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Investigation on the Leakage Characteristics of a Novel Helical Damper
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Abstract: For the liquid oxygen turbopump with a front shoulder seal, a novel helical damper seal
with cavities on the stator side and helical grooves on the rotor side is proposed. To study the
influence of high inlet preswirl on the impeller shoulder seal performance, a “double inlet
boundary” numerical model is proposed to simulate the pressure field and the velocity field at the
rotating seal inlet. The reliability and accuracy of the present steady-state numerical method
based on three-dimensional steady Navier-Stokes (RANS) equations are demonstrated for the
prediction of the leakage flow in rotating seals, using the experiment data of an experimental
hole-pattern damper seal and an experimental helical-groove seal with liquid (water) working
fluid. The leakage characteristics of four types of rotating seals are investigated and compared,

including the labyrinth seal, the hole-pattern damper seal, the double helical-groove seal and the
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novel helical damper seal, under six variable load conditions (load rate ¢ =23%, 31%, 54%.,
77%, 100%, 108%) and two inlet pre-swirl ratios (A=0, 0.75). The results are as follows:

compared with the three traditional rotating seals, the present novel helical damper seal possesses

the best sealing performance (a reduction in leakage by 10% — 50%) under all working

conditions, especially under high load rates (higher rotational speed and larger pressure

difference). Moreover, the novel helical damper seal is least sensitive to the change of operating

conditions including the inlet preswirl, the pressure difference and the rotational speed.

Compared with the labyrinth seal, the hole-pattern seal and the double-helical-groove seal, the

novel helical damper seal realizes leakage reduction by 45%, 40% and 29%, respectively under

variable loads from 23% to 108% without preswirl, showing the best adaptability to variable

working conditions. Therefore, the novel helical damper seal is a desirable impeller shoulder seal

for the liquid oxygen turbopump to allow the deep variable thrust operation of engine.

Keywords: liquid oxygen turbopump; helical damper seal; leakage characteristics; variable

condition adaptability
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Fig. 1 The structure diagram of hybrid damper shoulder seal
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Fig. 2 The numerical models and meshes of four seals
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Fig. 3 The structure diagram of the hole and helical groove
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Table 1 Geometrical parameters of four seals
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Table 2 The operating conditions of the front shoulder seal

for turbopump

5 POERE O #E i kg
/MPa /MPa  /(10°r+min ') ¢/%

1 32.5 4.5 42 108

2 30. 2 4.3 39 100

3 17. 2 3.3 30 77

1 10. 8 2.7 21 54

5 6.1 2.2 12 31

6 4.2 1.9 9 23
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Table 3 Numerical method of leakage flow rate prediction
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Fig. 4 The leakage rate versus the amount of grid nodes
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Fig. 6 Leakage of four seals versus load rate (A=0. 75)
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Fig. 7 Leakage of four seals versus load rate (A=0)
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Fig. 8 Velocity contours distributions and flow field on the

meridian plane of three typical cavities for HPS and

HDS seal (4=100%)
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