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Abstract: To predict the leakage and rotordynamic characteristics of pocket damper seals (PDS)
quickly and accurately, a two-control-volume (CV) Bulk Flow model and numerical method are
proposed for the prediction of the rotordynamic characteristics of pocket damper seals, and the
calculation program is also developed. This new model is expected to solve the problems of the
traditional one-control-volume Bulk Flow model, such as the low accuracy and the inability to
predict cross-coupled coefficients. Firstly, based on the boundary layer theory, each pocket
cavity of the pocket damper seal is divided into two control volumes, and the continuity
equations, circumferential momentum equations, and energy equations are derived for the two
control volumes. Swamee-Jain and Takahashi formulas are introduced to calculate the
circumferential friction between the fluid and the wall and between the fluid and the fluid.

Secondly, Newton-Raphson method and perturbation analysis method are used to solve the
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zeroth-order and first-order governing equations, and the stiffness and damping rotordynamic
characteristic coefficients are obtained. Then, the accuracy and reliability of the proposed model
and method are verified by comparing with the experimental data of leakage and dynamic
characteristic coefficients of pocket damper seals, along with the numeric results of the one-
control-volume Bulk Flow model and the unsteady CFD (Computational Fluid Dynamics).
Finally, the influences of rotor speed (10 000, 15 000, and 20 000 r/min) and inlet preswirl ratio
(0.067, 0.724, and 0. 997) on the dynamic characteristics of pocket damper seals are calculated
and analyzed. Results show that the model and method proposed have the advantages of fast
calculation speed and high prediction accuracy (leakage prediction error less than 6%, and
dynamic coefficients prediction error less than 38%); The increasing rotor speed and inlet

preswirl result in a significant decrease in the effective damping and an obvious increase in the

crossover frequency, increasing the serious risk of rotor instability.

Keywords: pocket damper seals;
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Fig. 1 Three-dimensional schematic diagram of the
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Fig. 3 Scheme of the flow path for pocket damper

seals on circumferential section
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Table 1 Geometrical parameters of the tested pocket damper
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Fig. 7 Geometry and operating conditions of the pocket

damper test seal
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Fig. 14 Rotordynamic coefficients versus vibration frequency at different preswirl ratio
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