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Abstract

In this work published mathematical models describing heat transfer mechanisms
through porous materials were analyzed and compared respectively fitted to
measured thermal conductivities of three different free flowing vacuum insulation
materials. These materials were coarse grained and fine grained expanded perlite
and opacified fumed silica. The models described in [2, 4, 7, 9] showed good results
in terms of predictability and deviation from the measurements,

P Introduction

Free-flowing vacuum thermal insulation materials can be utilized where rigid and
vacuum tight walls surround the insulation volume, which can stand the forces
induced by the vacuum pressure, Utilizing free-flowing materials, a smaller mass of
thermal insulation material is needed compared to compressed thermal insulation
materials with higher bulk densities, as e.g. used in vacuum insulation panels.

In this paper some results of the analysis of different mathematical models,
describing the different heat transfer mechanisms through porous media are
presented. These models were analyzed with regard to their suitability to describe
the heat transfer mechanisms in free-flowing expanded perlites and opacified
fumed silica by comparing the calculation results with measured values determined
by the author and from available measurement results described in the literature.

The aim of this work is to identify respectively develop a mathematical model that
can determine the ideal mixture of different thermal insulation materials for a
certain application, depending on temperature, vacu-um pressure and bulk density.
This mathematical model will also be applied to design the thermal insulation for
an ultra-high temperature energy store within the research project "AMADEUS',
supported by the European Union (s. Acknowledgements).

D Investigated Models and Materials

A widespread method to describe the effective thermal
conductivity Ngg [W/(mK)] of porous media is the superposition
of thermal conductivities representing the occurring heat transfer
mechanisms (s. Eq.1).

Aeif = Ag + hs+ Ar + Ao (Eq. 1)

with:

Ag Thermal conductivity representing the heat transfer through
the gas phase [W/(mK)]

N\g Thermal conductivity representing the heat transfer through
the solid phase [W/(mK)]

N, Thermal conductivity representing the heat transfer by thermal
radiation [W/(m«K)]

\. Thermal conductivity representing the heat transfer by coupling
effect [W/(mK)]

Investigated models:

The following list shows sources of some of the most promising
models investigated:

> Thermal conduction through gas: [1], [2], [3], [4]

> Thermal conduction through solid: [5], [6], [7]

> Heat transfer by thermal radiation: [8], [9]

> Coupling effect: [4]

Thermal Insulation Materials:

The insulation materials used to analyze the mathe-matical models
were coarse grained expanded perlite (cep), s. Fig. 1, measured values
from [10], fine grained expanded perlite (fep), s. Fig. 2, measured by
the author and opacified fumed silica (ofs), s. Fig. 3, measured values
from [11]. Relevant material properties are listed in Table 1.

Fig. 1

Fig. 2

Fine grained expanded perlite (fep) 113



Fig. 3
Opacified fumed silica (ofs) [11]

P Results and discussions

To examine the capability of the different models to predict the
effective thermal conductivity of the three investigated ther-
mal insulation materials, the results of the calculations are com-
pared with measured data. These measured data of the effec-
tive thermal conductivities are either determined by the author
or taken from [10] and [11]. The models described in [2] for the
heat transfer in gas phase, in [7] for the heat transfer in solid
phase and in [9] for the heat transfer by thermal radiation show
the best results compared to the other investigated models.
The coupling effect was modeled according to [4]. The models
for the heat transfer in the solid phase and the coupling effect
contain adjustment parameters that cannot be determined by
material properties. Thus, these models are not predictive. These
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Fig. 4
Results of measurements and calculations for cep at 53°C

Conclusions and outlook

. Rosseland mean
Material n:za;n[s;r]e buli;‘:‘a?'ty extinction coefficient
[m?kg]
cep 44 76 [4] 43 [4]
fep 30 183 43
ofs 13 [11] 45 [11] 90 [11]
Tab. 1

Some relevant material properties of the investigated
thermal insulation material

parameters were determined by fitting to the measured thermal
conductivities at the highest and lowest air pressure. The results
of measurements and calculations are shown in fig. 4 for cep and
in fig. 5 for fep.

With the models described above, the measured values can be
reproduced very precisely. The highest deviations occur between
1 and 10 mbar, at the highest slope of the curve. This could be
explained with inaccuracies of the pore size determination or the
model for the heat transfer in the gas phase. The influence of the
coupling effect is higher for fep compared to cep due to the smal-
ler grain sizes and thus more contact spots where the coupling
effect can occur.
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Fig. 5
Results of measurements and calculations for fep at 48°C

The selected models suitably quantify the heat transfer mechanisms in free-flowing vacuum thermal insulation materials. Howe-

ver, it is necessary to find measurable or predictable parameters to create predictive models for the heat transfers through the

solid phase and for the coupling effect.
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