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Thermal Diffusivity Measurement of Carbor/Epoxy and Porous Thermal Insulation
Material under Vacuum Condition Using Cyclic Heating Method

Gi-Won Nam’, Cheol-Won Kong™*, Yeong-Moo Yi~, and Akira Ohnishi~

ABSTRACT

Cyclic heating method is useful method for measuring the thermal diffusivity of porous materials. The main
object of this paper is to develop and verify the thermal diffusivity measuring system of porous materials under
vacuum condition. To verify this method, thermal diffusivities of the alumina (Al.Os) specimen and polystyrene
foam were measured. Thermal diffusivities of these specimens were agreed with reference values. Thermal
diffusivities of carbon/epoxy and porous insulation material were measured at atmospheric room temperature
condition and vacuum condition respectively. Thermal diffusivities of carbon/epoxy and porous insulation
material under vacuum are reduced by 66.4% and 64.9% compared to the thermal diffusivities under the
atmospheric condition. These differences are considered the effect of the porous insulation material with an air.
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Fig. 2 Cross Section of SP#2.
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Fig. 3 Sample Configuration of Thermal Diffusivity Measurement.
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Fig. 5 Schematic Diagram of Measurement Device.
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Table 1 Material Properties of Al,O; Specimen

Value Measurement method
Density 3.92 g/lcm® Archimedes
Hardness 1600 HV 10 Test load 10 kgf
Thermal
conductivity 300 W/mK Laser Flash
Component  (wt %)
AlOs > 99.7
: MgO < 0.1 . .
Purity Si0, < 04 Spectroscopic analysis
Na,O < 0.05
Fe, 03 < 0.02
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Table 2 Comparison of Measurement Value and Reference Value
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Fig. 7 Thermal Diffusivities of SP#1.
Table 3 Thermal Diffusivities of SP#1
25°C Atmospheric Condition | 31°C Vacuum Condition
Thermal 7,2 8 2
diffusivity 1.31x10" m‘/s 4.40x10° m“/s
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Table 4 Test Results of SP#2
Temperature Atmospheric condition
Max. 2.60x107 m?/s
25 °C : 7 2
(298K) Min. 2.47x10" m“/s
Avg. 2.52x107 m?/s
Vacuum condition
Temperature (7.5x10° torr)
Max. 8.96x10° m?/s
25 °C : 8 2
(298K) Min. 8.74x10™ m°/s
Avg. 8.88x10° m%/s
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Fig. 9 Comparison of Test Results and Calculated Results.

Table 5 Material Properties for Kunii’s Law

Parameter Value
o (kg/m?) 3132
e 0.6749

€ 0.1(assumed value)
dp (M) 5x10°
Cp(kJ/kg-K) 1256
As (W/m-K) 0.298
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