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3. Introduction
 Coordinate system

Cartesian coordinates Cylindrical coordinates Spherical coordinates

Temperature gradients exist along a single coordinate system, and heat transfer occurs 
exclusively in common (planar, cylindrical, and spherical) geometries.

- One dimensional system

t
TρCq

z
Tk

zy
Tk

yx
Tk

x 














































Under steady-state, one-dimensional conditions with no heat generation
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3.1 Plain Wall
 Temperature Distribution
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constant thermal conductivity

To obtain two unknown constants, two boundary conditions T(0) = Ts,1 and T(L) = Ts,2 are necessary.

For one-dimensional, steady-state with no heat generation and 
constant conductivity, the temperature varies linearly with x.
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3.1 Plain Wall
 Analogy Analysis

Resistance: Ratio of a driving potential to the corresponding transfer rate 

Electricity Heat transfer 

Voltage: (V2-V1)

Current: i

Resistance: Re

Thermal potential: (T2-T1)

Heat flow: q

Thermal resistance: Rth
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3.1 Plain Wall
 Steady heat conduction in multilayer plane wall

Overall heat transfer coefficient(열관류계수), U TUAqx 
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3.1 Plain Wall
 Thermal Contact Resistance

• The existence of a finite contact resistance is due 
principally to surface roughness effects.

• Contact spots are interspersed with gaps that are, 
in most instances, air filled. Heat transfer is 
therefore due to conduction across the actual 
contact area and to conduction and/or 
radiation across the gaps.

• The contact resistance may also be reduced by 
selecting an interfacial fluid of large thermal 
conductivity.

Thermal contact resistance for (a) metallic interfaces under vacuum 
conditions and (b) aluminum interface

Thermal resistance of representative solid/solid interfaces



7

3.2 Alternative Conduction Analysis

• Under, steady-state conditions with no heat
generation and no heat loss from the sides, heat 
transfer rate qx must be a constant independent of x.

• Even if the area varies with position A(x) and the 
thermal conductivity varies with temperature k(T), 
qx = qx+dx.

A is uniform and k is independent of temperature, above equation reduces to

qx may be computed by integrating between x0 and x1.

T0 is known, T = T1 at some x = x1 is known.
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3.3 Radial Systems
 The Cylinder

For steady-state conditions with no heat generation

22
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3.3 Radial Systems
Multilayered cylinder
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3.3 Radial Systems
 The Sphere

 Summary
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3.5 Conduction with Thermal Energy Generation
• The temperature distribution of processes may be occurring

within the medium due to thermal energy generation. 
• A common thermal energy generation process involves the conversion 

from electrical to thermal energy in a current-carrying 
medium (Ohmic, or resistance, or Joule heating).

• Energy generation may also occur as a result of the deceleration and 
absorption of neutrons in the fuel element of a nuclear reactor or 
exothermic chemical reactions.

The general solution is

 The Plane Wall

where C1 and C2 are the constants of integration.

C1 and C2 are determined through boundary conditions.

·

·

For constant thermal conductivity k and uniform energy 
generation per unit volume (q is constant)

.
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3.5 Conduction with Thermal Energy Generation

The general solution is

 Asymmetrical Boundary Conditions
·

·

·

·
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3.5 Conduction with Thermal Energy Generation

The general solution is

 Symmetrical Boundary Conditions
·

·

The maximum temperature exists at the midplane

·


