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Leakage Characteristic of Angled-Circumferential-Groove-Pump
Seal with CFD Analysis
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Abstract —In order to improve leakage characteristic, angled-circumferential-groove pump seal is suggested.
CFD analysis using FLUENT has been performed to predict leakage and determine an optimum slanted-groove
angle a which yields the best leakage reduction. The optimum value of & ranges from 45° to 60° and depends
on the pressure difference of seal and number of grooves for the same groove geometry. The maximum leakage
reduction ratio increases as increasing the pressure difference of angled-circumferential-groove pump seal with

the optimum value of a.
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Fig. 1. Circumferential-groove seals.

Fig. 2. Spiral-groove seal|10].
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Fig, 3. Angled-circumferential-groove seal.
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Table 1. Geometry and operating conditions of groo-
ved seal

Pressure difference (Pr-Ps)

5.88~69.98 (bar)

Groove length(Ly) 1.6 (mm)
Groove depth(B) 1.2 (mm)
Land part length(L) 1.6 (mm)
First land part length 2.4 (mm)
Last land part length 2.4 (mm)
Groove seal total length 6.4-35.2 (mm})

Number of groove 1-10

Groove angle(a) —60~+60{degree)
Clearance of groove seal(C,) 0.175 (mm)
Radius of groove seal(R) 352 (mm)
Rotor speed 500 (RPM)
Density 998.2 (Kg/m?)

Absolute viscosity 0.001 (N-s/m?

Fig. 5. Mesh generation for angled-groove seal using
GAMBIT.
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Table 2. Results of leakage data for o and number of
grooves with AP = 69.98 bar, unit : kg/s

Groove angle @
0 415 +30° 45 +60°
3.3725 33628 3.3524 3.3405 3.3379

1 groove

reduction

ratio [%] —029

-0.60 095 -1.03

2groove 29779 29647 2.9492 29345 29342

reduction

ratio [%)] 044 096 -l46 -147

3groove  2.7088 2.6959 2.6806 2.6628 2.6615

reduction

ratio [%] 048 -1.04 -1.70 -1.75

4 groove  2.4909 24775 24610 2.4443 2.4450

reduction

ratio [%] 054 -120 -1.87 -1.84

5groove 23043 22894 22734 22565 2.2603

reduction

ratio [%] -0.65 -134 207 -191

2.77e+01

2.68e+01
255e+01

Fig. 6. Velocity vectors of 1 groove seal for =0 with
AP=5.88 bar.
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Fig. 7. Velocity vectors of 1 groove seal for a=45
with AP=5.88 bar.
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Fig. 8. Leakage vs. « for 1 groove seal with AP=69.98
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Fig. 11. Velocity contours of 3 groove seal for o = 60°
with AP=5.88 bar.
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