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ABSTRACT

Evaluations were conducted to choose a nozzle material for a small solid rocket motor. The diverging
parts of the nozzle were made of two kinds of composites which are glass and silica/phenolic.
Ground firing tests were conducted for each material. Compared to the silica phenolic, the glass/phenolic
has lower ablation resistance which caused a reduction in thrust and better insulation performance.
The shape information of nozzle diverging parts deformed due to ablation was obtained using the
SAM (Segment Anything Model) which is the foundation model for image segmentation. The validity
of the use of SAM was verified by comparing the information obtained from SAM with results from
measurement by using a vernier caliper. Numerical simulations were conducted by applying the shape
information of nozzles. The result from the numerical simulation for the difference in thrust level

depending on composites was reasonably consistent with the result from the ground firing test.
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Fig. 1 Descriptions for the promptable segmentation.
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Fig. 2 Schematic diagram of the heavy type motor.
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Fig. 4 Configurations of nozzle materials after the
ground firing test. [(a) glass/phenclic, (b) silica/
phenoalic.

Fig. 5 Acquisition procedure for the information of
nozzle diverging parts by using SAM.
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Table 1. Comparison of results from a vernier caliper

and SAM.

Glass/ phenolic Silica/ phenolic
L
(mm) Doear | Doarr | e Dcar | Darr | e

(mm) | (mm) | (%) | (mm) | (mm) | (%)

0 299 | 296 | 1.0 | 298 | 298 0

20 289 | 293 | 14 | 275 | 280 | 1.8

40 269 | 275 | 22| 261 | 260 | 04

60 261 | 263 | 08 | 231 | 233 | 09

80 241 246 | 21 | 215 | 21.7 | 09

100 21.5 220 | 23 | 182 185 | 1.6

120 213 | 21.7 | 19| 169 | 16.7 | 1.2

140 215 | 220 | 23 | 158 | 157 | 0.6

L: distance from nozzle exit

‘Drml: measured diameter from a vernier caliper

DSAJLf measured diameter from SAM
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Fig. 6 Computational domain. (a) glass/phenolic, (b)
silica/phenoalic].
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Table 2. Properties of Burnt gas.

Properties Value
Chamber pressure, P, 80 bar
Chamber temperature, 7, 2890.6 K
Specific Heat, C, 24399 J/kg - K
Molecular weight, A/ 26.522
Viscosity, 9.5293e-05
kg/m - K
Thermal conductivity, &k 0.3303 W/m - K
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Fig. 7 Comparison results of ground firing tests according
to materials for nozzle diverging parts. [(a)
pressure, (b) thrust, (c) temperaturel.
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Fig. 8 Numerical results of the nozzle using glass/
phenolic. [(a) pressure, (b) Mach number, (c)
temperature].
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Fig. 9 Numerical resuits of the nozze using silica/phenalic.
[(@) pressure, (b) Mach number, (c) temperaturel.
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