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A chemical ablation analysis of hypersonic missile for thermal protection design was performed using SAMCEF
AMARYLLIS V.17, the specific ablation module of commercial software based on a finite element code. The pyrolysis and
surface recession models based on the effects of mass loss, pore gas diffusion, and endothermic reaction energy were
applied for non-linearity of material and boundary. The numerical studies were carried out to confirm the tendency of the
pyrolysis and chemical ablation of theoretical ablative composite for open testing (TACOT) with a chemical composition
similar to charring carbon/phenolic composites. The frequency of variation in surface recession, temperature, density and
gas mass flux was reviewed to determine the characteristics of multiple decomposition reactions and oxidation via pyrolysis

of gas species.

NOMENCLATURE

B = Non-dimensional surface recession [-]
h = Enthalpy [J/kg]

p = Pressure [Pa]

g = Heat flux [W/m?]

R = Real gas constant [8.314 J/mol-k]

S = Surface recession [mm]

= Exchange coefficient [kg/m?-s]

y= Gas diffusion coefficient [(kg'm)/(N"s)]
x = Thermal conductivity [W/m-k]

6 = Temperature [K]

p = Density [kg/m®]
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Fig. 2 Surface energy balance
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Fig. 4 2D Pyrolysis and ablation model

Table 1 Material Properties of TACOT

Value .
Property Virgin, v Char, ¢ Unit
Density, p 280 220 Kg/m®
Porosity, ¢ 0.8 0.85 -
Permeability, 1.6x10"  2.0x10™" -
Reaction order, n 3 -
Reaction rate constant, 4 1.2E x 10* /s
Activation energy, E, 71,134.58 J/mol
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Fig. 7 Density contour for 2D numerical model
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