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Effect of Thermal Radiation on Thermal Insulation Performance of Silica Aerogel Composites

GUO Jianye', CHEN Zhiwu?, SU Lijun', L1 Wenjing'
(1. Research Institute of Aerospace Special Materials and Processing Technology, Beijing 100074, China; 2. The Sixth Representative
Office in Beijing of Rocket Force, Beijing 100074, China)

Abstract: The thermal radiation has an effect on their thermal insulation performance when using silica aerogel composites at a high
temperature. The effect of thermal radiation on the thermal conductivity of acrogel composites was investigated at different pressures
and temperatures to regulate the gas phase heat transfer factors. The results show that the thermal conductivity of aerogel composites
is decreased by 34% when the pressure is decreased from 100kPa to 100 Pa under a weak radiant effect of 100 ‘C, while the thermal
conductivity is decreased by only 3% at 900 ‘C due to the thermal radiation effect. The effect of thermal radiation on the back surface
temperature of aerogel composites was also investigated by a heat transfer model at different back surface temperatures. It is indicated
that when the radiation heat transfer condition increases from 37 C to 535°C, the temperature increase of the back of material model
increases from 0 ‘C to 178 C after removing the radiation heat transfer load between the back of the material model and environment.
The temperature increase of the back of material model increases from 10 ‘C to 65 C after removing the convection heat transfer
load.
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Table 1 Room Temperature Thermal Conductivity of
Aerogel Composites after Heat Treatment

Heat treatment temperature/C Thermal conductivity/(W-m™"-K™")

Before heat treatment 0.021
900 0.021

1 000 0.022

1100 0.022

(a) Before heat treatment

(b) After heat treatment

BlS #9900 CABHT S M2 MBS AL
Fig. 5 Macro morphology of samples before and after heat
treatment at 900 ‘C
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Table 2 Thermal conductivity of aerogel composites under
different pressures at 100 C
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Fig. 7 Back surface temperature rise curves of experiment and
simulation using different convection coefficients
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Table 4 Input Values of Physical Parameters for Heat Transfer Simulation of Aerogel Composites

. Thermal conductivity/ Specific heat capacity/ Density/ Convective heat transfer coefficient/ Lo
Temperature/'C — R 3 — Emissivity
(Wm K") Jkg K (grem™) (Wm K
25 0.020
100 0.023
300 0.027
1080 0.34 4 0.54
500 0.040
700 0.057
900 0.089
| 50
No convection
40
Radiation and convection
O
3 301 No radiation
E
I
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g 20
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10 r
36.84 L
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0 1 1 1 1 1
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Fig. 8 Cloud image of temperature field distribution of low Fig. 9 Back surface temperature rise curves under low

temperature radiation

temperature radiation (30 mm thick)
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