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Heat Transfer Sample Problems with Solutions: Mastering

Conduction, Convection, and Radiation

Are you struggling to grasp the complexities of heat transfer? Do those seemingly simple equations
turn into nightmares when faced with real-world problems? You're not alone! Many students and
engineers find heat transfer challenging, but with the right approach and plenty of practice, it becomes
manageable. This comprehensive guide provides you with a range of heat transfer sample problems
with solutions, covering conduction, convection, and radiation. We'll break down each problem step-by-
step, making even the most intimidating equations seem less daunting. By the end, you'll feel more
confident in tackling heat transfer calculations and applying them to various engineering scenarios.

Let's dive in!

Understanding the Three Modes of Heat Transfer

Before we jump into the sample problems, let's briefly review the three fundamental modes of heat

transfer:

Conduction: Heat transfer through direct contact. Think of a hot pan transferring heat to your hand.
Conduction is governed by Fourier's Law, which relates the heat flux (rate of heat transfer per unit

area) to the temperature gradient and the material's thermal conductivity.

Convection: Heat transfer through the movement of fluids (liquids or gases). This is how a radiator
heats a room; hot air rises, and cooler air sinks, creating a circulation pattern. Convection is more
complex than conduction and often involves empirical correlations to account for fluid flow

characteristics.



Radiation: Heat transfer through electromagnetic waves. The sun warming the Earth is a prime
example. Radiation doesn't require a medium; it can occur in a vacuum. The Stefan-Boltzmann law

describes the rate of radiative heat transfer based on temperature and surface properties.

Heat Transfer Sample Problems with Solutions: Conduction

Problem 1: Steady-State Conduction through a Plane Wall

A 2 cm thick wall made of brick (k = 0.7 W/m-K) has a temperature difference of 25°C across it.

Calculate the heat flux through the wall.
Solution:

We use Fourier's Law: q = -k (dT/dx)
Where:

g = heat flux (W/m?)

k = thermal conductivity (W/m-K)

dT = temperature difference (25°C)

dx = thickness of the wall (0.02 m)

g =-0.7 W/m-K (25°C / 0.02 m) = -875 W/m? (The negative sign indicates heat flows from hot to cold)

Therefore, the heat flux through the brick wall is 875 W/m>.

Problem 2: Composite Wall Conduction

A composite wall consists of a 5 cm thick layer of concrete (k = 1.4 W/m-K) and a 10 cm thick layer of

insulation (k = 0.04 W/m-K). If the temperature difference across the entire wall is 50°C, find the heat



flux.
Solution:

For composite walls, we need to consider the thermal resistance of each layer. The total resistance is

the sum of the individual resistances:

R _total = R_concrete + R_insulation = (dx_concrete/k_concrete) + (dx_insulation/k_insulation)
R_total = (0.05 m / 1.4 W/m-K) + (0.1 m / 0.04 W/m-K) = 2.57 m*K/W

Now, we can find the heat flux using: q = DT / R_total

q = 50°C / 2.57 m=K/w [ 19.49 wim?

Heat Transfer Sample Problems with Solutions: Convection

Problem 3: Forced Convection over a Flat Plate

Air at 25°C flows over a flat plate at 100°C with a velocity of 5 m/s. The convective heat transfer

coefficient is estimated to be 20 W/m?-K. Calculate the heat flux.
Solution:

Newton's Law of Cooling is used for convective heat transfer:

g = h (T_surface - T_fluid)

Where:

q = heat flux (W/m2)



h = convective heat transfer coefficient (20 W/m?K)
T _surface = surface temperature (100°C)
T _fluid = fluid temperature (25°C)

q = 20 W/m*K (100°C - 25°C) = 1500 W/m?

Heat Transfer Sample Problems with Solutions: Radiation

Problem 4: Radiation Heat Exchange between Two Parallel Plates

Two large parallel plates are maintained at temperatures of 800 K and 300 K. Calculate the net
radiative heat flux between them, assuming emissivity of both plates is 0.8. (Stefan-Boltzmann
constant, D =567 X 10[”] W/mZ-K[l)

Solution:

We'll use the Stefan-Boltzmann Law for radiative heat transfer between two surfaces:

q = 0000 - 00y 7 (/00 + 400 - 1y

Where:

[”:l and [”:l are the emissivities of the plates (both 0.8)
TD and TD are the temperatures in Kelvin (800 K and 300 K)

q = 0.8 5.67 x 1000 wimzkl (8ooll - 3000y k0 / (1/0.8 + 1/0.8 - 1) U 4560 Wim?

Tackling More Complex Heat Transfer Problems

These sample problems provide a foundation for understanding the basics of conduction, convection,

and radiation. Remember that many real-world scenarios involve combined modes of heat transfer,



making the calculations more challenging. For instance, heat transfer in a building involves conduction

through walls, convection through air movement, and radiation from the sun.

Solving more complex problems often requires utilizing numerical methods or specialized software.
However, a solid grasp of fundamental principles and the ability to solve simpler problems lays the
groundwork for tackling more intricate scenarios. Remember to always pay close attention to units and

ensure consistency throughout your calculations.

Conclusion

Mastering heat transfer requires dedicated practice and a firm understanding of the underlying
principles. This guide provided several sample problems with detailed solutions to help you build that
confidence. By working through these examples and exploring additional problems, you can develop a
strong understanding of heat transfer and its applications in various engineering disciplines. Don't be
afraid to seek out additional resources and practice until you feel comfortable. The journey to
mastering heat transfer is a rewarding one, leading to a deeper understanding of energy transfer and

its influence on the world around us.

FAQs

1. What is the difference between steady-state and transient heat transfer? Steady-state heat
transfer refers to situations where the temperature at any point in the system does not change

over time. Transient heat transfer, on the other hand, involves temperature changes with time.

1. How do | account for different boundary conditions in heat transfer problems? Boundary

conditions specify the temperature or heat flux at the boundaries of a system (e.g., insulated,



constant temperature). These are crucial in solving heat transfer problems and are often

incorporated into the governing equations.

1. What are some common software packages used for solving complex heat transfer problems?
Software packages like ANSYS Fluent, COMSOL Multiphysics, and Abaqus are widely used to
solve complex heat transfer problems, especially those involving computational fluid dynamics

(CFD).

1. What is the significance of thermal conductivity in conduction problems? Thermal conductivity (k)
is a material property representing its ability to conduct heat. Higher k values indicate better heat

conduction.

1. How does the surface area affect convective heat transfer? A larger surface area in contact with
the fluid increases the rate of convective heat transfer because more surface area is available

for heat exchange.

Additional Resources
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