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a b s t r a c t

In this work, we present a simulation methodology for studying heat transfer in multi-component fibrous
media. Our simulation method is designed for high-porosity insulation media with air as the interstitial
fluid where conduction through the solid structure is minimal. We obtain the resistance of fibrous media
to radiative heat via a simulation method that incorporates both the microscale (fiber-level) and macro-
scale (media-level) properties of the constituent materials. We then combine this information with that
obtained analytically for the conduction heat transfer through the media. The method presented here
allows one to obtain quantitative predictions for the performance of media made up of different combi-
nations of fibers with different materials or dimensions. For validation purposes, we simulated the exper-
iment of Houston and Korpela [28] which was conducted for glass fiber insulations, and observed good
agreement between the measurements and our predictions. For further demonstration, insulation media
made up of glass and mineral wools fibers with different mass fractions and fiber diameters are simulated
in blend and layered configurations and compared with each other. It was found that layered and blended
fibrous multi-component insulations exhibit similar performance. It was also found that the stacking
sequence does not affect the thermal resistance of layered media for the range of parameters studied
here, in agreement with previous studies.
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1. Introduction

Heat insulation is the process of blocking transfer of thermal
energy between objects at different temperatures. Heat transfer
occurs due conduction, convection, or radiation as well as any
combination of these three mechanisms. Conduction can be re-
duced by eliminating the physical contact between the objects.
Convection can be suppressed by suppressing the fluid motion
(via friction, for instance), and radiation can be minimized by min-
imizing the view factor between the surfaces. Fibrous insulations
can reduce conductive and radiative heat transfer between sur-
faces. More importantly, they can efficiently eradicate convective
mode of heat transfer for most applications, thanks to the signifi-
cant friction that is caused by their constituent fibers against nat-
ural convection [1].

Contribution of conduction or radiation to the overall rate of
heat transfer through a fibrous medium can vary depending on
the physical properties of the fibers and the operating temperature
of the surfaces. In addition, for choosing a suitable insulation

material for a given application, one has to consider many other
factors such as the available space between the walls or the struc-
tural stability of the media for the given environment etc. There-
fore, it is important to be able to custom-design optimal fibrous
insulations for different applications. For such a design process to
be effective, it must be based on a mathematical platform that
provides quantitative predictions of the contribution of each and
every microstructural parameter of a fibrous medium to its heat
insulation performance. While the physics of heat transfer in por-
ous media has been studied in numerous studies in the past [1–5],
an accurate, but yet computationally-affordable, method for design
and optimization of a multi-component fibrous insulation has not
been proposed yet. In this concern, we have developed a flexible
simulation method for studying heat transfer in fibrous media.
With our method, both microscale (fiber-level) and macroscale
(media-level) properties are incorporated in the calculations. The
method also allows simulating the performance of media made
up of different combinations of fibers with different material prop-
erties or dimensions.

In the next section, we first present a quick overview of the
modes of heat transfer in a fibrous insulation and some of the
popular methods for studying them. We discuss our numerical
simulation method in Section 3, and following that we present
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