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Vibration of Centrifugal Pumps - Fluid Phenomena and Rotor-dynamics

by Masato EGUCHI

A study had been made on centrifugal pumps problems related to fluid-induced vibration. The majority of such problems are caused
by fluid-induced unsteady excitation, which tend to occur during off-design pump operations (low flow rate operations, NPSH opera-
tions, etc.), or by the destabilized force of the flow in narrow clearances. There are also many cases where the deterioration of the
damping property of the rotor-bearing system, related to the fluid operating condition, contributes in the occurrence of these problems.
The following categorizes fluid-induced vibration of centrifugal pumps, introduces problems in actual cases, and gives examples of

measures and research cases.

Keywords: Rotordynamics, Annular pressure seal, Interference between impeller and vane, Fluid induced vibration, Centrifugal impeller, Centrifu-

gal pump, Self-excited vibration, Resonance
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Table Main vibration problems of pumps
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Phenomena Type of vibration Predominant frequency components
R g [ s 9
Unbalance Resonance Rotating frequency (N)
IRATIA AL 4R Il JE D B & 2 o0 s i
Misalignment Resonance Rotating frequency N and/or 2N, 3N component
§ WA IR, ANLE | RO 25585
R g | Shaft bent Resonance, 2N component
g Tg Instability
2T | B AL WA 203y — 3 > 7 OREAREIE (EE RO 1/2855)
# fj Contact Instability Natural frequency of rotor system and/or stator, 1/2N component
| iR AL SE [T e R, R o B A R B £
Loose shrinkage Instability Rotating frequency, Natural frequency of rotor system
r—Y Y IRT = R, ANLE | MR E 2 o, 7 — 2 v 7 ORHREE
Casing whirl Resonance, Rotating frequency and its harmonic component,
Instability Natural frequency of casing
TNA FHA 27 REE IR0 FAT IRV R
Fluid whip Instability Natural frequency of rotor system (less than 0.7 times N)
A3 IV R R 4R [l i 5 & 2 Dk
Additional mass effect Resonance Rotating frequency and its harmonic component
PIRFA L E AL AL SE iR 0 F A R 5L
Aerodynamic force Instability Natural frequency of rotor system
i 1m] 2 5 AL GE R E B
o | Rotating stall Instability 0.5 to 0.7 times N (feature peak)
n
R | EM¥*yEF—Ta v ANLEGE R JE B g
g : Rotating cavitation Instability 8 to 1.2 times N (its peak frequency depends on cavitation number)
EE | FrETF-vary-y RESE W E — 7, RO R o B4 IRE
#= S Cavitation surge Instability Less than 0.4 times N (depends on cavitation number), Natural frequency of piping system
T -y RS FL R o0 [ A H B B
Surge Instability Natural frequency of piping system
BT Sl INBECE Dk
Interference between impeller and vane | Resonance ZN (Z : The number of impeller blades), its high order harmonic component
AR A 4 T 2 ] 0
Fluid unbalance Resonance Rotating frequency (Its amplitude depends on Flow rate)
AR 2— MIERFR, AT R [ S o A DL
Volute asymmetry, Inlet back-flow Instability From several Hz almost to rotating frequency (wide range)
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Fig. 3 Self-excited vibration due to fluid film in balance piston seal
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Tendency . As rotating speed rises, dominant frequency of cavitation rises
and higher frequency components appear.

According to decreasing cavitation number, these dominant frequencies drop.
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Fig. 8 Low frequency components generated by cavitation
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Countermeasure (1) : Trimming inlet edge of guide vanes
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Countermeasure (2) : Reinforcing connecting parts between vicinity of bearing

housing and pump casing
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Countermeasure (3) : Modifying angular position of guide vanes
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Fig. 13 Resonance between fluid excitation force acting on impeller and shaft vibration mode
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