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ABSTRACT

Centrifugal pumps are widely used in a variety gplecations. In many applications the role of

centrifugal pump is critical and condition monitayiis essential. Cavitation within the pump can
cause undesirable effects, such as damage of thedl@nby pitting and erosion and deterioration
of the hydraulic performance. Cavitation can appeéhin the entire range of operating
conditions, therefore it must by all means be pnés@ To prevent cavitation in a pump it has to
know the beginning and development of the cavitatio the pump. For this purpose, the
vibration and noise must be kept within certainitémif the mechanical state of the pump and its
drive are good, the inflow conditions are in orded the duty point is admissible, these limits
can be observed without difficulty. Higher vibrat®ultimately results in decreased component
life due to Pitting in impeller, cyclic loads, beay failure, distortion to foundation etc.
Vibration spectrum analysis technique is a moseatiffe approach to maintain the safe and
reliable operation of centrifugal pumps.
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INTRODUCTION

Centrifugal pumps are a sub-class of dynamic axisgtric work-absorbing turbo machinery.fﬁ

0

Centrifugal pumps are used to transport fluidsHey ¢onversion of rotational kinetic energy to©!

/]
the hydrodynamic energy of the fluid flow. The tataal energy typically comes from an engined
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or electric motor. The fluid enters the pump impeklong or near to the rotating axis and is
accelerated by the impeller, flowing radially outd/anto a diffuser or volute chamber (casing),
from where it exits. Cavitation is defined as theepomena of formation and consequent
implosion of vapor bubbles in a region where thespure of the liquid falls below its vapor
pressure. Cavitation can occur in any fluid harglliaquipment, especially in pumps.
Technological advances in industrial protectivetio@s and repair composite materials have
made it possible to repair pumps suffering fromitedon rather than simply replacing them.
Cavitation Resistant (CR) elastomers have the tabib retain adhesion under long-term
immersion, dissipate energy created under higmsitye cavitation and provide resistance to
corrosion and other forms of erosion.

Cavitation is a serious problem for pumps. In senf@rms, a pump moves a fluid from one
location to another by means of mechanical actibascan be extreme and damage the internal
working parts of the pump. The main area of damaage be pinpointed to the pump impeller
vane. During operation, the impeller is subjectptessure gradients, which cause bubbles to
form, implode and strike the surface underneathmi@on uses include water, sewage,
petroleum and petrochemical pumping. The revergetiion of the centrifugal pump is a water
turbine converting potential energy of water pressato mechanical rotational energy.
WORKING OF A CENTRIFUGAL PUMP

Impeller rotates exerting centrifugal force on liheid

Kinetic energy is created

Centrifugal force throws the liquid out

Creating low pressure at the suction eye

This forces new liquid into the impeller inlet

Liquid thrown out of the impeller is met with retsiace to flow

The first resistance is created by the volute

© N o 00 bk~ wDd P

As the liquid moves in the volute towards the duitleslows down due to increasing cross
sectional area

9. As the liquid slows down its velocity (kinetic eggj is converted into pressure

10.The impeller is offset in the volute to create asel clearance between the impeller and t

volute at the cut water
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11.The kinetic energy given to the liquid is propont@b to the velocity at the edge of the
impeller vane tip

12.Faster the impeller rotates or bigger the impa#iehigher will be the liquid velocity at the
vane tip.
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Figure 1 Centrifugal Pump
OBJECTIVE
Determination of the net positive suction head (NP %t constant speed and flow rate, is
the most popular engineering method. AccordindS0 B555 standards, the NPSH value
is determined by a 3% drop in the total deliverpadavhich represents the required or
critical value at which cavitation is fully devekegh. This method needs a special test
stand prescribed by the standards and a set ofune@asnt results to  determine  the
NPSH required value at different flow rate. It Iscaused to guarantee tests, but it is not
suitable for cavitation monitoring in onsite op&as. Visualization of the flow by an in-
pump impeller eye is the second most popular eeging method. A transparent model
casing and stroboscopic light is used to calm ddta Cavitation flow & to get the

visualization and photographic evidence of cawtatiThe procedure for testing is similar
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to the one before, but measuring is based on NR&Hn| data or 4 mm long vapors

cavities, which correspond to the 3% drop in tatelivery head or the state of fully

developed cavitation (NPSH required). This metlsoslitable for a single bubble and for

high powered pumps, as well as for localizationhef cavitation vortex cores within the

pump or water turbine. However, it is less apprterifor small pumps and for the flow

rates far from the BEP, i.e. at low flow rates amdthe free delivery. Instead of

stroboscopic light, computer-aided camera visutimaand digitalization of the pictures

can be used. It can also be used to guarantee tests

1. CAUSESOF PUMP CAVITATION

= Drop in pressure at the suction nozzle due to I®¥Na

If the fluid at pump suction is not available scikéintly above the vapor pressure of liquid at
operating conditions, then vaporization of liquitddormation of gas bubbles is very likely,
leading to cavitation.

= Increase of the temperature of the pumped liquid

Increase in liquid temperature at the pump sucpoimt increases the vapor pressure of the
liquid. Thus it becomes more likely for operatingegsure to fall below this vapor pressure
limit, hence leading to bubbles and cavitation.

= Increase in the fluid velocity at pump suction

Increase in fluid velocity at pump suction can tghiy be caused by higher liquid flow rates
than the design case. As per Bernoulli’s princiglegher liquid velocity means higher
velocity and lower pressure head. Frictional pressinop in the pump suction also rises with
rise in the flow rate, making low pressure and tednn at pump suction more likely to
occur.

= Reduction of the flow at pump suction

Certain minimum flow is required by the centrifugaimps to keep them from running dry, as
indicated by the pump performance curves. If ligilogv falls below this limit, possibility of
developing vapor in pumps and cavitation increases.

= Undesirable flow conditions caused by obstructionsharp elbows in the suction piping

n
Sharp elbows, valves, other fittings and obstringtioause more frictional pressure loss in th§

~

pump suction, thus increasing possibility of lowrgusuction pressure leading to cavitation.
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=  The pump is not selected correctly.

Every centrifugal pump has a certain requiremenuositive suction head (NPSHR). If the pump
is not selected properly NPSHA might fall belowsthiPSHR limit, causing cavitation.

Fig. 2 Cavity Producein parts.

Table 1 Performance of Pump

L ocation Velocity (RMS) Acceleration(RMS)
Horizontal | Vertical | Axial | Horizontal | Vertical | Axial
MOTOR 2.17 2.13 1.87 1.13 1.18 1.74
NDE
MOTOR 2.23 1.80 2.30 1.45 0.49 0.48
DE
PUMP DE 14.1 10.3 7.2 10.87 8.87 6.82
PUMP 12.3 9.5 6.1 9.96 7.72 5.9
NDE
Table 2 Performance after Cavitation
Location Velocity (RMS) Acceleration(RMS)
Horizontal | Vertical | Axial | Horizontal| Vertical | Axial
MOTOR NDE | 1.78 2.32 1.69 1.91 1.28 1.42
MOTOR DE 2.97 2.83 1.57 1.32 1.42 1.34
PUMP DE 20.13 14.74 9.76 18.42 20.17 14.56
PUMP NDE | 16.72 9.87 10.31 16.45 17.32 11.31
DISCUSSIONS

Generally, if all pumps and fans will have bladehg& pass frequency (VPF) Peaks that is (ngo
of impeller vanes * running rpm). The analysis @attwill be carried by considering flow &

Parameters, suction and discharge pipe lines émoahg of foreign materials or any bed/patctfg
%
(=)
h
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formation in Vanes that cause obstruction to purapcéarry out its performance. This
phenomenon includes severe side Bands having haisgdrin noise (like rattling/churning at
discharge side, growing type at suction) at VPF tlwenon-uniform function/rotation of
impeller. Best Efficiency Point of Impeller has moaintained caused cavitation in the Impeller
vane which tends to change the Natural frequendggnpéller, which may cause to amplify the
signal with natural frequency of the pump Casingmp causing resonance and Vane Pass
Frequency Vibration Caused by movement of eachebladhe Pump. Each time blade passed
an arbitrary Point on pump generating vibrationvahe passes frequency (Damaging the
impeller Blades). Load on pump directly changed dahplitude of Vane Pass Frequency can
Block suction or discharge. By Generating raiseaise floor which lead to catastrophic failure.
Effect on Production

Production before cavitation when pump is runniagdition. No Stoppage -Before Cavitation

Table 3 Production Description

Description Unit #
Production TPH 330
Pump Running Hrs 24
Pump Down Time Hrs 0
Total Production Ton 7920

Total production is 7920 ton.
Estimated Planned Stoppage -After Cavitation

Table4 Production after cavitation

Description Unit #
Production TPH 330
Pump Running Hrs 4
Pump Down Time Hrs 20 T
o
Total Production Ton 1320 N
)
Total Estimated Production loss —66% g"
(7))
]
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In order to prevent major breakdown we have to tplkened stoppage to rectify cavitaion

problem. In case will not take planned stoppagd,hvave direct production loss around 2 days

and also very unsafe from safety point of view.
CONCLUSIONS

Therefore, cavitation must by all means be prewente prevent cavitation in a pump we have

to know the beginning and development of the c#uitaprocess in the pump. For this purpose

cavitation can be detected by visual examine, n@@sackling or sizzling sound in pump) and

through vibration measurement. With the appropriatplementation ofvibration and noise

diagnosis techniques, pump scan operate with hilggdslity and efficiency. Vibration analyzer

meter is used to measure the vibration in pumpcomparison with the other methods, this

vibration analysis method using spectrum in the detectionawgitation phenomena are very

fruitful, economical, easy and user-friendly.
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