
SUPPLEMENT TO SEPTEMBER/OCTOBER 2018

SPECIFYING PUMPS: FACTORS TO 

CONSIDER IN CENTRIFUGAL PUMP 

SELECTION AND DESIGN FOR POWER 

GENERATION / PAGE 3

EFFECTIVE 

MANAGEMENT OF 

PUMP OPERATING 

SYSTEMS / PAGE 5

HOW TO

SPECIFY AND MAINTAIN PUMPS

SUPPLEMENT

SPONSORED BY:

STRONGHOLD 
COATINGS

SULZER
PUMPS



Stronghold Coatings Extends the Service Life of Pumps
Stronghold Coatings custom polymeric products and processes extend the service life  

of pump housings and impellers—even in severe duty applications.

RepaCoat These two-component polymeric 

products are available in formulations which 

significantly extend the service life of coated 

products. Available for corrosion protection, 

wear resistance, chemical resistance, high 

temperature, permanently flexible, and more. 

When applied with our proven Venturi system 

there is no waste.

MM1018 A unique polymeric material that 

provides 100% force fit gap compensation. 

Allows coated components to be repaired and 

repositioned without re-alignment or shims, 

saving time and money. High compressive 

strength, and shear strength, excellent 

vibration dampening, and long-term corrosion 

protection. Resistant to aging, weathering, 

gasoline, oils, coolants, acids, lye, and more.

PlasticMetal Unique two-component 

polymeric and metal system that can be mixed 

to desired consistency. Use as a liquid, putty 

or paste to suit application requirements. 

Easily applied even at vertical height. 

Permanently repairs castings, metals, 

aluminum, and more. Machinable when set. 

Ideal for repair of pump housings and 

impellers, and more!

Stronghold Coatings has over 30 years’ 

experience solving wear, corrosion and 

chemical resistance problems for industrial 

and military applications. We manufacture 

Diamant products—originally developed in 

Germany and used worldwide. Our Sharonville, 

OH factory includes production, and a fully 

stocked test lab and R&D facility for process 

development.

STRONGHOLD COATING SYSTEMS

3495 Mustafa Drive, Sharonville, OH 45241

937-704-4020 Veteran Owned

www.strongholdone.com



C
entrifugal pumps make up nearly three quarters 
of the industrial pumps in use today. They are 
commonly used in the power generation sector. 
+RZHYHU��WKH\�PXVW�EH�FRUUHFWO\�VSHFL¿HG�DQG�

PDLQWDLQHG�WR�GHOLYHU�HI¿FLHQW�DQG�UHOLDEOH�VHUYLFH��
7KLV�SURFHVV�RI�VSHFL¿FDWLRQ�EHJLQV�ZLWK�XQGHU-

standing the basic terminology, principles and design 
characteristics to ensure each pump is able to meet its 
potential and deliver the required performance.

Every pump has a performance 
graph that should be used to determine 
the suitability of the pump for a partic-
XODU�DSSOLFDWLRQ��)RU�D�UDQJH�RI�ÀRZV�
the graph indicates the generated head, 
SRZHU�UHTXLUHPHQW��HI¿FLHQF\�DQG�WKH�
net positive suction head required 
(NPSHr). 

Each pump design has an optimum 
ÀRZ�UDWH�ZKLFK�RFFXUV�DW�WKH�EHVW�HI¿-
ciency point (BEP). Either side of this 
are the normal operation conditions (80-
110% BEP) and the preferred operating 
region (70-120% BEP) in this example. 
3XPS�HI¿FLHQF\�LV�D�FUXFLDO�IDFWRU�ZKHQ�
designing a pumping system since 95% 
of the lifetime costs for a pump will be 
the energy it uses (Figure 1).

It is therefore important to correctly 
specify any new pump and ensure that 

the performance of existing pumps is checked when 
the operating characteristics of an application are 
changed. A pump assessment should be conducted to 
determine areas of potential savings as well as reduce 
payback periods for additional investments.

7KH�V\VWHP�FXUYH�LV�HTXDOO\�LPSRUWDQW�ZKHQ�GH¿Q-
ing the correct pump for an application. In addition to 
the pump, every system will incur additional frictional 
losses from piping, valves, strainers and reducers. 

SPECIFYING PUMPS
FACTORS TO CONSIDER IN CENTRIFUGAL PUMP 

SELECTION AND DESIGN FOR POWER GENERATION
BY GARY FITCH
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Figure 1: Pump design characteristics aim to deliver the required 

flow and head while operating close to the best efficiency point.
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7KHVH�ORVVHV�DUH�SURSRUWLRQDO�WR�WKH�VTXDUH�RI�WKH�À�RZ�
rate and are measured in feet/head or meters/head.
The overall system curve is comprised of the fric-

tional resistance and the static head, which is the net 
difference in height between the suction liquid level 
and the discharge liquid level. Pump designers use 
both the system curve and the pump curves, along 
ZLWK�DGGLWLRQ�LQIRUPDWLRQ��VXFK�DV�À�XLG�VSHFL¿�F�JUDY�
ity and viscosity to select the most appropriate pump 
for an application.
,Q�VRPH�VLWXDWLRQV��WKH�VSHFL¿�FDWLRQ�RI�D�FHQWULIX�

gal pumping system will involve multiple pumps, 
HLWKHU�LQ�SDUDOOHO�RU�VHULHV�FRQ¿�JXUDWLRQV��7KLV�HQDEOHV�
VPDOOHU�SXPSV�WR�GHOLYHU�PXFK�JUHDWHU�À�RZ�RU�KHDG��
depending on the pump arrangement, which may be 
preferable to a large single pump.
When working with pumps in series, it is import-

ant to understand that although the pumps may be 
hydraulically the same, designs may be different. Any 
pump located upstream of the initial pump will be 
operating at a higher pressure. Castings, shaft diame-
ter and pipework will need to be correctly rated for the 
higher pressure.

Specifi c speed
3XPSV�DUH�FODVVL¿�HG�E\�VSHFL¿�F�VSHHG��D�GLPHQVLRQ�
less quantity that describes the geometry of the pumps 
impeller. Specific speed is a correlation of pump 
FDSDFLW\��KHDG�DQG�VSHHG�DW�RSWLPXP�HI¿�FLHQF\��ZKLFK�
FODVVL¿�HV�SXPS�LPSHOOHUV�ZLWK�UHVSHFW�WR�WKHLU�JHRPHW�
ric similarity.
7KH�VSHFL¿�F�VSHHG�RI�DQ�LPSHOOHU�LV�GH¿�QHG�DV�WKH�

revolutions per minute at which a geometrically simi-
lar impeller would run if it were of such a size as to 
discharge one gallon per minute against one foot of 
KHDG��6LPLODUO\��WKH�VXFWLRQ�VSHFL¿�F�VSHHG�LQGLFDWHV�
the relative ability of centrifugal pumps to operate 
under low NPSHa conditions. 

3XPSV�ZLWK�D�VSHFL¿�F�VSHHG�RI�DURXQG�����KDYH�
UDGLDO�À�RZ�LPSHOOHUV�WKDW�SURGXFH�KLJK�KHDG�EXW�ORZHU�

À�RZ�UDWHV��,Q�FRQWUDVW��DQ�D[LDO�À�RZ�LPSHOOHU�ZLWK�D�
VSHFL¿�F�VSHHG�RI��������ZLOO�SURGXFH�KLJK�À�RZ�UDWHV�
and low heads.

Avoiding problems
$�FRUUHFWO\�VSHFL¿�HG�FHQWULIXJDO�SXPS�VKRXOG�GHOLYHU�
decades of reliable service. However, one common 
problem is cavitation.
When a liquid enters a centrifugal pump, pressure 

GURSV�DV�LW�À�RZV�IURP�WKH�VXFWLRQ�À�DQJH�WKURXJK�WKH�
suction nozzle and into the suction eye of the impeller. 
The amount of pressure drop is a function of factors 
including pump geometry, rotational speed, frictional 
losses, hydraulic shock losses and flow rate. If the 
pressure within the pump falls below the vapor pres-
sure of the liquid being pumped at any point, vapor-
ization or cavitation will occur.
Typically, cavitation is brought about by a reduc-

tion in suction head. It is initially signaled by the for-
mation of vapor bubbles that cause an increase in 
vibration levels and a slight increase in pump noise. 
Gradually, the output head drops. 

At 3% the drop is considered as a readily measur-
able datum point for the pump suction performance. 
After this point, the pump becomes noisy, full cavita-
tion is initiated and the output head drops dramatically.
Every pumping application, therefore, contains its 

own challenges. It is the task of the pump designer to 
deliver the optimum solution. Centrifugal pumps will 
often provide the best answer, but their internal design 
and external dimensions determine their effectiveness 
DQG�HI¿�FLHQF\��■

Gary Fitch is Head of Advance Engineering for Oil & Gas 

at Sulzer Pumps (US). Sulzer offers expertise in modern 

pump design as well as experience and knowledge in mod-

ifying older designs to handle process changes. For more 

information, www.sulzer.com
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C
entrifugal pumps are an important class of tur-
bomachinery. Attention must be paid to related 
piping, Net Positive Suction Head (NPSH), 
YLEUDWLRQ�DQG�WKH�VSHFL¿FV�RI�WKHLU�DSSOLFDWLRQ��

Incorrect pump piping, for example, can result in 
hydraulic instability, mechanical issues, cavitation, 
high vibration, pump bearing and seal issues, prema-
ture failure of components or even catastrophic failure 
of a pump. The suction piping is particularly important 
since the liquid should arrive at the eye of pump 
impeller in the right conditions (pressure, temperature, 
and so on.). In addition, this piping should ensure the 
VPRRWK�XQLIRUP�ÀRZ�RI�OLTXLG�WKDW�LV�IUHH�RI�DLU�RU�JDV�

&DYLWDWLRQ�LV�NQRZQ�WR�LQFUHDVH�SXPS�YLEUDWLRQ�
DQG�QRLVH��DV�ZHOO�DV�UHGXFH�KHDG�DQG�FDXVH�PDMRU�
damage, such as impeller pitting. The localized boil-
ing of liquid and re-pressurization can lead to a series 
of implosions and the development of energy levels 
exceeding impeller metal yield strength. Cavitation, 
KRZHYHU��FDQ�EH�HOLPLQDWHG�E\�LQFUHDVLQJ�WKH�SUHVVXUH�
of the liquid at pump suction. 

The effect of piping diameter and the design of the 
SXPS¶V�VXFWLRQ�SDVVDJH�RQ�SUHVVXUH�GURS�DUH�VLJQL¿-
cant. As a rough indication, pressure loss (due to fric-

WLRQ��LV�LQ�LQYHUVH�SURSRUWLRQ�WR�WKH��WK�SRZHU�RI�WKH�
piping diameter. 

For example, a 10% increase in piping diameter 
could result in a 40% reduction in head loss. In a sim-
LODU�ZD\��D�����LQFUHDVH�LQ�GLDPHWHU�ZRXOG�UHVXOW�LQ�D�
GURS�RI�DURXQG�����LQ�KHDG��,Q�RWKHU�ZRUGV��IULFWLRQDO�
KHDG�ORVV�ZRXOG�EH�OHVV�WKDQ�����RI�WKH�KHDG�ORVV�DW�
WKH�RULJLQDO�GLDPHWHU��7KLV�FRXOG�EH�D�VLJQL¿FDQW�IDF-
tor for pump suction piping design.

Suction piping should be as simple, short and 
straight as possible. A centrifugal pump is usually pro-
YLGHG�ZLWK�D�VWUDLJKW�UXQ�RI�DURXQG���WR����WLPHV�WKH�
suction piping diameter to avoid turbulence. A tempo-
rary suction strainer is generally required, although a 
permanent suction strainer is often discouraged. 

Suction recirculation can occur due to complex 
K\GURG\QDPLF�FLUFXPVWDQFHV��WXUEXOHQFH�DQG�VZLUO-
LQJ��IRU�H[DPSOH���6XFK�LVVXHV�RIWHQ�RFFXU�DW�D�ÀRZ�
ORZHU�WKDQ�����RI�WKH�%HVW�(I¿FLHQF\�3RLQW��%(3���

Some centrifugal pumps can resist suction recir-
FXODWLRQ�LQVWDELOLWLHV�DW�ÀRZ�UDWHV�DV�ORZ�DV�����RI�
%(3�LQ�VRPH�FDVHV��)RU�VRPH�RWKHU�SXPSV��KRZHYHU��
suction recirculation can become apparent at 65%. It 
can result in damage and pitting, usually around half-

EFFECTIVE MANAGEMENT 
OF OPERATING  
PUMP SYSTEMS
CENTRIFUGAL AND VERTICAL PUMPS,  

PIPING, VIBRATION, SUCTION, CAVITATION  

AND VARIABLE SPEED DRIVES
BY AMIN ALMASI
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ZD\�DORQJ�WKH�SXPS�LPSHOOHU�YDQHV�
Discharge recirculation is another type of hydro-

dynamic instability. It is seen at the discharge side of 
SXPS�DW�ORZ�ÀRZ��,QDSSURSULDWH�GHVLJQV�RI�FRPSR-
nents or incorrect clearances are some of the reasons 
for this issue. Once again, damage and pitting of 
impellers can take place.

NPSH
For a better NPSH margin, there is a tendency among 
some engineers to reduce NPSH required (NPSHR) 
DQG�LQFUHDVH�136+�DYDLODEOH��136+$���+RZHYHU��WKH�
focus on the reduction of NPSH required (NPSHR) is 
QRW�WKH�FRUUHFW�ZD\�WR�GHDO�ZLWK�WKLV�LVVXH��
7KH�UHGXFWLRQ�RI�136+5�LV�D�GLI¿FXOW�DQG�FRVWO\�

option. There are a limited number of possibilities. 
NPSHR is a function of pump design and pump speed. 
2IWHQ��D�FHQWULIXJDO�SXPS�ZLWK�D�ODUJHU�LPSHOOHU�H\H�
FDQ�RIIHU�D��VOLJKWO\��VPDOOHU�136+5��+RZHYHU��LQ�WKH�
design or selection of a pump impeller to achieve a 
ORZHU�136+5��PDQ\�IDFWRUV�DUH�LQYROYHG��DQG�VDFUL-
¿FHV�PXVW�EH�PDGH��

A larger impeller eye usually results in operational 
and hydrodynamic issues, such as recycling problems. 
This approach is not usually a solution to pump cavi-
WDWLRQ��1HYHUWKHOHVV��LW�LV�ZRUWK\�RI�FRQVLGHUDWLRQ�E\�
SXPS�PDQXIDFWXUHUV�DQG�HQJLQHHUV�LQ�VRPH�VSHFL¿F�
pump designs and selections. 

$�VORZHU�SXPS�XVXDOO\�UHTXLUHV�OHVV�136+5��
Speed is an important factor in pump selection and for 
proper operation of a variable speed pump. Larger 
SXPSV�ZLWK�ELJJHU�GLPHQVLRQV�DQG�KLJKHU�FDSDFLWLHV�
RIWHQ�UHTXLUH�PRUH�136+5��%XW�WKHUH�DUH�XVXDOO\�
FKDOOHQJHV�IRU�KLJK�SRZHU��KLJK�VSHHG��KLJK�SUHVVXUH�
SXPSV�ZLWK�UHJDUG�WR�136+5��
Sometimes, it is difficult to find a pump that 

matches NPSHA for large, high-pressure pump ser-
vice. Physical site constrains, such as the pump loca-
tion, and suction vessel or tank elevation can impose 
some limitations on NPSHA. This is the usual story 
LQ�UHYDPS�DQG�UHQRYDWLRQ�SURMHFWV�DV�VLWH�OD\RXW�RIWHQ�
cannot be changed — yet the renovation plan requires 
a larger, high-pressure set of pumps to be added to 
existing facilities. 

$�ERRVWHU�SXPS�LV�VRPHWLPHV�D�ZD\�DURXQG�WKLV��
,W�LV�D�VPDOOHU��ORZHU�VSHHG�SXPS�ZLWK�D�ORZ�136+5��
7KLV�SXPS�VKRXOG�RIIHU�WKH�VDPH�ÀRZ�UDWH�DV�WKH�PDLQ�
pump. The booster pump is usually installed a close 
distance upstream of the main pump. Note, that this is 
RQO\�DQ�RSWLRQ�ZKHUH�DOO�RWKHU�SRVVLELOLWLHV�KDYH�EHHQ�
evaluated and exhausted. 

:KLOH�PDQ\�ORZ�136+5�SXPSV�DUH�LQ�XVH��VRPH�
lead to operational or reliability problems. A good 
H[DPSOH�LV�SXPSV�HTXLSSHG�ZLWK�VSHFLDOO\�GHVLJQHG�
large-eye impellers. This can result in high recircula-
WLRQ�LVVXHV��ORZ�HI¿FLHQF\�DQG�ORZ�UHOLDELOLW\��

$QRWKHU�H[DPSOH�LV�ORZ�136+�SXPSV�ZLWK�XQVXLW-
DEO\�ORZ�VSHHGV��7KLV�FDQ�EULQJ�DERXW�D�ORZ�HI¿FLHQF\�
bulky and heavy pumps, and operational challenges. 
6RPH�VSHFLDO�SXPSV�ZLWK�VLJQL¿FDQWO\�ORZ�136+5�
can also have poor reliability. 
It is generally best to increase NPSHA than to 

ORZHU�136+5�ZKHQ�WKHUH�LV�D�QHHG�WR�REWDLQ�D�EHWWHU�
NPSH margin. 

Vertical pumps
Vertical centrifugal pumps have the electric motor 
LQVWDOOHG�DW�WKH�WRS�ZLWK�WKH�SXPS�ZLWK�YHUWLFDO�VKDIW�
DW�WKH�ERWWRP��7KHVH�SXPSV�RIIHU�VLJQL¿FDQW�EHQH¿WV�
LQ�VSHFL¿F�VHUYLFHV��+RZHYHU��IRU�PRVW�DSSOLFDWLRQV��
horizontal pumps are superior. 
Vertical pumps have a compact footprint. They 

KDYH�EHHQ�XVHG�LQ�PDQ\�DSSOLFDWLRQV��VXFK�DV�VHDZDWHU�
SXPSLQJ�VHUYLFHV��ODUJH�FRROLQJ�ZDWHU�SXPSLQJ�V\V-
WHPV��DQG�YDULRXV�XWLOLW\�ZDWHU�VHUYLFHV��7KHUH�DUH�GLI-
ferent types of vertical pump and each is employed for 
D�VSHFL¿F�VHW�RI�VHUYLFHV�DQG�DSSOLFDWLRQV�
Vertical inline pumps are popular options for 

DSSOLFDWLRQV�ZKLFK�GHPDQG�FRPSDFW�XQLWV��7KH\�DUH�
also commonly employed in revamp and renovation 
SURMHFWV�ZKHUH�WKHUH�DUH�OLPLWV�RQ�IRRWSULQW�RU�EXGJHW��
In some cases, the pump requires no bearing, since 
bearings are on electric motor driver. This pump con-
FHSW��KRZHYHU��KDV�ORVW�SRSXODULW\��$QRWKHU�GLVDGYDQ-
tage of vertical inline pumps is that the NPSHR is 
often greater compared to most end-suction horizon-
tal pumps. They are only recommended in small 
pumping systems. 
Vertical sump pumps are seen in many sumps, 

WDQNV��YHVVHOV�DQG�UHVHUYRLUV�ZKHUH�WKH�VXPS�SXPS�LV�
suspended from the top. The electric motor driver is 
usually installed at the top of the sump on an assembly 
or baseplate. This may have safety and reliability ben-
H¿WV��7KH�GLVFKDUJH�QR]]OH�RQ�WKH�SXPS�FDVLQJ�LV�XVX-
ally horizontal and most often discharges into an 
HOERZ�WKDW�FRQQHFWV�WR�YHUWLFDO�SLSLQJ��

Another example of vertical pumps is the submers-
ible pump. It is a closely coupled pump and electric 
PRWRU� WKDW�FDQ�EH� ORFDWHG�DQG�RSHUDWHG�ZKLOH�
immersed in the pumped liquid. Submersible pumps 
RIIHU�FRPSDFW�SDFNDJLQJ�DQG�JRRG�ÀH[LELOLW\�IRU�PDQ\�
applications. 
7KH\�FDQ�EH�XVHG�LQ�D�VXPS��ZHOO��YHVVHO��WDQN�RU�

reservoir and for permanent, temporary, portable, 
mobile or moving applications. There is also the pos-
sibility of changing the location and elevation of a sub-
PHUVLEOH�SXPS��$�VHW�RI�VOLGH�UDLOV�ZLWK�VSHFLDO�SXPS�
FRQQHFWLRQV�RU�ÀDQJHV�FDQ�EH�XVHG�WR�FKDQJH�HOHYD-
tion, for example.
Vertical sump pumps are usually specified for 

RUGLQDU\��ORZ�GHSWK�VXPSV��RU�YHVVHO�DQG�WDQN�DSSOL-
cations. Submersible pumps tend to be employed for 
VSHFLDO�FDVHV��VXFK�DV�WHPSRUDU\�VHUYLFHV��GHHS�ZHOO�
applications and other challenging services. There are 
advantages for vertical sump pumps over submersible 
pumps. Submersibles offer limited opportunities for 
monitoring and inspection. Vertical sump pumps are 
PRUH�DFFHVVLEOH��(OHFWULF�PRWRU��V\VWHPV�DQG�DFFHVVR-
ries of submersible pumps are also more expensive. 
Vertical turbine pumps can be used for process and 

utility applications. They usually incorporate a circu-
ODU�FDVLQJ�ZLWK�D�V\PPHWULF�SDVVDJH�W\SH�GLIIXVHU��
Their impellers are usually installed vertically and 

Booster pumps
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FRQFHQWULFDOO\�ZLWKLQ�WKH�FDVLQJ��
7KH\�DUH�SRSXODU�SXPSV�IRU�ORZ�136+�DSSOLFD-

tions or services for temperature-sensitive liquids. In 
WKHVH�SXPSV��WKH�FROXPQ�DQG�ERZHO�DVVHPEO\�DUH�XVX-
DOO\�LQFRUSRUDWHG�ZLWK�DQ�$60(�6HFWLRQ�9,,,�GH-
signed pressure-containing section. This pump type 
FDQ�UHGXFH�136+5�E\�ORZHULQJ�WKH�¿UVW�VWDJH�LPSHO-
OHU�LQWR�D�ORZHU�VXFWLRQ�FDQ��XVXDOO\�ZLWK�WKH�ORZHVW�
possible elevation.
One concern about many vertical pumps is high 

YLEUDWLRQ��7KHLU�WKLQ�ZDOOHG�VKHOOV�DQG�ORQJ��VOHQGHU�
shape add risk of vibration resonance. Vibration char-
acteristics of vertical pumps should be analytically and 
H[SHULPHQWDOO\�YHUL¿HG�EHIRUH�RSHUDWLRQ��
Parametric studies should be done for vertical 

pumps to investigate the effects of variables on the 
dynamic characteristics of the pumps and to propose 
strategies for improvement of dynamics. There are 
many parameters and variables to be considered. One 
is the elevation of the liquid in the sump or reservoir. 
0L[HG�ÀRZ�LPSHOOHUV�RU�D[LDO�LPSHOOHUV�DUH�VRPH-

times used in vertical pumps. The performance curves 
of these pumps could be different than conventional 
pumps. The curve is relatively steep, and the shutoff 
KHDG�LV�RIWHQ�PXFK�KLJKHU�WKDQ�WKH�KHDG�DW�%(3��7KH�
VKXWRII�KHDG�PD\�EH�WZR�RU�WKUHH�WLPHV�WKH�%(3�KHDG��
These pumps usually require a bypass to avoid driver 
RYHUORDG�ZKHQ�RSHUDWLQJ�SRLQWV�PRYH�WRZDUG�WKH�VKXW-
off point. 

Wastewater service
Centrifugal pumps are often employed for industrial 
ZDVWHZDWHU�WUHDWPHQW��2QFH�ZDWHU�KDV�VHUYHG�LWV�
industrial uses, it should be transferred and treated to 
be reused or treated to return to the environment in a 
PDQQHU�FRQVLVWHQW�ZLWK�ZDWHU�TXDOLW\�UHJXODWLRQV��
0DQ\�PRGHUQ�FHQWULIXJDO�SXPSV�LQ�ZDVWHZDWHU�

services have variable speed drives (VSD) that operate 
RYHU�D�ZLGH�UDQJH�RI�ÀRZV��KHDG��VSHHGV�DQG�FRQGL-
tions. Large pumps are often needed yet space is usu-
ally limited. Therefore, vertical pumps are commonly 
VSHFL¿HG��7KH\�RIIHU�D�FRPSDFW�FRQ¿JXUDWLRQ�DQG�EHW-
ter economics compared to horizontal pumps in many, 
WKRXJK�QRW�DOO��ZDVWHZDWHU�VHUYLFHV��

3ULPLQJ�KDV�EHHQ�D�PDMRU�LVVXH��$V�D�UHVXOW��SXPSV�
VKRXOG�RSHUDWH�ZLWK�D�SRVLWLYH�VXFWLRQ�KHDG��3UHIHUD-
bly, each pump should have an individual suction line. 
The suction source and piping layout should avoid tur-
bulence to prevent vortex formation.
The fill time and minimum pump cycle time 

should be considered in the sizing of storage units, 
WDQNV�DQG�ZHW�ZHOOV��(IIHFWLYH�YROXPH��EHWZHHQ�SXPS�
start and stop) should ideally be designed to provide 
QR�PRUH�WKDQ�RQH�RU�WZR�VWDUWV�SHU�KRXU��
VSDs are usually needed as pump systems and 

controls tend to operate at varying delivery rates. 
&DSDFLW\�VKRXOG�EH�EDVHG�RQ�SHDN�KRXUO\�I ORZ�DQG�
VKRXOG�EH�DGHTXDWH�WR�PDLQWDLQ�WKH�ZDVWHZDWHU�YHORF-
LW\�ZLWKLQ�PLQLPXP�DQG�PD[LPXP�OLPLWV�WR�DYRLG�
operational problems, high head loss and so on. A 
minimum velocity of 0.7 m/s and maximum velocity 
RI�����P�V�DUH�UHFRPPHQGHG��
)RU�LQGXVWULDO�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DQG�

IDFLOLWLHV��LW�LV�FRPPRQ�WR�KDYH�SXPSV�ZRUNLQJ�LQ�SDU-
allel. If the maximum rated capacity of the pumping 
V\VWHP�LV�VXSSOLHG�E\�WZR�RU�PRUH�QRUPDOO\�RSHUDWLQJ�
units, the capacity of standby units should be at least 

50% of the system’s maximum rated capacity.
$WWHQWLRQ�LV�QHHGHG�ZKHQ�SXPSV�RSHUDWH�LQ�SDUDO-

lel. One pump should be started at minimum VSD 
speed. Pump speed is increased as demand rises until 
the pump is at maximum speed. A further rise in 
demand initiates the start of a second pump and in 
WXUQ�D�WKLUG�SXPS�RQFH�WZR�SXPSV�DUH�UXQQLQJ�DW�IXOO�
VSHHG��7KH�SXPS� VWRS� VKRXOG� IROORZ�D� VLPLODU�
sequence based on falling of demand.

Material selection 
)RU�ZDVWHZDWHU�DQG�DEUDVLYH�RU�FRUURVLYH�OLTXLGV��
material selection is vital. Fluid properties, corrosion, 
erosion, economy, construction and other factors 
should be used in pump selection. It is best for any 
KDUGZDUH�LQ�FRQWDFW�ZLWK�LQGXVWULDO�ZDVWHZDWHU�WR�EH�
fabricated from proper corrosion-resistant materials. 
7\SH�����VWDLQOHVV�VWHHO�PDWHULDO�LV�RIWHQ�VXLWDEOH��
Stainless steel vertical multistage pumps and booster 
SXPS�VHWV�DUH�FRPPRQO\�XVHG�LQ�LQGXVWULDO�ZDVWHZD-
ter handling and pumping systems.
7DNH�WKH�FDVH�RI�D�SXPSLQJ�VWDWLRQ�PRYLQJ�ZDVWH-

ZDWHU�IURP�D�SODQW�GLVFKDUJH�WR�D�ZDVWHZDWHU�WUHDWPHQW�
unit located offsite. The plant’s operating capacity and 
KHDG�ZHUH�������P��K�DQG����P�UHVSHFWLYHO\��GXULQJ�
WKH�¿UVW�\HDU��$IWHU�WKDW��RWKHU�SURGXFWLRQ�FDPH�RQOLQH��
WKH�ÀRZ�LQFUHDVHG�WR�������P�/h and head to 60 m. 
%HFDXVH�RI�WKH�GLIIHUHQFH�LQ�KHDG��WKH�RQO\�ZD\�WR�XVH�
the same pump model for both development stages 
ZDV�WR�XVH�96'V��
7KH�¿UVW�JURXS�RI�SXPSV�RSHUDWHG�DV�����DUUDQJH-

PHQW����RSHUDWLQJ�����VWDQGE\��GXULQJ�WKH�¿UVW�\HDU��,W�
UDQ�DW�ORZ�VSHHG��)LYH�SXPSV�ZHUH�QHHGHG�LQ�WKH�VHF-
RQG�\HDU��WZR�H[LVWLQJ�96'�SXPSV�DQG�WKUHH�QHZ�
SXPSV���7KHVH�RSHUDWHG�LQ�����DUUDQJHPHQW����RSHU-
DWLQJ�����VWDQGE\���(DFK�SXPS�SURYLGHV�D�FDSDFLW\�DQG�
KHDG�RI�������P�/h and 60 m, respectively. 
,Q� WKLV�ZD\�� WZR�96'�GULYHQ�SXPSV�FDQ�EH�

LQVWDOOHG�IRU�WKH�¿UVW�\HDU�RI�RSHUDWLRQ��(DFK�SXPS�KDV�
LWV�RZQ�VXFWLRQ�OLQH��3URSHU�YDOYHV�DQG�ÀDQJHV�DUH�SUR-
vided at the discharge header so three additional 
SXPSV�RI�WKH�VDPH�NLQG�FRXOG�EH�LQVWDOOHG�ODWHU�ZLWK-
out any interruption in operation. ■

Pump maintenance is assisted by digitization

Amin Almasi is a Chartered Profes-

sional Engineer in Australia and U.K. 

(M.Sc. and B.Sc. in mechanical engi-

neering). He is a senior consultant 

specializing in rotating equipment, 

condition monitoring and reliability.



Gas turbines need to offer the highest levels of reliability. We want to give 

your outage an advantage by providing exchange rotors.

Our customized solutions for gas turbines help minimize downtime 

during an outage. Fixed-hour maintenance of gas turbine rotors has 

created a considerable challenge in terms of repair and maintenance. We 

provide exchange rotors for your gas turbine during the repair process to 

minimize the time and expense of the outage.

2XU�WXUQNH\�VHUYLFH�LQFOXGHV�ƄHOG�DQG�VKRS�H[SHUWLVH�WR�HQVXUH�\RXU�

RSHUDWLRQV�DUH�PRUH�HIƄFLHQW�DQG�UHOLDEOH��&RQWDFW�XV�WR�ƄQG�\RXU�EHVW�

service solution.

Sulzer Turbo Services Houston Inc., 11518 Old La Porte Road, La Porte, TX 77571, USA

Phone +1 713 567 2700, sulzertshouston@sulzer.com

www.sulzer.com

Optimizing 

performance 

and reliability
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