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Abstract: In order to evaluate the effect of high inlet pre-swirl on dynamic seal performance, a
“virtual bypass boundary” calculation model was established to simulate the pressure field and ve-
locity field at the inlet of dynamic seal simultaneously, and a numerical prediction method for un-
steady fluid excitation of the dynamic seal was proposed. Focusing on the front shoulder seal of
centrifugal impeller for a liquid oxygen turbopump, the seal design, performance comparison and
rotordynamic adaptability of the labyrinth seal, honeycomb damper seal and hole-pattern damper
seal were studied in this paper. The performance of three rotating seal schemes under rated oper-
ating conditions of the liquid oxygen turbopump was compared, and the leakage and rotordynamic
characteristics coefficients of the hole-pattern damper seal were calculated and analyzed under six

variable thrust loads (10%—100%) and high inlet pre-swirl conditions (pre-swirl ratio of 0. 77).
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The results show that: Compared with the labyrinth seal, the honeycomb and hole-pattern damp-
er seals possess better sealing performance (leakage rate decreases by 17.9% and 17.5%, respec-
tively) and rotordynamic performance (effective damping increases by 180% and 87 % at synchro-
nous frequency, and the crossover frequency decreases from 661 Hz to 287 Hz and 275 Hz, re-
spectively) under rated operating conditions; under the engine deep variable thrust conditions,
the hole-pattern damper seal possesses larger effective damping at synchronous frequency; under
the influence of high inlet pre-swirl, the crossover frequency of effective damping increases signif-
icantly with the increase of thrust load (from 50 Hz to 430 Hz), which reduces the vibration sup-
pression frequency range provided by the seal with positive damping; under high thrust condi-
tions, the rotor stability can be improved by setting anti-swirl plate and other anti-swirl devices at
the seal inlet to reduce pre-swirl.
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Fig. 1 Shoulder seal for liquid oxygen turbopump cen-
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Table 1 Geometry parameters of front shoulder seal
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Fig. 2 The structure diagram of front shoulder hole-pattern

damper seal
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Table 2 Geometrical parameters of three seals
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Fig. 3 The structure diagram of labyrinth seal

. N=704
0 Al D=1.4mm

|I Omm 07 mm
S| (R

4 (SLAD FHJE % B LA 4544

Fig. 4 The structure diagram of damper seal (hole-pattern)
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Fig. 5 The numerical model and meshes of labyrinth seal
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Fig. 6 The numerical model and meshes of damper seal

(hole-pattern)
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Table 3 Numerical method of predicted leakage and rotordy-
namic coefficients for seal
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Table 4 The operating conditions of front shoulder seal

Gufar kb /i 101/ HOWER HOFE/ fEHE/
% MPa R/ (mes ) MPa (re+min ")
100 19.113 114 3.408  45400.8
70 10. 961 85 2.304 33673.1
50 6.792 65 1. 688 25904.0
30 3.643 45 1. 196 17 989. 1
20 2.393 35 0.952 13 868.1
10 1.353 25 0.721 9618.4
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Fig. 7 Single-frequency elliptical-orbit rotor whirling model
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Table 5 Rotor multi-frequency whirling model parameters

for variable operating conditions

i L/ % iR ZR AR/ He WK /s
Wi/ He
100 756. 68 40(N=20) 0.5x10""
70 561. 22 40(N=16) 0.5%x10""
50 431.73 40(N=12) 0.5X107"
30 299. 82 20(N=16) 0.5x10*
20 231. 14 20(N=14) 1.0Xx10""
10 160. 31 20(N=12) 1.0X10"
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Fig. 8 Predicted leakage and experimental results

versus rotational speed for hole-pattern seal
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and experimental results versus rotational speed

for hole-pattern seal
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Table 6 Effective stiffness of three seals
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& 5t
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O.—
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300 8.576 11.651 14. 456 Fig. 10 Effective stiffness versus frequency for three seals
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Fig. 11 Effective damping versus frequency for three seals
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