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Estimation of Recession Amount of Nozzle Wall using Coupled Fluid/Thermo-
chemical Approach

by

Yu DAIMON*!, Toru SHIMADA*?, Nobuyuki TSUBOI**, Ryoji TAKAKI**, Kazuhisa FUJITA*®
and Kuniyuki TAKEKAWA*°

Abstract: Evaluation of ablation of nozzle wall in solid rocket motor is studied numerically on three solid
rocket motors. A coupled analysis of fluid dynamics and surface recession simulates a total ablation amount.
The analysis consists of the two-dimensional axisymmetric fluid analysis and the estimation of ablation
amount using a correlation equation of surface recession rate. The simulation results of total surface recession
amount agree qualitatively with experimental results in Nozzle-A case. The numerical simulations estimate the
erosion rate on the safe-side. The effect of shield for reactant gas from nozzle surface reaction is estimated by
a simple model. This model works very well for the agreement to experimental results. However, the parame-
ter of the model has to be decided from experimental data. This model is not sufficient for prediction of
unknown rocket motor. The coupled analysis was performed on Nozzle-B and C cases in order to understand

flow field and erosion mechanism.

Keywords: solid rocket motor, nozzle ablation, numerical simulation
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a = coefficient of shield effect [1/m]
a,, = speed of sound at throat [m/s]

A = area of cross section [m?]

A,, = area of cross section at throat [m?]

o
Il

rate of surface recession [m/s]

D, = rate of surface recession for corrosion [m/s]

D,, = rate of surface recession for mechanical erosion [m/s]
h, = stagnation enthalpy of combustion chamber [J/kg]

M = Mach number
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q = effective mean dynamic pressure [Pa]

q.. = critical value of dynamic pressure [Pa]

gew= heat flux for cold wall [J/m?]

r,, = throat radius [m]

x = axial distance from throat [m]

x, = axial distance from boundary of C/C and CFRP [m]
¢ = shield effect
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