
manual solution bergman introduction to
heat transfer chapter 3
Manual solution of Bergman’s “Introduction to Heat Transfer” Chapter 3 is an essential
undertaking for engineering students and professionals seeking to deepen their understanding of
heat transfer principles. Chapter 3 of Bergman’s textbook delves into the fundamental concepts of
conduction, including one-dimensional steady-state conduction, Fourier’s law, thermal resistance,
and the application of these concepts in various engineering scenarios. This article will provide a
comprehensive overview and manual solutions to selected problems from this chapter, ensuring a
solid foundation in heat transfer theory and applications.

Overview of Heat Conduction

Heat conduction is the process by which heat energy is transferred within materials or between
materials that are in direct contact. It occurs due to temperature gradients within a material,
leading to the movement of thermal energy from regions of higher temperature to regions of lower
temperature. Heat conduction can be described mathematically by Fourier’s law, which states that
the rate of heat transfer through a material is proportional to the negative gradient of temperature
and the area through which the heat flows.

Fourier’s Law of Heat Conduction

Fourier’s law can be expressed in a mathematical form as follows:

\[
q = -k \frac{dT}{dx}
\]

Where:
- \( q \) is the heat transfer rate (W)
- \( k \) is the thermal conductivity of the material (W/m·K)
- \( \frac{dT}{dx} \) is the temperature gradient (K/m)

This equation indicates that heat transfer occurs in the direction of decreasing temperature and that
the rate of heat transfer is influenced by the material's thermal conductivity.

Steady-State Conduction

Steady-state conduction refers to a situation where the temperature distribution within a material
remains constant over time. This condition is achieved when the heat entering a section of a material
equals the heat leaving that section. In practical applications, steady-state conduction is essential for
analyzing systems such as insulated pipes, heat exchangers, and electronic devices.



Thermal Resistance Concept

The concept of thermal resistance is crucial for analyzing heat transfer problems. Thermal
resistance can be defined for various geometries and configurations, allowing engineers to predict
temperature drops across materials. In one-dimensional steady-state conduction, the thermal
resistance \( R \) can be expressed as:

\[
R = \frac{L}{kA}
\]

Where:
- \( L \) is the thickness of the material (m)
- \( k \) is the thermal conductivity (W/m·K)
- \( A \) is the cross-sectional area (m²)

Total thermal resistance in series and parallel configurations can also be derived, leading to useful
calculations for multi-layer materials.

Manual Solutions to Selected Problems

This section will provide a manual solution to selected problems from Chapter 3 of Bergman’s
“Introduction to Heat Transfer.” The solutions will illustrate the application of concepts discussed
above.

Problem 3.1

Problem Statement: A wall is constructed of two layers of material. The first layer has a thermal
conductivity of \( k_1 = 0.5 \, \text{W/m·K} \) and a thickness of \( L_1 = 0.1 \, \text{m} \). The
second layer has a thermal conductivity of \( k_2 = 1.0 \, \text{W/m·K} \) and a thickness of \( L_2 =
0.2 \, \text{m} \). If the temperature on one side of the wall is \( T_1 = 100 \, \text{°C} \) and on the
other side \( T_2 = 20 \, \text{°C} \), calculate the heat transfer rate through the wall.

Solution:

1. Calculate the thermal resistance for each layer:
- For Layer 1:
\[
R_1 = \frac{L_1}{k_1 A} = \frac{0.1}{0.5 A} = \frac{0.2}{A} \, \text{K/W}
\]
- For Layer 2:
\[
R_2 = \frac{L_2}{k_2 A} = \frac{0.2}{1.0 A} = \frac{0.2}{A} \, \text{K/W}
\]

2. Calculate the total thermal resistance:



\[
R_{total} = R_1 + R_2 = \frac{0.2}{A} + \frac{0.2}{A} = \frac{0.4}{A} \, \text{K/W}
\]

3. Calculate the heat transfer rate using the temperature difference and total resistance:
\[
q = \frac{T_1 - T_2}{R_{total}} = \frac{100 - 20}{\frac{0.4}{A}} = \frac{80A}{0.4} = 200A \text{
W}
\]

Thus, the heat transfer rate through the wall is \( 200A \) watts, where \( A \) is the cross-sectional
area of the wall.

Problem 3.2

Problem Statement: A cylindrical pipe has an inner radius of \( r_1 = 0.05 \, \text{m} \) and an outer
radius of \( r_2 = 0.1 \, \text{m} \). The thermal conductivity of the pipe material is \( k = 0.6 \,
\text{W/m·K} \). If the temperature of the fluid inside the pipe is \( T_{inside} = 80 \, \text{°C} \)
and the outer surface of the pipe is at \( T_{outside} = 20 \, \text{°C} \), calculate the heat transfer
rate per unit length of the pipe.

Solution:

1. Calculate the thermal resistance for the cylindrical pipe:
\[
R = \frac{1}{2\pi k L} \ln\left(\frac{r_2}{r_1}\right)
\]
Assuming unit length \( L = 1 \):
\[
R = \frac{1}{2\pi (0.6) (1)} \ln\left(\frac{0.1}{0.05}\right) = \frac{1}{1.2\pi} \ln(2)
\]

2. Calculate the heat transfer rate:
\[
q = \frac{T_{inside} - T_{outside}}{R} = \frac{80 - 20}{R}
\]

3. Substitute \( R \):
\[
q = \frac{60}{\left(\frac{1}{1.2\pi} \ln(2)\right)} = 60 \cdot 1.2\pi \cdot \frac{1}{\ln(2)}
\]

Calculate the numerical value:
\[
q \approx 60 \cdot 3.7699 \cdot 1.4427 \approx 325.53 \text{ W/m}
\]

Therefore, the heat transfer rate per unit length of the pipe is approximately \( 325.53 \, \text{W/m}
\).



Conclusion

The manual solutions presented in this article demonstrate the application of fundamental heat
transfer principles, particularly focusing on one-dimensional steady-state conduction as discussed in
Chapter 3 of Bergman’s “Introduction to Heat Transfer.” Understanding the mathematical
formulation of Fourier’s law, thermal resistance concepts, and applying these to practical
engineering problems is crucial for anyone working in the field of thermal engineering. Mastery of
these concepts not only aids in academic success but also equips professionals with the tools
necessary to design efficient thermal systems in various industries.

Frequently Asked Questions

What is the primary focus of Chapter 3 in Bergman's
'Introduction to Heat Transfer'?
Chapter 3 primarily focuses on conduction, detailing the fundamentals of heat transfer through solid
materials.

What mathematical concepts are essential for understanding
heat conduction in Chapter 3?
Key mathematical concepts include Fourier's law of heat conduction, differential equations, and
boundary conditions.

How does Bergman explain the concept of thermal
conductivity?
Bergman explains thermal conductivity as a material property that indicates the ability of a
substance to conduct heat, often denoted by the symbol 'k'.

What are the applications of one-dimensional steady-state
heat conduction discussed in the chapter?
Applications include insulation design, heat exchangers, and thermal management in buildings and
electronic devices.

What is the significance of boundary conditions in heat
conduction problems?
Boundary conditions define the behavior of heat transfer at the surfaces of a material, which is
critical for accurately solving conduction problems.



Can you explain the concept of transient heat conduction
mentioned in Chapter 3?
Transient heat conduction refers to the time-dependent behavior of heat transfer in a material,
where temperature changes over time until reaching a steady state.

What examples of work problems are provided in Chapter 3?
Examples include calculating heat transfer rates through walls, determining temperature
distributions in rods, and analyzing heat loss in insulated pipes.

How does the chapter address multi-dimensional heat
conduction?
The chapter introduces multi-dimensional heat conduction by using partial differential equations and
discusses techniques to solve them, such as separation of variables.

What tools or methods does Bergman suggest for solving heat
conduction problems?
Bergman suggests using analytical methods for simple geometries, numerical methods like finite
difference and finite element for complex problems, and software tools for simulations.
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