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Development of a High-Emissivity Glass Ceramics and
Spectroscopic and Numerical Evaluations of Its Performance
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Abstract

A newly developed high-emissivity glass ceramics, which contains B,Si fine particles uniformly
dispersed in SiO,-B,0; matrix glass, stably keeps the high emissivity over 0.8 even under the high
temperature over 1500 K. Thermal resistivity of a refractory tile is improved by coating the material on its
surface, because the heat release from the surface due to radiative heat transfer can be enhanced and the
heat invasion into the tile due to conductive heat transfer can be lowered. Spectroscopic measurements by
two-color pyrometry and numerical simulations were performed to evaluate the thermal performances of
the material. The coating surface was heated with a small flame, steady 2-D radiant intensity was
measured and temperature distributions on the surface were estimated by two-color thermometry. By the
numerical simulations, furthermore, unsteady 3-D temperature distribution and convective, conductive
and radiative heat fluxes were calculated to examine the thermal barrier effect of the coating surface. As a
result, it was clarified that the high-emissivity glass ceramics had the thermal performances enough to
apply for thermal barrier system of the Japanese Space Shuttle: HOPE-X.

Key Words: High-Emissivity Glass Ceramics, Refractory Tile, Radiative Heat Transfer, Two-Color
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Fig. 1 Convective, conductive and radiative heat
fluxes on surface of refractory tile
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Fig. 2 Microscopic structure of high-emissivity
glass ceramics
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Fig. 4 SEM photographs of refractory tile and
high-emissivity glass ceramics
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Fig. 5 Refractory examination
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Fig. 6 Experimental apparatus for two-color pyrometry

Table 1 Conditions of CCD camera

Focal distance [m] 700 % 107
Exposure time [s] 1.0
Optical filter

Center wavelength [nm] 700 /900

Bandpass [nm] 220/ 240

Transmittance [%] 80/ 80
ND filter

Transmittance [%] 0.04/0.12
Efficiency [%] 36.8/25.6
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Fig. 7 Analytical model for numerical
simulation
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Table 2 Properties of refractory tile and high-emissivity glass ceramics ( T=297-1473K )

High-emissivity glass

Refractory tile

ceramics
Thermal conductivity [W/(m*K)] 1.17—4.31 0.057—0.186
Specific heat capacity [J/(kg-K)]  0.783—3.765 X 10°  0.741—1.218 X10°
Mass density [kg/m’] 2.118 x10°  0.103 X 10°
Contraction rate — 0.04
(1523K, S times) [%]
Thermal expansion rate — 2.14 X107
(surface inside) [1/K]
(surface outside) [1/K] — 1.75 X107
Mechanical strength — 8.4 X 10°
(inside tension) [N/m?]
(outside tension) [N/m’] — 42 X 10°
(outside compression) [N/m?] — 3.1 X 10°
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Fig. 8 Radiation spectrum of high-emissivity
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Fig. 9 Radiation intensity distrtbutions on coating
surface of refractory tile (experimental t=600 s)
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Fig. 10 Temperature distributions on coating surface
of refractory tile (experimental t=600 s)
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Fig. 11 Temperature distributions on coating surface
and in longitudinal cross-section of refractory
tile ( numerical simulation, t=300 s )
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Fig. 12 Temporal changes in temperature and heat
fluxes at origin on coating surface of
refractory tile (numerical simulation )

Table 3 Temporal changes in temperature and heat
fluxes at origin on coating surface of
refractory tile (numerical simulation )

time(s] TI[K] qconv[W/m2] qrad[W/m2] QGcond[W/m2]

High-emissivity x10° x10° x10¢ x10¢
glass ceramics 30 15 30 24 059
Matrix
. 30 1.9 1.6 0.72 0.89
Initial Condition
0 0.30 0.0 0.0 0.0
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Fig. 13 Emissivity dependence of temperature and heat

fluxes at origin on coating surface of refractory
tile (numerical simulation, t=300 s )
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