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Investigation for working adaptability of floating ring seals

in deep throttling engines

SHEN Wenjin, YE Xiaoqiang
(Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract; According to the demands of the manned space program, the project of the LOX/
CH, engine key techniques needs to be studied for the multi — startup and 10% ~100% deep thrott-
ling capability, whose thrust is 80 kN. The variable thrust adaptability of the floating ring seals in the
engine would affect safety and reliability of the oxygen turbopump assembly as one of the core compo-
nents in rocket engines. In this paper, according to variable thrust requirements of the engine system,
the floating force of the floating ring seals under the conditions of different thrust and eccentricity ratio
is calculated with the numerical method, which is compared with drag force calculated with one-di-
mensional formula. Based on the above measures, the eccentricity ratio (0.4 ~0.6) of the first and
second floating ring seals working at full work conditions, and the leakage rate of 2. 58 ~39. 4 ¢/s are
determined. Working within the range of this eccentricity ratio, the floating ring seals has high relia-
bility and capability of working in changing conditions with a wide range, the rubbing or breaking of

its edge can be avoided, which can satisfy safety requirements of the turbopump and deep throttling
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requirements of the engine. The results could provide a theoretical foundation for turbopump project

approach and design.

Keywords: deep throttling; oxygen turbopump; floating ring seal ; variable thrust adaptability
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Tab.1 Operating parameters of floating ring seal

KB T 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%
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Fig.1 Structure of floating ring seal
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Fig.2 Common structure forms of floating ring seal
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Fig. 3 Force analysis of floating ring seal
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Tab.2 Main structural parameters of the first

and second floating ring seals
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Tab.3 Inlet pressure of floating ring seals

KENPLTI 10% 20% 30%  40%  50% 60%  70% 80%  90%  100%
— MBI AOES/MPa 0.736  1.423  2.098 2.768 3.420 4.082 4.747 5.407 6.068 6.711
TSR ALE S /MPa 0.368  0.712  1.049 1.384 1.710 2.041 2.374 2.704 3.034 3.356
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Tab.4 Calculated results of drag force

KEHPLTH  10%  20%  30%  40%  50%  60%  70%  80%  90%  100%
R A/N 123 255 385 5.4 640 768  89.6 1023 1151 127.5
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Fig. 4 Dynamic pressure distribution on inner surfaces
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of the first and second floating ring seals
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Fig. 5 Static pressure distribution on inner surfaces

of the first and second floating ring seals
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Fig. 6 Lift force and drag force curves of floating ring seals
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Tab.5 Calculated results of lift force of the first floating ring seal N

KIPLTH  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

e=0.1 2.21 4.76 7.04 9.53 12. 07 14. 69 17. 44 20. 19 23.0 25.89
e=0.2 4.41 9.40 14.04 19.07 24.42 29. 64 35.23 40.91 46.70 52.43
e=0.3 6.58 14.13 21.52 29.10 36.84 44.97 53.23 61.73 70. 46 79.29
e=0.4 8.0 17.95 28.48 38.62  49.31 60. 68 71.42 82. 65 94.28 106. 47
e=0.5 1.0  22.86 35.92 48.63 61.87 76.77 89.835 103.67 118.16  133.97
e=0.6 12.50 26.86 42.84 58.13  74.49 91.24 108.46  124.79  142.10 161.79
e=0.7 14.43  30.95 48.24 68.12  87.19 108. 09 127.3 146.01  166.10  189.93
e=0.8 16.90 35.13 56.12 78.6 99. 95 122.32  144.34 167.33 190.16  218.08
e=0.9 18.40 40.40 64.48 89.57 112.79 137.93 160. 6 188.75  214.28  247.17
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Tab. 6 Computed results of lift force of the second floating ring seal N

KHHLTH  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

e=0.1 2.33 5.18 7.74  10.45 13.29 16. 19 19. 18 22.26 25.46 28. 61

e=0.2 4.58 10.18 15.27 20.69  26.26 32.02 37.95 44.02 50. 26 56. 59
e=0.3 6. 80 15.2 22,91 31.16 39.45 48. 09 57.02 66. 14 75.50 85.03
e=0.4 8.99 20.24 30.66 41.86 52.86 64.4 76. 39 88. 62 101.16  113.91
e=0.5 11.15 253  38.52 52.79 66.49 80. 95 96. 06 111.46  127.26  143.25
e=0.6 13.28 30.38 46.49 63.95  80.34 97.74 116.03  134.66 153.78 173.03
e=0.7 15.38 35.48 54.57 75.34 94.41 114.77 136.3 158.22  180.74  203.27
e=0.8 17.45 40.6 62.76 86.96 108.70 132.04 156.87 182.14 208.12 233.95
e=0.9 19.49 45.74 71.06 98.81 123.21 149.55 177.74 206.42 235.94  265.09
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