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Experimental research about thermal insulation performance of various
powder insulation methods
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Abstract: This paper presents apparent thermal
conductivity of various powder at different vacuum
levels for cryogenic insulation. Four kinds of powder
insulator are examined by using boil-off calorimetry
at pressure range from 50 Torr to 3 mTorr. The
first material is perlite which is widely used in
cryogenic application. Microsphere is the second one
that is recently proposed as a replacement powder
for liquid hydrogen storage tanks. It is a hollow
sphere made of silica with the diameter in the order
of 10 to 100 um. Popped rice and polystyrene beads
are also selected as candidates for powder insulation
even though they are polymers. With their porous
elliptic and spherical configuration and light density,
they demonstrate fairly good thermal insulation
performance at pressure range from 50 Torr to 3
mTorr. According to the experimental investigation
in this paper, microsphere and polystyrene beads
possess promising insulation characteristic as
powder insulators and further study is desired.

Key Words: powder insulation,
thermal conductivity, microsphere,
popped-rice, polystyrene bead.
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Fig. 1. Experimental apparatus structure.
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Table 1. Characteristics of Powder insulator.

Perlite Microsphere EPS beads Popped-rice
Shape Porousstllir;egularly Hollow sphere Porous sphere Porous spheroid
; 510z (75%) Soda lime_ borosilicate ;
Material ALOs (15%) Polystyrene Rice starch
Particle size 90 65 1 mm 11x6x4 mm
(average) nm Hm (100 pm, pore) (200 ym.pore)
Bulk density 55 kg/m® 73 kg/m® 43 kg/m® 61 kg/m®
Baking out 200 °C 200 °C 75 °C 120 °C
temperature
Water mass content 6.4 % 3.9 % 1.7 % 215 %
Note - 3M, K1 product - -
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Table 2. Experimental results of each powder insulators at various pressure.

* P Pressure (Torr)
ket Effective thermal conductivity (W/mK)

Microsphere Polystyrene beads Popped rice Perlite

P Kett P Kett P Kett P Kett
75 27.10 50 21.11 54 393 50 34.06
10 23.87 14 20.55 10 37.02 10 30.3
1 14.33 14 18.30 26 31.92 1 19.79
011 5.32 0.1 10.33 0.1 25.32 0.1 8.69
0.0084 2.22 0.011 493 0.01 12.87 0.01 3.74

0.0028 1.83 0.0031 251 0.0035 8.1 0.0032 25
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