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Fig. 1. Schematic diagram of the model of friction between rotor and stator.
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Fig. 2. Curves of heat generation in 7-() diagram.
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Table 1. Thermal property parameters of materials.
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LN 4500 493 33 4.2 44.5 17.8 0.52
RHBLZ 5600 560 — — 0.62 —

£2 BURKORIIAL AL 1

Table 2.  Initial boundary conditions of the model.
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Xof 7 JEE 45 U BRI IRD (a) 0.05 s; (b) 0.10 s; (c) 0.15 s; (d) 0.20 s; () 0.25 s; (f) 0.5 s

Fig. 4. In-situ observation of friction ignition process under critical condition (I, mirror image of ignition of reaction zone; II, spark
of micro-bump near the centre hole of reaction zone): (a) 0.05 s, (b) 0.10 s, (¢) 0.15 s, (d) 0.20 s, (e) 0.25 s, (f) 0.5 s after the rub-

bing ends.
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Fig. 5. (a) Effect of B on T,; (b) effect of B on T-Qg diagram.
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Fig. 6. (a) Effect of Fon T,; (b) effect of Bon T,,.
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Fig. 8. Effects of oxygen concentrations on T,.
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LG ARB ] (a) 0.15s; (b) 0.25s; (¢) 0.5s; (d) 1.0°s
Fig. 9. In-situ observation of friction ignition reaction zone:

(a) 0.15s, (b) 0.25s, (¢) 0.5s, (d) 1.0 s after the rubbing
ends.
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Fig. 10. Effects of flow velocities on T,.
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Fig. 11. Flow velocity-oxygen concentration critical condi-
tion of titanium alloy.
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Fig. 12. Flow velocity-oxygen concentration critical condi-

tion of titanium alloy with flame retardant layer.
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Fig. 13. Effect of friction contact radius on T,.
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Fig. 14. Flow chart of simulation.
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Fig. 15. Temperature field of back surface of titanium alloy stator with flame retardant layer.
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Fig. 16. Temperature history of back surface and contact

surface of titanium alloy stator with flame retardant layer.
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Fig. 17. Temperature history of back surface and contact

surface of titanium alloy stator without flame retardant layer.
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Fig. 18. Difference in temperature between friction contact
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Abstract

Combustion of titanium alloy is a typical catastrophic failure of modern aeroengine. The abnormal friction
between compressor rotor and stator is the main ignition source. A thermal theory model with friction heat
source of titanium alloy is established based on the theory of heterogeneous ignition. The corresponding
equation of critical temperature and ignition delay time are derived. The difference between the frictional
ignition model and the classic model is discussed. The concept of critical heat generation temperature is
proposed. The difference from the heterogeneous ignition model, and the effects of friction coefficient, oxygen
concentration, flow velocity, contact radius and flame retardant layer thickness on the ignition parameters are
analyzed. The research result shows that when the instantaneous temperature of the contact surface is lower
than the critical heat temperature, the heat generation process is dominated by frictional heat, and when the
temperature is higher than the critical heat temperature, the heat generation process is dominated by chemical
reaction heat, that reducing the coefficient of friction can dramatically increase the critical temperature, but the
change of friction coefficient has very little effect on the ignition delay time which can be ignored, that the
critical temperature decreases significantly with the increase of oxygen concentration and the decrease of flow
velocity. When the oxygen concentration increases from 21% to 42% and the flow velocity decreases from 310 m/s
to 50 m/s, the critical temperature decreases by about 213 K and 197 K, respectively. The relative error
between the experimental result and the theoretical result is 8.3%, which verifies the reliability of the model.
The contact area has an effect on friction heat generation, reaction heat generation, and surface heat
dissipation, and has a great influence on the critical temperature. The critical temperature decreases
exponentially with contact radius increasing. When the contact radius increases to 0.007 m, the ignition
temperature of the titanium alloy and its flame retardant layer are 899 K and 988 K, respectively. The increase
of the thickness of flame retardant layer can effectively improve the critical temperature and ignition delay
time. The critical temperature of titanium alloy with flame retardant layer is increased by about 172 K, and the

ignition delay time is increased by about 3 s.

Keywords: titanium alloy, ignition model with friction, heterogeneous reaction, fireproof
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