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Abstract

Since glass microsphere has high crush strength, low density and small particle size, it becomes alternative thermal insulation
material for cryogenic systems, such as storage and transportation tank for cryogenic fluids. Although many experiments have been
performed to verify the effective thermal conductivity of microsphere, prediction by calculation is still inaccurate due to the
complicated geometries, including wide range of powder diameter distribution and different pore sizes. The accurate effective
thermal conductivity model for microsphere is discussed in this paper. There are four mechanisms which contribute to the heat
transfer of the evacuated powder: gaseous conduction (k,), solid conduction (k;), radiation (k;) and thermal contact (k.). Among
these components, k, and k, were calculated by Zehner and Schlunder model (1970). Other component values for k. and k, which
were obtained from experimental data under high vacuum conditions were added. In this research paper, the geometry of
microsphere was simplified as a homogeneous solid sphere. The calculation results were compared with previous experimental data
by R. Wawryk (1988), H. S. Kim (2010) and the experiment of this paper to show good agreement within error of 46%, 4.6% and 17

% for each result.
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Fig. 1. Experimental apparatus for microspherer thermal
insulaton performance test.
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TABLE 1
MICROSPHERE CHARACTERISTICS.
R. Warwyk H. S. Kim This paper
. . Soda lime Soda lime
0,
Material 810, 36% borosilicate glass borosilicate glass
Average temperature (K) 187 182.5 189
Microsphere apparent density (kg/m3) 390 125 200
Bulk density (kg/m?) 168 64 108
Average particle size (um) 95 65 55
Porosity 0.57 0.488 0.46
d, 8 d, & A7 AF 871e 94 dx §7)° 0.030
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Fig. 4. The relationship of deformation factor and bulk
density.
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