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Analysis of Response of Floating Ring for High Pressure
Floating Ring Seal in Turbo Pump

Tae Woong Ha'
Dept. of Mechanical Engineering, Kyung Won University

Abstract — The floating ring seal has the ability of minimizing clearance without rubbing phenomenon. How-
ever, the seal ring can be unstable due to extremely high lock-up eccentricity ratio arisen from the poor design
of height and surface finish of the ring. The exact prediction of the lock-up position of the floating ring is nec-
essary to design the floating ring properly. The governing equations are developed and solved numerically. The
test facility for the measurement of the boundary-lubrication-friction coefficient of the ring's surface has been
established. Based on the results of analysis, the geometric conditions of the floating ring seal are suggested for

operating at a low lock-up eccentricity ratio.

Key words - floating ring seal, boundary-lubrication-friction coefficient, lock-up eccentricity ratio, turbo pump.
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Fig. 1. Structural arrangement of a floating ring seal.
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Fig. 3. Cross section of a floating ring seal.
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Table 1. Test cases and specimen

Test Surface Specimen's surface
No. condition roughness (um)
I 0.2
2 0.98
D
3 Y 2.67
4 3.18
5 0.2
6 0.98
Water
7 2.67
8 3.18
9 _ 0.2
10 oll 0.98
" (metal processing 5
oil 110) 67
12 3.18
16
Test No. 2
14 -
] Fra =B N ____
104 {static friction coefficient)
Z 84
w F=p F=uN
6 {kinetic friction coefficient}
e
24
0 T T T T T T T 1
0 2 4 8 8 10 12 14 186

P(N)

Fig. 5. Static  friction and kinetic friction for dry
friction.
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Fig. 6. Static friction coefficient for dry and boundary
lubrication condition.
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Table 2. Geometry and operating conditions for the
floating ring seal of the turbo pump unit

Floating ring seal geometry

Radius of rotor (R) 26.5 (mm)
Radius of supporting ring (Rs) 27.5 (mm)
Length of floating ring seal (L) 8.0 (mm)
Height of floating ring seal (b) 3.0 (mm)
Nominal clearance of floating ring 0.1 (mm)
seal (Cl)

Relative roughness of rotor and 0.005
floating ring surface

Friction coefficient between 0.17

supporting and floating ring (1)

Density of floating ring material 8600 (kg/m’)

Operating condition

Inlet pressure (Pr) 1.1 (MPa)
Exit pressure (Ps) 0.1 (MPa)
Rotor speed (®) 10000 (rpm)
Inlet swirl ratio (UBin/(R-®)) 0.5
Inlet loss coefficient 0.5
Fluid viscosity 8.94x10" (N's/m%)
Fluid density 997 (kg/m’)
114 «
112 4
110 a
108 - /'/
106 - e o
104 - /'/
P -
Z 102 -
|.|..g 1004 " "
98 -/.
] —== Friction Force = 96.45 N
Z:: l Lock - up Eccentricity Ratio = 0.77, ® = 17 4 degree
90 J T T v T 1
0.76 078 0.80 082 0.84 0.86 0,88

Eccentricity Ratio(-)

Fig. 7. Dynamic force vs. eccentricity ratio of floating
ring.
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Fig. 9. Velocity distribution inside floating ring seal.
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