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ABSTRACT

The thermal response of carbon/phenolic used in a solid rocket nozzle liner was analyzed. In this
paper, the numerical analysis of the thermal response of carbon/phenolic consists of (1) the integration
equation of the boundary layer to obtain the convective heat transfer coefficient of the combustion gas on
the rocket nozzle wall and (2) 1-D finite difference method for heat conduction of carbon/phenolic to
calculate the ablation, char, and temperature. The calculated result was compared with the result of a
blast-tube-type test motor. It is found that the calculated result shows good agreement with the thermal

response of the test motor, except at the vicinity of the throat insert.
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Table 1. Material properties of Carbon/Phenolic and
pyrolysis gas.

ey |y | b | b
&K | Wm-K) | W/m-K)
50 750 0.99 1.77
200 1,120 1.09 2.09
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Fig. 6 Grids in solid rocket nozzle.
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Fig. 7 Schematic of solid rocket nozzle.
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Table 2. Mole  fraction  of
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oxidizing
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Mole fraction of Oxidizing
Species(%) Aluminum(wt. %)
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13.0 1.2 19.0
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Table 3. Results of ablation thickness and char depth @— Crar(Caiculation)
: B— Ablation(Calculation)
(normalized value). Char(Test motor)
= = = Ablation(Tesl motor) =
Measured Predicted Measured Predicted % =
Po Ablation Ablation Char Char t .= E & - |
Thickness Thickness depth depth . Y d ;
1 0.0 1.0 4.0 32 (a) Entrance (b) Blast tube (e} Exit cone
2 0.3 11 34 3.2
3 1.1 14 2.6 3.1
4 2.0 2.7 3.6 2.3
5 18 2.7 3.6 23
6 1.8 2.7 2.9 2.1
7 1.9 2.6 2.6 21
8 2.0 25 2.6 22
9 1.6 25 3.1 22
10 27 32 40 1.9 (a) Entrance
11 05 1.9 6.6 24
12 0.6 1.3 3.2 2.7 1 T
R -5 = = pr
13 0.3 09 3.1 2.7 3 7 T > =
14 0.0 05 31 2.9 10
15 0.0 0.3 2.5 2.8 (b) Blast Tube
16 0.0 0.2 3.0 2.7
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, Fig. 8 Results of thermal response : (a) Entrance,
54 E (b) Blast tube, (c) Exit cone.
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