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Abstract: To suppress the heat generation mechanisms in rotor-bearing systems and clarify the
temperature distribution characteristics of the journal under different whirl conditions, a method
to analyze thermal effect of rotor-bearing system considering synchronous whirling of journal was
proposed in this paper. Based on the thermal effect analysis model, a user-defined function was
developed in C+ —+ to incorporate the temperature-viscosity model. The unsteady dynamic mesh
updating approach based on structured grids was used, enabling automatic iteration of the journal

center during synchronous whirling. The effectiveness of the proposed mathematical model and
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solution method were verified by validation through case studies and comparison with Kucinschi’s
experimental results. The influence of eccentricity, synchronous whirl frequency, and whirl amplitude on
the circumferential temperature and pressure distribution characteristics of the journal was studied under
three different whirling orbits. The results show that with a fixed eccentricity of 0. 5 and an increase in
synchronous whirl frequency from 50 Hz to 200 Hz, the maximum circumferential temperature
difference was observed under a straight-line orbit, with the maximum relative deviations from
the circular and elliptical orbits reaching 11.51% and 14.01% , respectively and that with a fixed
synchronous whirl frequency of 159. 17 Hz and an increase in the eccentricity from 0.1 to 0. 5, the
maximum circumferential temperature difference was again observed under the straight-line orbit,
with relative deviations from the circular and elliptical orbits ranging from 10% to 25%. A phase
difference was observed between the circumferential temperature distribution and the oil film
viscous shear force distribution of the journal. This study can provide a theoretical reference for
suppressing rotor thermal-induced synchronous vibration instability.

Keywords: heat generation mechanism; whirling orbit; temperature distribution; pressure distribution
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Table 1 Basic parameters of sliding bearings

#0242 /mm 25
KA PR ¢/ mm 0.05
R K B/ mm 25
A K E/ mm 13.75
WG /) 30
K98 /mm 25
i 0> € 0.5
s f /(9 49. 8
T MR BB/ (Pa s s) 0.0125
-8 % 0.0055
T ¥l & B/ (kg + m ) 876
HE3h FE 7 /kPa 103
P/ (r e min ") 9550
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Fig. 3 Transient rotor-bearing system calculation flowchart
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Table 2 Maximum pressure and bearing capacity of oil film

under different grid quantities

W 4 % WA KB I /MPa 7R 2R 1 /N
953 724 1.721 1069
163 825 2.079 1152
300 254 2.191 1154
360 058 2.315 1155
409 524 2.318 1155
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Table 3 Maximum pressure and bearing capacity of oil film

under different time steps

i ) 25/ ms MR KL S /MPa IR E J /N
5.0 RH RH
2.0 2.252 1152
0.5 2.279 1154
0.3 2.310 1155
0.1 2.311 1155
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Fig. 5 Journal temperature cloud map (w=9 550 r/min, e=0.5)
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