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Theoretical research of Static Characteristics of
Bump Floating Ring Seal

Kyoungwook Kim', Jin Taek Chung, Chang-Ho Kim* and Young-Bok Lee**
Dept. of Mechanical Engineering, Korea University, *Korea Institute of Science and Technology

Abstract — The floating ring seal which is used in the high pressure turbo pump is frequently used in the oxidizer
pump and the fuel pump of the turbo pump of the liquid propulsion rocket, because it is able to minimize clear-
ance to decrease the leakage flow rate. But, the floating ring seal has a tendency to increase instability in decreas-
ing eccentricity ratio. To complement this weakness, it is devised bump floating ring seal which is insetted bump
in the outer surface. It has various experiment results. But the theoretical study of the bump floating ring seal
didn't investigated yet. In this paper, we analyse about static characteristics of bump floating ring seal, compared
previous experimental results. To analyze the characteristic of bump floating ring seal, we coupled perturbation

method of floating ring seal and FEM of bump foil.
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C nominal radial clearance [m]
€ shaft eccentricity
€,6;  absolute surface roughness at stator and
rotor [m]
Fon  hydrodynamic force [N]
Fx normal force [N]
F. friction force [N]

h dimensionless film thickness
L Floating ring seal length [m]

R rotor radius [m]

Ps sump pressure of floating ring seal [Pa]

Pr reservoir pressure of floating ring seal [Pa]
v average axial velocity [m/s]

Us dimensionless bulk-flow velocity relative

to the stator surface
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Fig. 1. Schematic diagram of bump floating ring seal.
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Fig. 2. Load capacity of bump foil in bump floating
ring seal.

Fig. 3. Bump foil configuration.
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Fig. 4. Bump foil deflection configuration.

Table 1. Boundary condition for the analysis of a
bump element

Boundary 4y Line I Line I
condition
Free-free-free Free Free Free
Fixed-free- .
free Fixed(x, z) Free Free
Fixed-fixed- R .
free Fixed(x, z) Fixed(x) Free
Fixed-fixed- .. . .
fixed Fixed(x, z, yy  Fixed(x) Fixed(x, z)
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Fig. 5. Coordinate of a bump fleating ring seal.
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Fig. 7. Bump floating ring seal analysis flowchart.
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Table 2. Geometry and operating conditions for the
bump floating ring seal

Geometry condition

Radius of rotor [mm] 26.5
Radius of supporting ring [mm] 275
Length of floating ring seal [mm] 8.0
Height of floating An’ng seal [mm] 4.0

Nominal clearance of floating ring seal

[mm] 0.1

I?elatwe roughness of rotor and floating 0.00001
ring surface

Friction coefficient between supporting

and floating ring 0.1

Density of floating ring material [kg/m’] 8600

Thickness of bump foil [mm] 0.1
Bump height [mm] 0.5
Operating conditions

Pressure Drop [MPa] 3.0, 5.0, 7.0
Rotor speed [rpm] 1682 6(2)0(;, 122445000
Inlet swirl ratio 0.25

Inlet loss coefficient 0.5

Fluid viscosity [Ns/m’] 1.86x10™
Fluid density [kg/m®] 1110
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