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Fluid-Solid Coupling Simulation of Ablation Wall Recession
of C/C Composite Nozzle
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Abstract: In order to ensure the reliability of solid rocket motor C/C composites nozzle, a fluid structure
coupling calculation model was established to accurately reflect the ablation process of solid rocket motor nozzle ,
so as to achieve high precision prediction of nozzle ablation rate. Based on the thermochemical ablation theory and
the mass balance and energy balance relationship between the gas and the nozzle structure, a fluid structure cou-
pling method for C/C composites nozzle considering wall retrogression is established and verified. The coupling
among gas flow, heterogeneous chemical reaction and structure heat transfer is realized. The correctness of the
model is verified by the calculation of nozzle ablation and the effects of aluminum content on the ablation rate are
analyzed. The maximum relative error between the ablation rate of numerical simulation and the experimental val-
ue is 4.3%. Compared with the results of the coupling algorithm without considering the wall retrogression, the
calculation accuracy can increase by 46%. The calculation results show that the ablation of C/C nozzle is the most
serious near the throat. The increase of Al content in the propellant leads to the decrease of the concentration of
oxidation components in the gas, thus reducing the ablation rate. These conclusions are consistent with the rele-
vant research results of C/C nozzle ablation.
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Fig. 1 Nozzle geometry (mm)
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Fig. 5 Grid values of y*

Table 2 Calculation results of three sets of grids in throat

ablation rate

Ablation rate/( mm/s)

Number of grids

x=75mm  x=88mm  x=95mm
1050 0.2748 0.3852 0.3409
4200 0.2592 0.3620 0.3242
16800 0.2588 0.3613 0.3317

Experimental rate - 0.3531 -

1 W 5 x=88mm &b , 4200 F1 16800 1Y I 4% 11 8. 4%
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1A, AT LA TR B A Rl 43 dn T 6 BT

Fig. 6 Results of grid partitioning
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Table 3 Density values of three groups of reference 280
experimental materials 275 Original nozzle profile
’ ——— Ablation nozzle profile
Reference experiment pl(glem?)
27.0
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Borie et al.'?" 1.90 i 26.5
N 10221
Evans et al. 1.92 26.0
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308 AR U R L 43 B IR A R SR R 25t . ‘ <
SO o A 308 R R A R AR T R RR voooR e
It B RFE AR RSP COWE 1T, H,0 A1 CO, Fig. 7 Radial distance of nozzle profile
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Table 4 Different experimental conditions of Geisler

Working condition Yeo ¥co, Vil Yu, Yi0 YN, ¥a1,0, p./MPa T /K Al/%
1 0.175 0.040 0.240 0.02 0.145 0.10 0.28 6.9 3580 15
2 0.180 0.025 0.230 0.02 0.105 0.10 0.34 6.9 3655 18
3 0.200 0.015 0.195 0.02 0.070 0.10 0.40 6.9 3715 21
4 0.200 0.005 0.190 0.02 0.045 0.10 0.44 6.9 3750 24
Table 5 Comparison of simulated and experimental results
Working Experimental ablation Ablation rate with moving ~ Relative Ablation rate without Relative Accuracy
condition rate/(mm/s) grid/(mm/s) error/% moving grid/(mm/s) error/% improvement/%
1 0.3531 0.3620 2.52 0.3697 4.70 46.3
2 0.2845 0.2963 4.15 0.2966 4.25 2.5
3 0.2000 0.1928 -3.60 0.2104 5.20 30.8
4 0.1245 0.1257 0.96 0.1226 -1.53 36.8
Table 6 Borie and Evans experimental conditions
Working condition Yeo ¥co, Yua Yu, Yio I, ¥ an0, p./MPa T /K
Borie 5 0.02 0.035 0.17 0.02 0.0725 0.10 0.40 4.90 3390
Evans 6 0.25 0.020 0.20 0.03 0.0600 0.10 0.34 8.13 3500
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Table 7 Comparison of simulation results of Borie and

Evans

Experimental Simulation of

Worki Relati
or .lf1g ablation rate/ ablation rate/ clatve
condition error/%
(mm/s) (mm/s)

Borie 5 0.139 0.135 -2.87
Evans 6 0.084 0.090 7.14
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3400 v x=88mm - v
TR, : —=— 15%Al
3200} —o— 18%Al 104
- : —— 21%Al
3000 —— 24%Al |,
2800 | £
& 2600} =
i 0.2
2400} ;
2200} : o1
2000F e 0 :
1800 S : - : 0.0
0 50 100 150 200 250 300
x/mm

Fig. 8 Wall temperature distribution at different aluminum

contents
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Fig. 9 Calculation result of ablation rate under different

aluminum content
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