
Introduction

The physical basis of the majority of solutions considered in this book is the notion of
radiation transfer in an absorbing and scattering medium as some macroscopic process,
which can be described by a phenomenological transfer theory and radiative transfer
equation for spectral radiation intensity. It is of great importance that the problems, to
which the radiation transfer theory can be applied, are quite numerous and contain
thermal radiation of various disperse systems. In the book, we use the following main
assumptions concerning disperse system properties and radiative transfer:

• Radiation propagation is more rapid than any change of physical parameters,
therefore the radiation intensity field is quasi-steady;

• Radiative properties of the medium do not depend directly on the radiation inten-
sity, but they vary only with temperature;

• Wave polarization can be ignored in radiative transfer calculations;
• Radiation scattering is not accompanied by any frequency variation.

In many (but not all) cases, we assume also that characteristics of absorption and
scattering of radiation by a small (elementary) volume of the disperse system can be
determined from the properties of single particles regardless of any collective effects.
The last assumption simplifies the problem, and gives also a chance for direct investi-
gation of the medium composition influence on thermal radiation transfer. The restric-
tions occurring from this assumption are usually not as significant, as might seem,
since the assumption about small collective (dependent scattering) effects remains
valid up to a high enough particle concentration.

The radiation transfer theory has been developed by a number of famous scientists
working in the physical optics, astrophysics, nuclear reactor theory, and heat transfer
theory. The mathematical theory was created containing up-to-date analytical and nu-
merical methods. Numerous particular publications dealt with computational methods
applied to radiative transfer problems. Together with the development of the radiation
transfer theory, significant achievements took place in theoretical investigations of par-
ticle radiative properties for various disperse systems. Properties of particles compara-
ble with the wavelength turned out to be diverse and complex. Many applied
investigations and well-known monographs were published on this subject. In order to
solve the practical problems of thermal radiation in disperse systems, one needs to
combine achievements of both the scattering theory and radiation transfer theory. A
reasonable choice of the method for solving the radiative transfer equation depends
upon the medium properties. On the other hand, the requirements for completeness and
accuracy of single particle properties are determined by essential precision of radiation
flux calculations. This was also reflected in the book.

While solving many practical heat transfer problems, one should take into account
not only the thermal radiation but also heat transfer by conduction and convection in
the medium. Most general problems of combined radiative-convective heat transfer are
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very complicated and their solution is possible only by employing approximate compu-
tational models for radiative transfer. Therefore, more attention was given to errors
resulting from these approximate models.

As the measurements of radiative characteristics of diverse dispersed materials are
very important to develop and validate appropriate theoretical models, a special em-
phasis is put on recent overviews of experimental characterization of spectral radiative
properties of disperse systems and comparison between experimental and theoretical
results. The examples of the simultaneous use of both theoretical analysis and experi-
mental identification to understand unusual radiative properties of quite different po-
rous materials of complex morphology are expected to be interesting for potential
readers to know the complete set of tools employed in this field.

It is natural that the choice of material for this book corresponds to the field of
practical work by the authors. The book is divided into four chapters. Chapter 1 deals
with computational models for radiative transfer in disperse systems. The main atten-
tion is given to simple approximate models, both traditional and modified, which have
a clear physical sense and enable one to derive some useful analytical solutions to
classic problems. Computer codes based on these approximate models for radiative
transfer are widely used in engineering practice especially in combined heat transfer
calculations. The error of various approximations is analyzed in some details by com-
parison with exact analytical and numerical solutions. Approximate models presented
in Chapter 1 form a basis of solutions obtained for applied problems considered in the
book. A detailed numerical simulation of radiative transfer using the discrete ordinate
method and the Monte Carlo procedure as applied to disperse systems is also dis-
cussed in this chapter.

Spectral radiative properties of single particles and fibers are considered in some
detail in Chapter 2. The theoretical part of this chapter includes the Mie solution for
homogeneous spherical particles and more general solutions for hollow and core-man-
tled spheres. We give also the known solution for arbitrary illumination of long cylin-
ders. This solution is widely employed in modeling the radiative properties of single
fibers and highly porous fibrous materials. A complete set of equations is presented for
homogeneous, hollow, and two-layered cylinders. The main limiting cases of the gen-
eral theory (the Rayleigh and Rayleigh–Gans scattering, the geometrical optics, and the
anomalous diffraction approximation) are considered in Section 2.2. Absorption and
scattering of the visible, infrared, and microwave radiation by single particles and fi-
bers of various substances are analyzed in Section 2.3. Thermal radiation from non-
isothermal particles and the radiation from a particle to ambient medium through
narrow concentric gap are considered in Sections 2.4 and 2.5. The radiative properties
of polydisperse systems and applicability of monodisperse approximation are discussed
in the last section of Chapter 2.

Chapter 3 presents an engineering approach for both theoretical prediction and ex-
perimental determination of spectral radiative properties of quite different dispersed
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materials containing the morphology elements of arbitrary shape. A general theoretical
basis of radiative properties determination and present-day principles of experimental
characterization with identification procedure are recalled. Physical limitations of inde-
pendent scattering theory are also discussed in this chapter. Experimental and compu-
tational results, approximate theoretical models and engineering estimates important
for potential applications are presented for porous materials such as cellular foams,
fibrous materials, ceramics, polymer coatings containing microspheres, and nanopor-
ous aerogel superinsulations. The materials under investigation can be applied in ad-
vanced energy and combustion systems, such as low-NOx combustion burners, solar
thermal energy systems or specific applications requiring lightness and high insulating
efficiencies. Thus the characterization of radiative properties of such dispersed materi-
als plays an important role in many engineering systems. 

Some radiative and combined heat transfer problems in various disperse systems are
considered in Chapter 4. These problems include the main results for radiation heat
transfer in solid-propellant rocket engines (Section 4.1), the problems of radiative cool-
ing of particle flow in vacuum (Section 4.2), the combined heat transfer in boundary-
layer flows (Section 4.3), the thermal microwave radiation of foam and water sprays
produced by breaking ocean waves (Section 4.4), the radiative-conductive heat transfer
in composite coatings, fibrous materials, and foam insulations (Sections 4.5, 4.6), the
radiative effects in a semi-transparent liquid containing gas bubbles (Section 4.7), the
effects of nonuniform absorption and heating of semi-transparent particles by an exter-
nal radiation (Section 4.8, 4.9), and the thermal radiation modeling in multiphase flows
with high-temperature nonisothermal particles (Sections 4.10 and 4.11).

Chapters 1, 2, and 4 are only partially based on the revised material of the previous
book by Leonid Dombrovsky "Radiation Heat Transfer in Disperse Systems" (Begell
House, New York, 1996). These chapters include some new results obtained in the
period from 1994 to 2010. Sections 1.7 and 4.6.2, which are written by Dominique
Baillis, are also presented in Chapters 1 and 4. As to Chapter 3, it involves mainly a
systematic presentation of the research by a group of Dominique Baillis. Sections 3.6–
3.9 of this chapter are written by Leonid Dombrovsky on the basis of the research
work, which has been done in cooperation with Dominique Baillis and her students.

For a topic which is broad as the one considered in this book, it is very difficult to
be comprehensive. However, we hope that enough key references are cited in the book
to enable an interested reader to undertake a more detailed study of specific thermal
radiation problems in disperse systems.

Leonid Dombrovsky

Dominique Baillis Doermann

Thermal Radiation in Disperse Systems: An Engineering Approach xiii




