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Thermodynamics of Heat Conduction Through a Plane Wall

Thermodynamics and heat transfer are fundamental aspects of engineering, particularly when
analyzing heat conduction through solid objects. A common and important example in
thermodynamics is the study of heat conduction through a plane wall. This topic falls under
steady-state heat conduction, where temperature differences exist across the wall, but the rate

of heat flow remains constant over time.

In this content, we’ll explore the basic principles governing heat conduction through a plane

wall, key equations, the concept of thermal resistance, and practical applications.

1. Basics of Heat Conduction

Heat conduction is the transfer of thermal energy through a material without any movement of
the material itself. The process occurs due to the interaction of particles at the atomic level. In
solids, particularly, this is facilitated by the vibration of molecules and free electrons transferring

Kinetic energy.
Fourier’s Law of Heat Conduction

The primary equation that describes heat conduction is Fourier's Law. For a one-dimensional

system (like a plane wall), it can be expressed as:



Where:
® g is the rate of heat transfer (W),
e [ is the thermal conductivity of the material (W/m-K),
e A isthe cross-sectional area perpendicular to the heat flow (m?),

. ﬂ—‘: is the temperature gradient across the wall (K/m).

For a plane wall with constant properties, the equation simplifies if we assume a uniform

temperature gradient, leading to:
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Where:
e T, and 15 are the temperatures on each side of the wall (K),

e [ is the thickness of the wall (m).

This equation tells us that the heat flow is proportional to the temperature difference and

inversely proportional to the thickness of the wall.

2. Steady-State Heat Conduction in a Plane Wall

In steady-state heat conduction, the temperature distribution remains constant over time, which
implies that the heat entering the wall is equal to the heat leaving it. In this case, no internal heat

generation occurs within the wall.

Assumptions for Heat Conduction Through a Plane Wall



For analyzing heat conduction in a plane wall, some assumptions are typically made:

1. One-Dimensional Heat Flow: The heat transfer occurs only in one direction (normal to
the surface of the wall), simplifying the analysis.

2. Constant Thermal Conductivity: The thermal conductivity of the material is assumed
to remain constant, although in real scenarios it can vary with temperature.

3. No Heat Generation: No internal sources or sinks of heat are present within the wall.

4. Steady-State Conditions: The temperature distribution does not change with time, so the

system is in thermal equilibrium.

Under these assumptions, the problem becomes easier to solve mathematically, and Fourier’s law

can be applied directly.

3. Thermal Resistance Concept

The concept of thermal resistance simplifies the understanding of heat conduction, especially in
systems involving multiple layers or different materials. It is analogous to electrical resistance in

a circuit.

Thermal Resistance of a Plane Wall



The thermal resistance Ry, of a plane wall is given by:
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Where;
e L isthe thickness of the wall (m),
e [ is the thermal conductivity (W/m-K),

e A is the cross-sectional area (m?).

The total rate of heat transfer through the wall can then be rewritten using the concept of thermal

resistance:

AT

g— —
Rth

Where:
o AT =T, — T is the temperature difference across the wall (K).

This form of the equation makes it easier to understand how different factors (thickness, thermal

conductivity, and area) affect the rate of heat transfer.

Composite Walls

In practical situations, a wall may consist of several layers of different materials (composite walls).
The total thermal resistance for such systems is the sum of the individual resistances of each layer:
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The heat transfer rate for a composite wall becomes:

This form of the equation makes it easier to understand how different factors (thickness, thermal
conductivity, and area) affect the rate of heat transfer.

Composite Walls



In practical situations, a wall may consist of several layers of different materials (composite
walls). The total thermal resistance for such systems is the sum of the individual resistances of

each layer:
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he heat transfer rate for a composite wall becomes:
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This allows engineers to design systems with multiple layers of materials, each providing a

specific thermal resistance, to control heat flow effectively.

4. Temperature Distribution in a Plane Wall

For a steady-state system, the temperature distribution across the plane wall is linear. The
temperature gradient is constant since there are no heat sources or sinks, and thermal

conductivity is assumed constant.

The general form of the temperature profile within the wall can be expressed as:

The general form of the temperature profile within the wall can be expressed as:
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Where T and T are the temperatures at the two boundaries, and  is the position within the wall,

measured from the surface at T7.

This linear temperature profile is a direct consequence of the constant heat flux and absence of

internal heat generation.



5. Practical Applications of Heat Conduction Through a Plane Wall

Heat conduction through plane walls has numerous practical applications across various
industries. Understanding this concept is vital for designing efficient thermal systems in

buildings, engines, and electronic devices.
Insulation Materials

In the construction industry, the walls of buildings often consist of multiple layers of materials
with different thermal conductivities. Insulation materials, with low thermal conductivity, are
commonly used to minimize heat loss or gain, helping to maintain a stable indoor temperature

and reducing energy consumption for heating and cooling.
Heat Exchangers

In heat exchangers, solid walls separate two fluids at different temperatures, allowing heat to
transfer from one fluid to another without mixing them. The design of these walls, in terms of

material choice and thickness, significantly impacts the efficiency of the heat exchanger.
Electronic Devices

In electronic systems, controlling heat flow through components is essential for maintaining
optimal operating temperatures. Heat sinks, typically made of materials with high thermal
conductivity (e.g., aluminum or copper), are used to draw heat away from sensitive components,

allowing for proper heat dissipation into the surrounding environment.

6. Summary and Conclusion

In thermodynamics and heat transfer, understanding heat conduction through a plane wall is

essential for solving practical problems involving thermal insulation, heat exchangers, and



thermal management systems. The use of Fourier’s law, combined with the concept of thermal

resistance, allows for a straightforward analysis of heat flow across different materials.

By applying these principles, engineers can design systems that optimize heat transfer for a

variety of applications, ensuring both energy efficiency and reliable thermal performance.



