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A bulk ablation model considering insulator expansion phenomenon

WANG Shuxian', XU Yihua®
(1.School of Aircraft Engineering, Xi’an Aeronautical University, Xi’an 710077, P R.China;
2. School of Aircraft Engineering, Nanchang Hangkong University, Nanchang 330063, P.R.China)

Abstract: According to the experimental phenomenon that carbon layer thickness is greater than the
insulator matrix loss thickness, a bulk ablation model considering insulator expansion phenomenon with
double regions is established. It’ s believed that expansion is produced during pyrolysis process and the
formation rate of carbon layer is 2 times faster than the lapse rate of matrix. At each time step. the
interface position of carbon layer and the matrix is determined according to the relationship between local
temperature and insulator pyrolysis temperature, and the method of remeshing and data exchange coupling
calculation are developed at the same time. The ablation rate and carbon layer porous structure obtained by
the double regions bulk ablation model agree well with the experimental results, which proves that the
model can basically describe the ablation details of EPDM (ethylene-propylene-diene monomer) insulator.
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Table 1 Ablation experimental conditions and the ablation rate, carbon layer thickness

%> JEGR/MPa  BRASHEE/(m» s7")  TAERE/s SRAEBEMmA/ (mm « s7) BRARE/mm LHMAE/(mm « s71)

1 4.5 0.8 6.7 0.063 1.48 —0.131
2 4.5 20.0 6.7 0.127 1.47 —0.092
3 4.4 60.0 6.7 0.133 1.04 —0.022
4 4.1 90.0 6.8 0.190 0.60 0.103

5 5.8 0.8 14.1 0.069 1.05 —0.080
6 5.8 20.0 14.1 0.109 1.38 0.011

7 6.8 0.6 6.4 0.108 1.10 —0.064
8 6.8 15.0 6.4 0.120 1.70 —0.140
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Fig. 1 Insulator surface and the carbon layer surface
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Fig. 2 Ablation model
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Fig. 3 Interface mesh changing
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Fig. 4 Calculation process
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Fig. 5 Charring ablation rate vs. time Fig. 6 Carbon layer thickness vs. time
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