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Abstract: To analyze the blade/case rub-friction process of aero-engine, a blade/case rub-friction model is established
based on the finite element method, and the ultra-transient friction heat effect at the interface under a single rub is studied.
The influence of grid size and time step on simulation results during rub-impact simulation is explored and analyzed. It is
found that the ultra-transient heat transfer occurs only in a small range of blade tip due to the high friction speed and short
rubbing time between blade and casing. At the same time, the friction heat generated by rubbing is transferred by the order
of molecular size in space dimension. During model building, grid size and time step have a significant influence on simula-
tion results. Therefore, by optimizing the grid size and time step in the modeling process, a correct modeling method that
can accurately reflect the ultra-transient characteristics of the temperature micro-zone is obtained. The influence of grid size
matching with time step on micro-zone super-transient behavior is clarified, which establishes the foundation for the model of
blade-case rub-impact friction.
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Table 1 Physical properties of titanium alloy

. Specific heat Heat
Temperature Density ) .
3 capacity conductivity
/C /(kg +m™) -1 -1 -1 -1
/()K" +kg7) /(W-m -K)

25 4420 546 7.0
200 4395 584 8.8
400 4366 629 11.4
600 4336 673 14.2
800 4309 714 17.8
995 4282 753 22.7
1200 4252 678 22.9
1400 4225 714 24.6
1600 4198 750 27.0
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Fig. 1 Blade/case rubbing model; (a) physical model, (b) simulation model
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Fig. 2 Simulation results of tip temperature field under different grid sizes

after the first friction (the height of the display area is 900 um)
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Fig. 3 Simulation results of tip temperature field under different grid sizes
after the first friction (the height of the display area is 90 pum):
(a) 100 pm, (b) 50 pm, (c¢) 20 wm, (d) 10 pm, (e)
5pum, (f) 1 pm, (g) 500 nm, (h) 50 nm, (i) 5nm
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Fig. 4 Error analysis of the influence of grid sizes on the maximum tip
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friction, (a~{f) is the temperature distribution of leaf tip with
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