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Abstract: A revised Bulk-Flow model and the quasi-steady CFD method were adopted to investigate
the rotordynamic characteristics of a turbopump floating ring seal under large eccentricities and disturb-
ances. The precision and reliability of these two methods were verified by the seal test data and the varia-
tion of the rotordynamic characteristics of the seal under different eccentricities and disturbances were ob-
tained. Results show that the revised Bulk-Flow model and the CFD method can effectively predict the ro-
tordynamic coefficients of seals and the CFD method presents better accuracy. For high-pressure-speed
turbopumps, the stiffness introduced by a floating ring seal is comparable to the stiffness of the rolling
bearing, thus the influence of the seal on rotor dynamic characteristics should not be ignored. The rotordy-

namic coefficients increase significantly under large eccentricities while the complex nonlinear relationship
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is depicted between these coefficients and large disturbances.

Keywords : turbopump ; seal; large eccentricity; large disturbance; Bulk-Flow; computational fluid

dynamics; dynamic characteristics
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Fig. 1 Geometric structure of annular seal
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Fig. 2 Structural diagram of the floating ring seal
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Tab.1 Geometry size and operating parameters of the test seal

Kjt/mm Bf/mm CERARB/mm 8/ (kg - mT)  BEE/(Pa-s)  BEE/pm BELIEJS/MPa 1R Ji/MPa

20 48 0.15 1 000 0.895x10°° 18 000 0.73 0.1
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Tab.2 Comparison of different simulation results

25 K/(N-m™) E/(N-m™) C/(N+s m') ¢(N-s-m") M/kg
R e 6.22 x 10° 1.49 x10° 3.76 x 10* 1.00 x 10* 82.10
B ek AT 12 3.62 x10° 1.07 x10° 2.17 x 10* 3.91 x10° 23.20
BUHEERRAS Ty 12 3.63x10° 1.13 x10° 3.00 x 10* 5.50 x 10° 42.30
BRS T 3.72 x10° 1.08 x 10° 3.18 x 10* 8.44 x 10° 82.10

ARSI IE 3.61 x10° 1.14 x 10° 3.25 x10* 8.40 x 10° 84.73
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Tab.3 Comparison between numerical and experimental test

25 K/(N-+m™") E/(N-m™) C/(N-s-m™") ¢(N-s-m™") Q/(kg - m™)
RG24 R 1.327 x 10° 1.788 x 10° 2563 869 0. 520
& 1E Bulk-Flow £5% 1. 464 x 10° 2.032 x10° 3 591 1243 0.520
CFD RS Irik 1.273 x 10° 1. 850 x 10° 3 066 1 254 0.5215

4 FMIRZEHFHFEHNE

WEREIF I E R e BT — e T
BERA HEUE M B R TE N EEmAES LT
PO B . BEAb, B 77 2l B0 8% d5f ) B AH X B /)N,
FEWRFE I AR B 40 VE L e T sh i1 £
A LM S R, A% G e Ak 32 TR 1) s R
FECEATE . K, A% A HEIER Bulk-Flow
BN T O IR 7S T 285 5t sl R R A 1 9, I
it CFD J5 % i F KA 3 F % B e R JE 4 ik
Bl 2R T TR

4.1 ZFEIREHIFFERBOKRE

B IF SR BIUE (7 B 5 e 7[R, T/ sh
BT 5 B S e R B ATOR % . (£ F ] Bulk-
Flow FEUSR I, 36T CFD ) BL45 A 22560 %
HOHATBIE, B IR A DR R8O 0. 58, Fii
ZHON 0.4 i EE R BN 3.5

2% 4 5325 1 T I Bulk-Flow DA & CFD J5y
RAGHTFESHINE B SRR R B ATLUE L, AT
EARF R B SR E R BT %0, X —E R E b
QR T 7 FCOR AR A AT SRR . 6 T i T v e T i
FeAR R /B B PR S R B 5 LAY W R B0k



6 kPO

2019 4E 12 A

)1 x10° N/m LI, SR Sh iR i S2 R Wi B 2% A
2 AR 5 25 7 o D1 2E R R i g b 5
SRR 26 o ek, X TR W 2 AR T R AR
U, R B JE 38N T 200, 2% R R fE— T 5] A
BERPHIE B, H B R ELF] 40 kN - s/m
PLL i A B % R, AT RE S XTI AR R e T
FGEHR S B R A ROR
R4 FHREHPHURY

Tab.4 Rotordynamic coefficients of floating ring seal

. K/ k/ c/ 1%

%%’U -1 -1 -1 -1

(Nem>) (Nem ) (Nes*m ' )(N+s+m )
Bulk-Flow 1.08 x10° 3.0 x10" 42 381 2572
CFD 771 1.06 x 10° 2.89x10" 42 610 2 387
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Fig.5 Pressure distribution of the seal model
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Fig. 6 Variation of stiffness coefficients with eccentricities
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Fig.7 Variation of damping coefficients with eccentricities
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Fig.9 Variation of stiffness coefficients with disturbances
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Fig. 10 Variation of damping coefficients with disturbances
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