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ABSTRACT

A great deal of difficulty is encountered in the thermo-mechanical analyses of nozzle assemblies for
solid propellant rocket motors. The main issue in this paper is the modeling of the boundary
conditions and the connections between the various components-gaps, relative movements of the
components, contacts, friction, etc. This paper evaluates the complex phenomena of nozzle assemblies
during burning time with co-simulations that include fluid, thermal surface reaction/ablation, and
structural analysis. The validity of this approach is verified via comparison of analysis results with

measured strains.
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Fig. 1 The complex physical phenomena in solid
rocket motor{1].
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Fig. 2 Nozzle assembly & measured points.

Table 1. The material & manufacture process for
components.

Parts Materials & Process
Carbon/Carbon(NPCC¥)
Exit cone Insulator|Carbon/Phenolic(T/W 20°**)
Entrance insulation| Carbon/Phenolic(CM***)

AISI 4130

*Needle-punched CarbonCarbon, **Tape-wrapping,
***Chop Molding

Throat insert

Housing
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Table 2. Mechnical & Themal properties (207C).

Fig. 3 Nozzle assey after firing test. Mechanical properties | Thermal properties
E & Specific
Parts ivi p
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Fig. 4 Measured strain data.

*across laminar, **with laminar, ***thickness,
R iso, ¥ Yield strength
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Fig. 5 Boundary & load conditions.
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Fig. 6 Flow diagram.
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for gap constitutive equation,

Ifd = d"+i, aterationi,then

d. =d"+i, imposedat erationi+1
else no constraintis imposed, (1)
then applying gap conductance
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