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Numerical Study of Labyrinth Seal Geometry for Minimum of
Leakage Flow in LNG Pump
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ABSTRACT

In the submersible pump used in an LNG cargo, the leakage flow (gap flow) occurs between the pump rotor and the casing,
and the pump efficiency decreases. The labyrinth-shaped pattern is applied between these gaps to decrease the leakage flow,
which is called Labyrinth Seal. This research studied the difference in flow characteristics when liquefied methane which
accounts for most LNG composition passes through labyrinth seals of different shapes using computational fluid dynamics
(CFD). Four shape variables were considered: clearance size(s), cavity width(b), cavity height(g), and number of cavity(z).
Parametric study was performed by changing only the input value of one variable without changing other variables within a
limited range. As the gap of the labyrinth seal increased, the leakage flow rate increased. But the effect of the cavity-related
variables was different. As a result of analyzing the effects of three cavity variables using full factorial design, they were found
to be almost independent of each other. As the cavity width and number increase, the leakage flow rate decreases linearly. And

the cavity height has a maximum leakage flow rate at one point, but has the smallest influence among all variables.
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Fig. 1 Geometry and parameters of labyrinth seal

Table 1 Design parameters of the labyrinth seal

Geometry
Pitch (t) 16 mm
Clearance (s) 0.115~1.2 mm
Cavity Height (g) 2~6 mm
Cavity Width (b) 2~6 mm
Number of Cavity (z) 1~5 ea

Table 2 Operating Conditions

Operating Conditions

Fluid

Pressure Difference

Methane
1.75 MPa
2028 rev/min

Rotor Speed
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Table 3 Two types of reference seal design

2T Rectangular 1R deep

2T Rectangular 2R deep

1010

Table 4 Comparison with reference[8]

Case dp Marsis® Present Error

15atm 0.56kg/s 0.58kg/s 3.6%

2T 1R 20atm 0.69kg/s 0.69kg/s 0.0%

25atm 0.80kg/s 0.77kg/s 3.8%

15atm 0.56kg/s 0.57kg/s 1.8%

2T 2R 20atm 0.70kg/s 0.68kg/s 2.9%

25atm 0.81kg/s 0.77kg/s 4.9%
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Table 5 Jet divergence angles and leakage flow rate for

several clearances

Jet divergence angle | Leakage flow rate
Clearance(mm) %D) e ag( kg/s)
0.1112 1.78 0.7867
0.48 1.14 7.3869
0.72 1.13 12973
0.96 1.02 18.938
1.2 0.93 25119
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(c) b =6 mm

Fig. 11 The effect of changing the cavity width(b) on the
streamlines of the labyrinth seal
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Fig. 12 Static pressure contour for various cavity width(b)
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