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Axial Vibration Dynamic Stability Analysis of Rotor-Bearing-Dry
Gas Sealing System

ZHANG Weizheng XUE Jianxiong LI Jinxiao DING Xuexing
( College of Petrochemical Engineering Lanzhou University of Technology Lanzhou Gansu 730050 China)

Abstract: Based on the nonlinear vibration principle the axial vibration dynamic model of the rotor-bearing-dry gas seal
system was established. The influence of spiral angle and spiral groove depth on system stability was analyzed and the
results were compared with those obtained by only considering the dry gas seal system. In specific conditions the axial non—
linear gas film stiffness and damping was calculated and fitted by substituting it into the free vibration equation a three
order nonlinear double freedom forced vibration differential equation was obtained. The Runge-Kutta method was used to
solve the equations and the effect of the spiral angle on the vibration displacement of static ring was analyzed. The results
show that the vibration displacement of the static ring is decreased first and then increased with the increasing of the spiral
angle( from 76. 5° to 80.0°) When the spiral angle id 78.50° the vibration value is the smallest the maximum amplitude
is 7 wm and the maximum vibration velocity is 25 wm/s. In the dry gas seal system considering the influence of rotor and
bearing the influence of spiral angle on the vibration of static ring is more significant. Changing the spiral angle can adjust
and reduce the amplitude of the seal ring while changing the spiral groove depth has little effect on the vibration amplitude
of the static ring. The research shows that the vibration displacement of the seal ring can be minimized by properly increas—
ing the helical angle ( from 0.5° to 0.6°) thus ensuring the stable operation of the dry gas seal system.
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Fig 4 Variation of film stiffness with spiral angle and vibration Fig 5 Variation of film damping with spiral angle and vibration
displacement of the stationary ring displacement of the stationary ring
3.2 165 mm 122 mm,
D, =122 mm 0.6 MPa p; =0.101
D, =159 mm D =122 mm; 3 MPa n =16 500 r/min h =3.47
N=16 2h, =8 pm a=77.92°; pmeo 1
163 mm 112 mm;
1
Table 1  Parameter values of the system
m, kg m, 'kg m, /kg C,/(Nes*m™) Kl/(N'p,m’l) K3/(N'pm’1)
0.722 60 50.940 048 0.457 01 5.852 64 x 10° 274.4 400
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Fig 6 The time history diagram and phase diagram under single degree of freedom at the spiral angle a =77.92°
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Fig 7 The time history diagram and phase diagram under two degrees of freedom at the spiral angle o =77. 92°
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Fig 8 Time history diagram and phase orbit diagram at different spiral angle angles under double degrees of freedom
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Fig 10 Time history diagram and phase diagram of different depths
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