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Asymmetric Thermal Effect and Temperature Rise
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Abstract: Based on finite element simulation, the friction-heating effect and temperature variations during rub-impact be-
tween blade and casing of rotor were studied. During a single rub-impact process, the asymmetric thermal effect exists due to
the radiant area difference of the blade and the case. During a cycle of blade rotation, there is also an asymmetric thermal
effect during the process due to different rubbing times of the blade and the case. This multiple asymmetric thermal effect
makes the temperature distribution and change curve of the blade tip and the case appear distinct. The temperature rise of
the blade only occurs in the process of rub-impact, and the temperature of the blade continues to decrease due to the convec-
tive heat transfer of air in the remaining time. However, the temperature of the case increases slowly because the case rubs
with different blades, and the temperature drops during the interval time of the casing rubbing with two adjacent blade tips.
Therefore, the temperature rise curve of the case increases in a fluctuating manner.
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Fig. 1 Blade/case rubbing model: (a) physical model, (b) simula-

tion model
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Table 1 Physical properties of titanium alloy

Temperature ~ Density  Specific heat capacity Themal conductivity
/°C /(kg-m?) /(J-K'-ke") /(W-m'-K")
25 4420 546 7.0
200 4395 584 8.75
400 4366 629 11.35
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
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Fig. 2 Temperature distribution of blade/case rub-impact region after the first rub impact: (a) temperature field; full field; (b) enlarged
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Fig. 3 Temperature distribution of blade/case rub-impact region after the second rub impact: (a) enlarged edge temperature distribution

of blade/case rub-impact region, (b) enlarged central section temperature distribution of blade/case rub-impact region, the dis-
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Fig. 4 Temperature distribution of blade/case rub-impact region after different times of rub impact: (a) enlarged edge temperature distribu-

tion of blade/case rub-impact region, (b) enlarged central section temperature distribution of blade/case rub-impact region, the dis-

play area heights for blade and case are both 100 pm
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Fig. 5 Variations of blade tip and casing surface temperature with time in one cycle of rotor rotation: (a) temperature change of blade and casing

during the first rub impact, (b) temperature changes of different blades and the casing during one cycle of rotor rotation
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Fig. 6 Temperature variation of the case during one cycle of rotor rotation; (a) temperature curve, (b) the temperature increment and decre-

ment of the case at every rub impact
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