., 2 in y-dir., and 2 in z-dir. 
 

• Heat equation is first order in time. Hence one IC needed 
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1-Dimensional Heat Conduction 

 

 

 

Thermal resistance (electrical analogy) 
OHM’s LAW: Flow of Electricity 

 
Thermal Analogy to Ohm’s Law 
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1 D Heat Conduction through a Plane Wall 

 

 
 

Resistance expressions 
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Composite Walls: 
 

 

 
 

Overall heat transfer coefficient 
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Assumptions: 

(1)Face between B and C is insulated. 

(2) Uniform temperature at any face normal to X. 

1 D Conduction (Radial conduction in a composite cylinder) 
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Critical Insulation Thickness: 

 

 
Minimum q at r0 = (k/h) = r c r(critical radius) 
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1D conduction in sphere 

 
Inside Solid: 

 
Conduction with Thermal Energy Generation 

 
 

Applications:  

* Current carrying conductors 

* Chemically reacting systems 

* Nuclear reactors 
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Cylinder with heat source 

 

 

 
 

 


