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Abstract: To explore the impact of hydrogen blending in natural gas on the dynamic characteristics of
shaft-end dry gas seals (DGS) in pipeline compressors, a three-degree-of-freedom multi-frequency
perturbation unsteady computational fluid dynamics perturbation numerical prediction method for
dynamic characteristics of DGS is proposed. The method’s reliability is verified through experimental
and numerical results. Using this method, the effects of ten disturbance frequencies, four
hydrogen blending ratios, and three inlet pressures on the dynamic characteristic coefficient of
DGS are examined. The results demonstrate that the proposed method accurately predicts the

dynamic characteristic coefficients of DGS under axial and angular multi-frequency perturbations.
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As the disturbance frequency increases, the axial gas film damping and angular direct damping
decrease in a parabolic manner, indicating the gas film’s susceptibility to instability under high-
frequency perturbations. With an escalation in hydrogen blending ratio, the axial gas film
stiffness and angular direct stiffness diminish by 7. 81% to 12. 19% and 6. 66% to 14. 05%.,
respectively, while the axial damping and angular direct damping exhibit minimal changes (<(5%). This
suggests that hydrogen blending in natural gas reduces the gas film’ s capacity to withstand
external axial and angular disturbances, but has a relatively minor impact on its ability to restore
balance and stability. Furthermore, increasing the inlet pressure enhances all dynamic
characteristic coefficients, which is beneficial for the formation of a stable gas film in DGS. This

study provides valuable insights for the reliable design and safe operation of shaft-end DGS in

natural gas pipeline compressors under hydrogen blending conditions.
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blending ratios at inlet pressure of 4 MPa
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