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Life prediction of liquid recket engine thrust chamber liner wall
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Abstract: To understand the failure mechanism and predict the life of thrust chamber
liner wall, fluid-thermo-structural coupled numerical simulation was carried out for the
thrust chamber. The thermal and mechanical loading of thermo-structural coupled analysis
were provided by fluid-thermal coupled analysis; for thermo-structural coupled model, a
two-dimensional plane strain finite element analysis of the nonlinear deformation of the
thrust chamber liner wall was performed. Through computation, the stress-strain distribu-
tion of thrust chamber liner wall at different stages of each cycle and the deformation process
under cyclic loading were obtained, and a post processing method is applied to predict the life
of the thrust chamber liner wall. The results show the fluid-structural coupled method can
accurately carry out the loading data exchange from fluid-thermo coupled module to thermo-
structureal coupled module and provide the accurate boundary conditions for structural

analysis. The liner wall is under tensile stress during the pre-cooling, post-cooling and relax-
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tion phases, while under compression stress during the hot run phase. The residual stress

and strain are increasing with the operate cycle increasing. The cyclic thermal and mechanical

loading cause the liner wall to bulge and thin, and finally lead to the failure of the cooling

channel. The analysis model is able to simulate the deformation of the thrust chamber liner

wall under cyclic thermo and mechanical loading and predict the cycle life.
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Fig. 1 Temperature distribution of thrust
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Fig. 2 Computational domain and model
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Fig. 4 Stress distribution of thrust chamber liner wall
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Fig. 5 Strain distribution of thrust chamber liner wall
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Fig. 6 Stress-strain curves during one cycle
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B A C i D & E A&
n Dt/ Diaer/ Do/ Dt/ Do D/ Dt/ Diaer/ Do/ Dt/ Do Do/
10°° 10°° 10°° 10°° 10°° 10°° 10°° 10°° 10°° 10°°
1 6.01 3.08 9.10 5. 43 0 5. 43 7.0 5.53 12.54  11.93 0 11.93
2 8. 00 3.13  20.22 6.31 0 11.70 12. 4 5.00 30.00  13.50 0 25.43
3 7.20 3.06  30.48 5. 80 0 17.50 11.5 4.94 46.40  12.40 0 37. 86
4 8. 85 3.40  42.70 7.07 0 24. 60 15.8 4. 80 67.06  13.50 0 51. 36
5 8.93 3.61  55.30 7.23 0 31. 80 16.9 4.92 88.90  13.80 0 65. 20
6 6.08 2.94  64.30 4.95 0 36. 80 9.05 4.77 102.00  10.70 0 75.90
7 6. 89 2.90  74.10 5. 40 0 42. 20 12.3 4.35 119.30  10.90 0 86. 80
8 7.92 3.18  85.20 6. 30 0 48. 50 15.2 4.32  138.90 11.50 0 98. 20
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