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NUMERICAL SIMULATION OF EFFECT OF

SOLID ROCKET MOTOR INSULATION
DEFECT ON GRAIN BURNING

Yang Juan He Hongqing
(Coll. of Astronautics, Northwestern Polytechnical Univ. , Xi'an, 710072)
Tian Weiping Lai Ping’an
(Shaanxi Inst. of Power Mechinery, Xi'an. 710000)

Abstract: When there is defect in the stress release boot of motor insulation , the burning surface
profile will deviate from the design, and so does the internal ballistic property. The range of original
general coordinate program was expanded and the calculation methods of new geometric figures were
added in order to simulate the insulation defect on the burning surface. The improved general coordi-
nate program can be used to calculate the burning surface with or without insulation defect. According
to the defects. we build up and calculate three burning models of insulation defects, and analyze the
effect of model catalog.structure and position dimension on the burning surface . which provids the ba-
sis for the property analysis of motor with insulation defect.

Subject terms: Solid propellant rocket engine. Propellant grain, Heat insolation layer. Defect.
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Fig. 1 Oblique rounding
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Fig. 2 Cone model (model | )
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(a) Cross profile  (b) Profile in s direction (1, 2 0)

Fig. 3 Rounding model (model 1 )
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Fig. 4 Rectangle model (model 1I )
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Fig. 5 The calculation result

of burning area
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Table 1 The calculation resules of model 1

Rq/cm 40 50 60 70 80
Front & (¥%) | 0.046 | 0.095 | 0.096 | 0.059 | 0. 060
defect | &, (%) |0.306 | 0.865 | 0.077 | 0.113 | 0. 608
Back & (%) | 0.135|0.101 | 0.087 | 0.080 | 0.093
defect Bw (%) |—0-108—0. 108—0. 1cL8§—0. 298—0. 285

Ri—The distance between the center of insulation defect

figure and motor axis.
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Table 2 The calculation results of the model I and model 1l
Model Model 1 Model 1
Ri/em 30 30
a/em (a=b) 4 8 12 16 20 4 8 12 16 20
Front & (%) 0. 03 0.01 0.79 0.20 | 0.21 0.07 | 0.00 | 0.06
defect Om (U) G 87 0.56 0.77 0. 08 1. 24 1.17 | —1.90 | —0.25
Ry/cm 40 40
a/em (a=b) 4 8 12 16 20 1 8 12 16 20
Fronit 8 (M) 0. 01 0.02 0.43 1. 14 2. 01 0. 01 0.02 0.03 0. 90 1.55
defect Sm (%) 0.51 0.25 | 0.05 | —0.45| —0.32| 0.46 | —0.28 | —0.72| 0.07 | 0.28
Back 8 (U 1.13 1. 31 0.26 | 0.32 0.30 | 0.18 0. 28
defect O (U) —0.17 | —0.13 | —0.06 | —0.10 | —0.13 | —0.18 | —0.27
Ry/em 50 50
a/em (a=b) 4 8 12 16 20 4 8 12 16 20
Frotit & (%) 0.16 | 0.49 1.13 2.36 | 3.22 0.02 | 0.24 1.12 | 0.47 3,21
defect Om (%) 0.36 | 0.15 0.03 | —0.02|—0.62| 0.30 | 0.29 0.22 | 0.96 1. X7
Back 8 (%) 0.42 0.73 1.59 2.8 0.11 0.07 0.42 1.47 3.19
defect S (%) —0.10 | —0.17 | —0.24 | —0.36 | —0.06 | —0.10 | —0.22 | —0.24 | —0.14
Ry/cm 60 60
a/em (a=b) 4 8 12 16 20 4 8 12 16 20
Front 8 (%) 0.15 | 0.47 | 0.94 1.92 3. 60 0. 14 0. 35 0.78 1.93 3.75
defect Om (%) | —0.03| —0.08 | —0.14 | —0.20 | 0.27 0.36 | —0.20| —0.16 | 0.72 | —0.38
Back o (Y 0.17 0.49 1.15 2.20 4.22 0.08 0.38 1. 46 2. 95 5. 70
defect Om (%) | —0.10| —0.18 | —0.25 | —0.15 | —0.52 | —0.11 | —0.27 | —0.29 | —0.09 | —0.48
Ri/em 70 70
a/em (a=b) 4 8 12 16 20 4 8 12 16 20
Front & (%) 0.17 | 0.48 1.23 2 ¥l 3.91 0.09 | 0.40 1. 27 2.:21 4.22
defect Om (%) 0. 22 0.21 0. 36 0.93 0. 52 0.04 | —0.24| 0.40 | —0.63 | —0.70
Back 8 (%) 0.16 | 0.49 1.15 2.20 | 4.46 0.13 | 0.51 1.23 | 2.49 5.10
defect om (%) | —0.22|—0.19 | —0.38 | —0.44 | —0.39 | —0.18 | —0.01 | —0.09 | —0.19 | —0.12
Ri/em 80 80
a/em (a=b) 4 8 12 16 20 4 8 12 16 20
Front 8 (%) 0.17 | 0.53 % i 2 %1 4.33 0.09 | 0.50 1. 29 2. 54 4.71
defect O (U) 0.49 0.76 1. 02 1. 05 0.88 | —0.70 | —0.96 | —1.00 | —0.96 | —0.68
Back & (%) 0.16 | 0.51 1.14 2.20 | 3.39 0.13 | 0.55 1.27 2.52 3.70
defect Om (%) | —0.39|—0.52 | —0.58 | —0.59 | —0.68 | —0.09 | —0.09 | —0.10 | —0.10 | —0.12
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3 CONCLUSION

The author took an experimental annular com- (59
bustor as an example, calculated the predicted RT'DF 16} = Experimental data - Prediction
varied with combustor air excess coefficient  0.12}

. L ) 2 oo o L J U

a. Comparison between prediction and experimental = 0.08f
data shown good agreement, as shown in Fig. 3. 0-““"

(1) The main factor affecting RT'DF from annu- 00620 3.0 4'_0 S0 60 10 80

a

lar combustors is liner cooling air.

(2) With available test data, it shown that the ) ) )
Fig. 3 Comparison of experimental

model proposed in the present paper can give a good
¢! propos present pap give a4 g data and predictions
prediction of the RT'DF. Thus it provides a useful

quantitative design tool for combustor engineers.

REFERENCES

1 Irvine T F, Hartent J P. Advanced in heat transfer. Academic Press, 1971, 17: 336

2 Juhasz A ], March J. Combustor liner film cooling in the presence of high freestream turbulence. NASA
TND-6360, 1971.

3 Cox G B Jr. An analytical model for predicting exit temperature profile from gas turbine engine annular com-
bustors. AIAA 75-1307

4 Harris G L. The turbulent wall jet in a moving stream. in recent developments in boundary layer
research. AD-711656

5 Kruka V, Eskinazi S. The wall jet in a moving stream. ] Fluid Mech, 1964, 20. 555~579



