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ABSTRACT

Rotordynamic analysis of a multistage turbine pump using finite element method

is performed to investigate the effects of seal wear on its system behavior.

Stiffness

and damping coefficients of the 2-axial grooved bearing are obtained as functions of
rotating speed. Stiffness and damping coefficients of plane annular seals are calculated

as functions of rotating speed as well as seal clearance.

As the clearance of seals

become larger, these stiffness and damping coefficients decrease drastically so that there
can be significant changes in whirl natural frequencies and damping characteristics of the
pump rotor system. Although a pump is designed to operate with a sufficient seperation
margin from the 1st critical speed, seal wear due to long operation may cause a sudden
increase in vibration amplitude by resonance shift and reduce seal damping capability.
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Table 1 Specification of a Multistage Pump

Shaft Length 2152mm
Number -of Stage 10
Maximum Head 1500m
Flow Rate 3m’/min
Rotating Speed 3580rpm
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Fig. 3 Geometry of a 2 Axial Grooved Bearing

Table 2 Input Data for Dynamic Coefficient
Claculation of a 2 Axial Grooved Bearing

Radius 35mm
Length 80mm
Clearance 0.045~0.06mm
Load 104.366kg
Oil 1SO 46
Supply Temperature 40°C
Arc Length 160°
Qil Groove 2%20°
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Fig. 4 Stiffness Coefficient of the Bearing

Damping CoefTicient of 2 Axial Grooved Bearing in Handol Pump
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Fig. 5 Damping Coefficient of the Bearing
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Fig. 7 Geometry of a Plane Annular Seal

Table 3 Input Data for Dynamic Coefficient
Claculation of Plane Annular Seals

Wear ring|Wear ring| Inter-
Balance
seal seal stage Sleeve
(1) (2-10) seal
Length 17 14 21 | 773
(mm)
Radius 89.8 823 | 498 | 498
(mm)
Pressure
Drop (bar) 105 105 45 70.0
Clearance 0.2
(mm)
Densit;
(ks.f./m;; 924
Viscosity
(Pa-s) 0.000188
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Damping Coefficient of Seals in Handol Pump
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Fig. 9 Damping Coefficient of Seals

Fig. 10 Finite Element Model of the Pump
Table 4 Material Properties of Shaft Element

Beam Model Timoshenko Beam
Density 7800kg/m’
Young's. Modulus 2.078x10" N/m
Poisson. Ratio 0.3

Table 5 Mass Properties of Principle Disk

Principle Disk mkg) | L(kg'm®) | Iikg'm®
Impeller(1) 10.792 0.0985 0.0537
Impeller(2-10) 7.831 0.0676 0.0347
Balance Piston 12.103 0.0911 0.0473
Coupling 20.473 0.1237 0.0670
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Fig. 11 Campbell Diagram of the Pump

Table 6 Natural Frequencies at 3580rpm
with New Seals

Order Natural Frequencies at 3580rpm__4

1 Backward 5718rpm
Forward 5976rpm
9 Backward 9548rpm
|| Forward 9678rpm
1st Mode of Handol Pump at 3580rpm
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Fig. 12 1st Natural Mode at 3580rpm

2nd Mode of Handol Pump at 3580rpm
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Fig. 13 2nd Natural Mode at 3580rpm
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Table 7 Natural Frequencies at 3580rpm
without Seals(Dry Condition)

Order Natural Frequencies at 3580rpm
1 Backward 1786rpm

Forward 1795rpm
9 Backward 7282rpm

Forward 7428rpm
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