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1) Development a new and flexible tool in order to check
out transient numerical computations testing of heat
transfer equation of ablative material.

2) Implement COMSOL software modules (Heat
Transfer and ALE) in order to solve the heat transfer
equation of non pyrolitic material (such as C/C).
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Graphite and carbon-carbon composites have
excellent thermal and physical properties as well
as low densities, are widely used as materials for
rocket nozzles.

One of the serious problems is the erosion of the
rocket nozzle material. The nozzle is exposed to
the hot propellant combustion products which
form a turbulent boundary-layer over the nozzle
surface. The hot products transfer energy to the
nozzle wall, causing the surface temperature to
rise.
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Ragini A. & Kuo, K.K., Effect of Pressure and
Propellant Composition on Graphite Rocket Nozzle
Erosion Rate, Journal of Propulsion and Power, Vol.
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The heat conduction equation within the solid

18- oT, 0°T, . ax
For a coordinate system x-0-y moving with the
melting front. t
X'=X+ I vdt
0 )2(

Thus, in a reference frame that moves with the
regressing surface, the solid phase heat
conduction equation become:

S 0°T, OT, JraS(p()re_asX )3(
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(1.a) Boundary and Initial Conditions

The boundary condition of Eq. (3) are:
T,(x =0,t)=T,

T, (X —> oo,t) =T, )4(
The initial condition of Eq. (3) is:
T,(x,t=0)=T, )5(

The solution of the heat conduction equation is
split into two parts:

T, (x,t)=0,(x)+0,(x,1) )6(
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1) Solution of the Steady-State heat conduction
equation

2) Solution of the Transient conduction equation.
a) Derivation of homogeneous conduction
equation by using exponential transformation

b) Solution of the homogeneous heat transfer
equation by using Green function.

3) Combination of the Steady state and Transient
solutions.

7 i RSD - Rocket Systems Division



§ Israel Military lndustrig'ss%L; (T i i

4 .¢c) Temperature Distribution
The temperature distribution is given by:
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.2) Modeling Regressmg Surface with COMSOL

This model demonstrates the use of the Moving
Mesh (ALE) application mode.

. Thermophysical Properties of the C/C and Silica
Glass (backup material) used 1n the calculations.

Thermal Heat Capacity Density
Conductivity

31.5 [W/(mK)] |2,093 [J/kg K] 1,900 [kg/m”3]

1.38 [W/(mK)] | 703 [J/kg K] |2,203 [kg/m"3]
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_omparison Between Analytical and
COMSOL Numerical Results
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Borie, V., Brulard, J., & Lengelle, G., Aerothermochemical
Analysis of Carbon- Carbon Nozzle Regression in Solid-
Propellant Rocket Motors, Journal of Propulsion, 5, No. 6,
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perature field and erosion of nozzle
throat material after firing
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“Concluding Remarks

* A preliminary transient model was developed to

describe the spatial temperature distribution inside
C/C.

* Solution of the heat conduction equation in the
material is split up into steady state solution and
transient solution .The transient solution is based on
Green functions. A heat flux profile of general spatial
shape may be employed in the model.

e The COMSOL numerical results of the present
model compare favorably with Analytical results.
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* Solving the diffusion and Energy equation of gaseous
oxidizing species by using Chemical Engineering
Module.

* Calculation of the ablation heat flux at the receding
surface.

e Calculation of gaseous pressure buildup in the
backup phenolic material as a result of it’s
decomposition.
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Thank You for Your Attention

Questions?
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