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Thermo-Elastic Analysis of the Spatially Reinforced Composite Nozzle
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Abstract

This paper predicts the material properties of spatially reinforced composites (SRC) and analyzes the
thermo-elastic behavior of a kick motor nozzle manufactured from that material. To find the appropriate
SRC structure for the nozzle throat that satisfies given design conditions, the equivalent material
properties of the SRC are predicted using the superposition method for those of rod and matrix.
Studied are the elastic behavior, temperature distribution, and thermo-elastic behavior of a kick motor
nozzle composed of carbon/carbon SRC as a throat part. The elastic deformation of the nozzle
composed of 3D carbon/carbon SRC shows asymmetry in a circumferential direction. However, 4D
carbon/carbon SRC nozzle shows uniform deformation in the circumferential direction. Stress
concentration in connecting parts of the kick motor nozzle is ultimately high due to the high
temperature gradient in each connecting part. The thermo-elastic deformations of both the 3D and the
4D SRC nozzles are uniform in the circumferential direction due to the isotropy of CTE of each SRC.
The deformation of the 3D SRC nozzle is a slightly smaller than that of the 4D SRC nozzle in the
nozzle throat, which is favorably effective on rocket thrust. The circumferential stress is the most
critical component of the kick motor nozzle. The 4D SRC nozzle having 1,1,1,1.7 diameters in each
direction has the smallest circumferential stress among several SRC nozzles.
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Fig. 1 Unit cell of the 3-D SRC.
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Fig. 2 Unit cell of the 4-D SRC.
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Table 1 Material properties of the carbon

rod.

Symbol Carbon rod
E,, (GPa) 146.6
Ey,, E3, (GPa) 8.23
Guzy, Gy, (GPa) 3.85
Gy, (GPa) 2.97
Vizes Vidr 0.251
by, (W/mK) 14.02
kg, (W/mK) 5916
@, (X107 C) -0.959
a5, (X10°/° C) 8.764
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Fig. 3 Shape and constituent

materials of a kick motor nozzle.
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Fig. 4 Wall pressure distribution along

the nozzle axis.
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nozzle axis.



Cyclic Symumetric B.C

4D SRC : Quasi-Isotropic

Fig. 6 Cyclic symmetric boundary

condition.

Table 2 Material properties of the C/C part

of the nozzle.

Property Unit C/C(3D) C/C(4D)
Rod diameter mm 1, 1,1 1, 1, 1,1
E\=E, GPa 34.42 24.60
E; GPa 34.42 30.65
Gz GPa 2.552 9.17
Gi=Gyn GPa 2.552 248
14V) 0.0830 0.341
V= vy 0.0830 0.0664
b=k, W/mK 13.96 1445
ks W/mK 13.96 14.14
= ay *10°/°C 4.76 458
a3 *10°/°C 476 497
C, JkgK 1153 1159
o kg/m’ 1514 1507
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Fig. 8 Deformed shape of the 4D SRC.
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Fig. 9 Deformed shape of the 4D SRC.
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Fig. 10 Stress distribution of the 3D

SRC nozzle in the circum. direction.
8.47+2
7.09+2
57142
4.33+2

2.95+2

E
157427
18941

11942 ]
-1.88+2

Max. : 847 (MPa)

Min. : - 188 (MPa)

Rod diameters : 1,1,1,1 mm Unit : MPa

Max. : 789 (MPa)

Min. : - 238 (MPa,

Rod diameters : 1,1,1,1.7 mm Unit: MPa

Fig. 11 Stress distribution of the 4D

SRC nozzle in the circum. direction.
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