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ABSTRACT

* There are various ways to execute modification to the Centrifugal Pump Performance |
Head vs Flow ) to suit to the new operating condition. In this case study, impeller diameter
increase was opted.

* This case study will discuss on various challenges faced during implementation of the
modification of the pump during project execution and commissioning of the pump.

* The key lesson learnt from the case study are as follows;

= Data or information shown in the pump datasheet or performance curve may not tell the maximum size of
impeller that can be upgraded.

= A minimum radial clearance or cut water information shall be considered for all cases which is not specified
in the API 610. Clarification with Manufacturer is necessary.

* This presentation also covers other consideration for any pump modification for technical
sharing purposes.
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Introduction

As operating condition changes,
the pump has to be assessed for
the new operating condition and
modification may deem required
for pump reliable operation.

Example of Centrifugal Pump
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Various Method for Improving Centrifugal Pump Performance
( Head vs Flow Performance Curve )

INCREASE SPEED

REDUCE WEARING
CLEARANCE. E.g. using
PEEK material

INCREASE IMPELLER
DIAMETER

PARALLEL/SERIES
OPERATION




Increasing Speed/Impeller Size/Adding Impeller

Pump Affinity Law
Q1/Q2 =N1/N2=D1/D2
H1/H2 = (N1/N2)*2=(D1/D2)"2

Head

Operating Point 2

Operating Point 1

Capacity




Head Series Operation

N R R

Operating Point 2

v

Pump Affinity Law
Head 2 =Head 1 X 2
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Head Parallel Operation

Operating Point 2
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Reducing clearances

- Table 6 of APl 610 provides the minimum diametrical
clearances for wear ring based on the diameter of
rotating member at clearance.

0 However, APl 610 also mentioned the use of non
metallic wear ring materials with very low or no
galling affects.

- Published data showed wear ring clearance can be
reduced up to about 50% if this material is being  Sample of Impeller wear ring

employed.
- The material that can be used are specified in Table
H.3 in the API 610.
- The use of this material and reduced clearances will Example of Impeller

improve the pump performance. The improvement
will vary depending on pump type, size and specific
speed of the hydraulic.

-
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Ik wear ring




Case Study for Impeller Diameter Increase




Background

* Due to future operating condition, a BB1 designed centrifugal pump at one of the plant, require higher
head and flow.

* During engineering phase, it was decided that the impeller diameter required to be increased. This option
was selected as this was the most cost effective, quick and easiest modification to be pursued at site.

 The impeller size has been increased by about 3.1 % from 348 mm to 359 mm.

* The maximum impeller size given in the performance curve and datasheet is about 368 mm, about 5.7%
above original impeller diameter.
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Scope of Work
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Issues

* During the installation of the new rotor, it could not fit into the casing as
the volute size is smaller than the impeller diameter. The volute size is just
about 2.61% higher than the original impeller size — about 357.1 mm.

* Asremedial action, the volute diameter size is bored further to obtained
the inside diameter of clearance 3.4% than the original impeller size ( 0.3%
of the new impeller size ) — about 360.6 mm.

volute




Scope of Work
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Testing and Commissioning

= Vibration was found higher than previous readings.
=  Abnormal noise also heard during low flow operation.

= No performance issue.

= The impeller to volute radial gap is now only about 0.3% [(360.6-359 mm)/360.6 mm X
100) as compared to about 2.6 % original.
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Testing and Commissioning
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Testing and Commissioning Result

9 n .
Vibration Vs Flow rate.
8 \
Vibration vs Flow / e
g L s
6 (S
5 2 4
g 3 )'\
: \
0 V
120 m3/hr 180 m3/hr 250 m3/hr 1
—Inboard Horz 8.5 4.8 4.8 0
——Inboard Vert 6.2 3.8 2.7 105 120 150 200 250
m3/hr m3/hr m3/hr m3/hr m3/hr
——Qutboard Hortz 5.1 3.3 2.8
Outboard Vert 74 45 33 =&—|n board Horz. 7.8 6.8 4.8 3.4 2.7
Outboard Axial 6.6 29 21 =fli=In board Vert. 4.6 3.4 3.7 3.1 2.7
=f—QOut board Horz. 4.5 3.5 3.1 2.9 2.8
——|nboard Horz ——Inboard Vert = =——OQutboard Hortz >—O0ut board Vert. 58 4.8 4.7 3.9 36
Outboard Vert ——Outboard Axial =¥=0ut board Axial. 3.5 2.7 2.1 1.3 2.3
—-

Note : The value mentioned above are an approximate value

Volute start point location
contributes to the Vibration at
Inboard Horizontal and Outboard
Vertical




Remedial Action

= Action taken to increase further the volute diameter gap size to about 3% of the new impeller
size- about 369.8 mm.
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Pump Casing Modification

The volute was bored using boring machine
and Die Penetration Tested - Result
Acceptable

Hydrotested at 1.5 x MAWP




Testing and Commissioning Result

Vibration amplitude at 6" order [Vane Pass frequency] and overall vibration reduces to about 2 mm/s
at pump flowrate of 200 m3/hr
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Lesson Learnt

e The impeller increase in size is not only depending on the information from datasheet or
performance curve, but it is also the volute size or inside diameter which determined the limits.

* Itis recommended to consider the radial gap clearance requirement in engineering as power stage
or head per stage are within 10% of the mentioned value in clause 6.1.15 of API 610 11t Edition. .

* Irrespective of the head and power, it is required to maintain a minimum radial gap clearance. As
rule of thumb, it is recommended to keep a minimum radial gap of 3 % for other condition. This
minimum radial gap for other condition is not specified in the APl 610 design requirement.

* The conformance to requirement 6.1.12 of API 610 for design of Rated Flow to Best Efficiency
Point (BEP) and preferred Operating Region shall be followed.
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Other Technical Consideration

* When, the pump head — curve requires improvement for new operating
condition, the following consideration shall be verified ;

— Driver Power Margin : Motor, engines, steam turbine etc.
— Coupling Rating : Coupling Power Rating shall be checked
— Driver Speed : margin availability

— Mechanical Seal : Stuffing Box Pressure, speed and etc.

— Axial Thrust : Pressure Reducing Bush sizing and etc.

— Speed Torque Curve : 10% margin shall be maintained during start up
condition.

— Pump Critical Speed : New operating speed shall be 10% away from
pump critical speed.

— Best Efficiency Point(BEP)/Minimum Stable Flow : normal operation
against BEP.
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APPENDIX : Reference from APl 610
Requirements of 6.1.15 of APl 610 11t Edition

6.1.15 Pumps with heads greater tharC200 m (650 ft) per sta nd with more thaR225 kW (300 hp) per sta
shall be deemed high-energy pumps and ca Special provisions to reduce vane passing-frequency
vibration and low-frequency vibration at reduced flowrates. For these pumps, the radial clearance between the
diffuser vane or volute tongue (cutwater) and the periphery of the impeller blade shall be at least 3 % of the
maximum impeller blade-tip radius for diffuser designs and at least 6 % of the maximum blade-tip radius for volute
designs. The maximum impeller blade-tip radius is the radius of the largest impeller that can be used within the
pump casing (see 6.1.4). The clearance, P, expressed as a percentage, is calculated as given in Equation (1):

P=100 R, — R, /R, (1)
where

R5 is the radius of volute or diffuser inlet tip;
R4 is the maximum impeller blade tip radius.

It is common practice for the impellers of pumps covered by this clause to be modified after initial test to correct
hydraulic performance by underfiling, overfiling or “V"-cutting; see 8.3.3.7 c). Any such modifications shall be
documented in accordance with 10.3.4.1.

Requirements of 6.1.12 of API 610 11t Edition

6.1.12 Pumps shall have a preferred operating region of 70 % to 120 % of best efficiency flowrate of the pump
as furnished. Rated flow shall be within the region of 80 % to 110 % of best efficiency flowrate of the pump as
furnished.

p,




