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Thermomechanical Coupled Analysis of Carbon/phenolic Composite Structures
in Reentry Environments
Myeong Jin Son' and Eui Sup Shin®

Department of Aerospace Engineering, Chonbuk National University
ABSTRACT

In this paper, thermomechanical coupled analysis of carbon/phenolic composites structures in
reentry environment was performed. The interface of thermomechanical coupled analysis was
constructed using commercial software. The governing equations of temperature and displacement
fields were considered to simulate change of physical behavior due to pyrolysis and ablation
effects. The results of thermomechanical coupled analysis were compared with the results of
ablation test using arc-heated wind tunnel. Also, the structural stability of reentry capsule was
analyzed using the analysis interface. The excellent ablation characteristics and thermal protection
effects of the carbon/phenolic composites were confirmed and the constructed analysis interface
can be effectively used to perform thermal protection system design.
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Fig. 2. Carbon/phenolic composites properties:
(a) Elastic moduli, and (b) thermal
conductivity

Table 1. Carbon/phenolic material properties

Property Value Unit
Virgin Density, p, 1,650 kg/m?®
Char Density, p. 1,400 kg/m?®

I
I
I
I
! I
recession rate expansion I 1st 261x10° 1/s
I Frequency Factor, A
I 2nd | 1.08x10" 1/s
SAM_SUP Interface I 1st 3 -
I Order of Reaction, n
Transient Analysis : 2nd 3 B
(Supervisor) I 1st 71.134 kd/mol
nodal position, temperature, ) Activation Energy, E,
internal pressure, density I 2nd 139.938 kJ/mol
L ——---== e —————— - Virgin Porosity, ¢, 0.001 -
@ Virgin Permeability, S, 1.52x107" m?
surface recession, thermal stress, Gas Molecular Mass. M 18.35 ka/mol
’ g -

temperature, pressure, density

Fig. 1. Flow chart of thermomechanical coupled
analysis using Samcef

Dynamic Viscosity, g 7.98x10°° Pa's

Heat of Pyrolysis, Huo 4.65x10° J/kg
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Fig. 3. Thermomechanical coupled model:
(a) In-depth model, and (b) geometrical
model

Fig. 4. Application Model: reentry capsule
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