
Radiation Heat Transfer Modelling With
Computational Fluid Dynamics
Radiation heat transfer plays a crucial role in various engineering and
scientific applications, ranging from power generation to microelectronics.
Accurately modeling and predicting radiation heat transfer phenomena is
essential for designing and optimizing thermal systems. Computational fluid
dynamics (CFD) has emerged as a powerful tool for solving complex
radiation heat transfer problems.
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This article provides a comprehensive overview of radiation heat transfer
modeling with CFD. We will explore the fundamental principles, numerical
methods, and best practices involved in this advanced technique. By
understanding the principles and applications of CFD in radiation heat
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transfer, engineers and scientists can harness its capabilities to solve
challenging thermal engineering problems.

Fundamentals of Radiation Heat Transfer

Radiation heat transfer is the transfer of thermal energy through
electromagnetic radiation. It occurs when a body emits or absorbs radiant
energy. The rate at which a body emits radiation is determined by its
temperature and emissivity, while the rate of absorption is determined by its
absorptivity.

Radiative heat transfer can be classified into three main types: blackbody
radiation, graybody radiation, and selective radiation. Blackbody radiation is
emitted by an ideal body that absorbs all incident radiation and emits
radiation in all directions. Graybody radiation is emitted by a body that
absorbs and emits radiation at all wavelengths but has an emissivity less
than 1. Selective radiation is emitted by a body that absorbs and emits
radiation at specific wavelengths or wavelength bands.

Numerical Methods for Radiation Heat Transfer Modeling

CFD simulations of radiation heat transfer involve solving the radiative
transport equation (RTE),which describes the conservation of radiant
energy in a medium. The RTE is a complex integro-differential equation
that requires specialized numerical methods for its solution.

The most common numerical methods for solving the RTE are:

Finite volume method (FVM): The FVM discretizes the computational
domain into a finite number of control volumes and solves the RTE on
each control volume.



Discrete ordinates method (DOM): The DOM represents the radiant
intensity as a finite set of discrete ordinates (directions) and solves the
RTE along these ordinates.

Monte Carlo method (MCM): The MCM uses random sampling to
simulate the transport of photons through the medium.

CFD Simulation of Radiation Heat Transfer

CFD simulations of radiation heat transfer involve the following steps:

1. Geometry and mesh generation: The first step is to create a
geometric model of the system under consideration and generate a
mesh for the computational domain.

2. Governing equations and boundary conditions: The next step is to
define the governing equations (including the RTE) and boundary
conditions for the simulation.

3. Solution algorithm: The appropriate numerical method for solving the
RTE is selected and implemented.

4. Post-processing: The simulation results are post-processed to
visualize and analyze the radiation heat transfer phenomena.

Applications of Radiation Heat Transfer Modeling in CFD

CFD modeling of radiation heat transfer has a wide range of applications in
engineering and scientific fields, including:

Power generation: Modeling heat transfer in combustion chambers,
boilers, and heat exchangers.



Microelectronics: Predicting heat dissipation in electronic devices
and optimizing cooling systems.

Materials processing: Simulating heat transfer in furnaces, kilns, and
other industrial processes.

Environmental engineering: Modeling radiative heat transfer in
buildings, solar collectors, and atmospheric simulations.

Best Practices for CFD Modeling of Radiation Heat Transfer

To obtain accurate and reliable results from CFD simulations of radiation
heat transfer, it is important to follow certain best practices:

Grid independence study: Conduct a grid independence study to
ensure that the solution is not sensitive to the mesh size.

Appropriate boundary conditions: Specify correct boundary
conditions to accurately represent the physical system.

Suitable radiation model: Choose an appropriate radiation model
that captures the dominant radiation heat transfer mechanisms.

Validation and verification: Validate and verify the simulation results
against experimental data or analytical solutions.

Radiation heat transfer modeling with CFD provides a powerful tool for
solving complex thermal engineering problems. By understanding the
principles and applications of this technique, engineers and scientists can
harness its capabilities to optimize thermal systems and advance the
frontiers of engineering and science.



With the continuous advancements in computational power and modeling
techniques, CFD simulations of radiation heat transfer will continue to play
an increasingly important role in the design and optimization of thermal
systems across a wide range of industries and applications.
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Pearl Harbor: The Day That Changed World
History
On December 7, 1941, Japan launched a surprise attack on the United
States naval base at Pearl Harbor in Honolulu, Hawaii. The attack
resulted in...
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