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Development of Inter-propellant Seal for High Thrust Turbopump
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Abstract — An inter-propellant seal (IPS) for high thrust turbopump is designed. With given operating conditions
and requirements, the inter-propellant seal is designed to satisfy the leakage characteristics which is less than
0.1% of normal flow rate of pumps. A numerical analysis is developed to predict the leakage flow rate. The
results show that the maximum leakage of LOX and kerosene are less than 0.1% of normal flow rate of pumps,
respectively. Based on the numerical analysis results, the detail of IPS is performed. Finally a prototype of IPS
is manufactured to perform sets of performance tests in the near future.
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Fig. 1. Operating scheme of inter-propellant seal.
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Fig. 2. Coordinates for eccentric non-contact seal.
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Fig. 3. Grid example for numerical analysis.
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Table 1. Operating conditions and design constraints

LOX pump side Fuel pump side

Working medium Liquid oxygen Kerosene
Density, kg/m’ 1142 800
Temperature, °C -190 25
Viscosity, Pa*$S 22x10™* 48x%107
Max1mum expected 900 550
inlet pressure, kPa

Rotational speed, around 10000

pm

Clearance to shaft 0.0004~0.002
radius ratio

Less than 0.1% of nominal
flow rate of pump

Max. allowable
leakage flow rate

10 times longer than single
operation time of turbopump,
around 2000 seconds
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Fig. 4. Leakage flow rate prediction of LOX.

KTR-075-A IPS calculation - Kerosene
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Fig. 5. Leakage flow rate prediction of kerosene.
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Fig. 7. Components of inter-propellant seal.
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Fig. 8. Prototype of inter-propellant seal.
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c : nominal clearance, m
e : eccentricity, m
A : friction coefficient for rotating surface
JA . friction coefficient for stationary surface
h . clearance, m
L : length of seal
mp  : empirical coefficient
p : pressure, Pa
Po : outlet pressure of seal, Pa
Ds : inlet pressure of seal, Pa
R : radius of seal, m
. time, sec
u, : axial velocity, m/s’
us  : circumferential velocity, m/s’

1.

z
)
P : density, kg/m’
¢
)

: coordinate for axial direction, m
: coordinate for circumferential direction, rad

: inlet loss coefficient
: rotating frequency, rad/sec
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