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ABSTRACT

This study was performed to evaluate the dynamic behavior of turbo pump unit. The
acceptable separate margin of 1% critical speed was obtained by the use of elastic-ring inserted
ball bearing, while the poor separate margin of 1* critical speed was appeared in the case
without the elastic-ring. In addition, the results show that the stiffness and damping of plain
seals gain more separate margin of 2™ critical speed. However the wear or the failure of seals
could reduce the 2™ critical speeds near the operating speed.
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Table 1 Ball bearing properties
Number 1 2,3 4
. LO.
Location L0, pump LCILP:::]: LCHs pump
Type ball, radial, single-row bearing
Dimension
@ x D x b), mm 10x26x8 20x47x14 25x52x15
Rotational speed, RPM 50,000
Load, kgf
Radial - 100 100
Axial 125 125 115
Radial Stiffness, N/m 2.3118x10’ 6.6787x10’ 8.2222x10’
Working medium LO; LO,;, LCH, LO,
Working temp. down to 180 C degree
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Fig. 2 Elastic-ring
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D, = Inner Diameter of Ring
= Quter Diameter of Ring
b = Width of Ring
& = Depth of Groove
n = Number of Groove
d = Curvature Radius of Groove
E = Young's Modulus of Ring
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Kiowar : overall bearing stiffness
Kiing : elastic-ring stiffness
Kirg : bearing stiffness
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Table 2 Material properties of fuel and oxygen of
Turbo Pump Unit

Oxygen(LO2) Fuel(LCH,)
Density, kg/m’ 1110 424
Viscosity, N-s/m* 0.0001864 0.0001789

Table 3 Operating conditions of plain seals of Turbo

Pump Unit
LO; seal LCHa seal
Seal diameter, mm 53 60
Seal length, mm 8 . 8
L/D ratio 0.15 0.13
Inlet ¢l mm 0.1 0.1
OQutlet clearance, mm 0.1 0.1
Inlet p MPa 6.83 8.59
Outlet pressure, MPa 0.42 0.80
Rotational speed, RPM 50,000 50,000
Inlet loss coefficient 0.5 0.5 . .
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Fig. 3 Stiffness versus seal clearance
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Fig. 5 Leakage performance versus seal clearance
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