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Vibration Characteristics of High Pressure Multi-stage Pump
with Anti-swirl Injection Balance Sleeve
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ABSTRACT

As the tangential flow inside the clearance of tribo elements such as bearings and seals is

increased as the shaft speed increases, the system stability wiil be decreased due to the increment of

the instability parameter. To reduce the tangential flow inside the clearance of the balance sleeve,

anti-swirl injection mechanism is applied. The balance sleeve is used in resisting the axial force

induced by impeller in high pressure multi-stage pump. In this paper, total three cases are

experimentally investigated: original balance sleeve, anti-swirl injection balance sleeve with 0 axial
degree and anti-swirl injection balance sleeve with 30 axial degree. Experiments are focused in the

comparison of vibration level and leakage flow rate. The results clearly shows that the anti-swirl

injection balance sleeve with 0 axial degree improves the vibration characteristics, However, the

anti-swirl injection balance sleeve with 30 degree aggravates the vibration characteristics. In the

standpoint of leakage performance, both anti-swirl injection balance sleeves show the better result

than the original balance sleeve.
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Fig. 1 High pressure multi-stage pump

Table 1 Operating condition of multi-stage pump

Maximum outlet pressure . | 226 bar
Maximum inlet pressure 26 bar
Maximum flow rate 1.5 m*%/min
Operaling speed 3580 RPM

Number of stages 17
Inlet .dia: xQutlet dia, 80 mmX65 mm

Minimum flow rate XHead | 0.26 m*/min X 2000 m

Nominal flow rateXHead | 1.5 m*/minx1640 m

Nominal efficiency 70 %

Vibration hmit, Ve 5.0 mm/sec

Radial cleﬁranfze of journal 40 pm
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Fig.6 Orbit of pump shaft with original balance

sleeve
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Fig.8 Orbit of pump shaft with anti-swirl
injection balance sleeve (0 axial degree)

shaft with anti-swirl
injection balance sleeve (30 axial degree)

Fig.9 Orbit of pump
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anti-swirl injection balance sleeve(0 axial
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Fig. 11 Fourier specira of pump shaft with anti-
swirl injection balance sleeve(30 axial
degree)

Table 2 Calculated Vs values of each case

| Original | Anti-swirl | Anti-swirl

balance injection | injection
sleeve (30 °) (30 7)
Left X (mm/s) 3.26 296 325
Left Y (mm/s) 3.55 2.87 3.43
Right X (mm/s) 4.03 2.67 5.25
Right ¥ (mm/s) 412 2.32 452

Table 3 Leakage flow rate from balance sleeve

Original | Anti-swirl | Anti-swirl
balance | injection | injection
sleeve | (0 degree) [(30 degree)

Flow rate

(ton/hour) 100 101 101

Qutlet pressure
(kgf/cm®) 160 160 160
Leakage flow rate
(m*/min) 0.055 0.038 0.044
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