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Significance of High Specific Speed in Circulating
Water Pump, Which Can Cause Cavitation, Noise
and Vibration

Chandra Gupt Porwal

Absiract—Excessive vibraion meons increased weor, ncrvased
repair cfforts, bad product seleclion & quality and higli emxrgy
consumption, This mny be sometimes experienced by cavilation or
sudtion/disclinege recirculntion whidi could oceur only whet net
positive suction haxd avoiloble NPSIL, dops below the ner positive
suction haxl required NIPSH. Cavitation can couse axial susging, ifit
# excessive, will damage mechanical scals, benrings, possibly other
pump components Trequently and shorien the i of tie impeller.
Efforts liove been made 1o explain Suclion Gnergy {SE), Speeitie
Speed (Ns), Suction Specific Speed (Nss), NPSH,, NPSHy & dwwr
significance, possible reasons of caviation /intemal recirculason, its
diagnostics and remedial measures © arest and prevent cavitation o
this paper. A case srudy & presented by the author highlighting that
fhe root cause of unwanted noise and wvibration % duc b cavitatlon,
cawsed by ligh specific speeds of inadequate net- positive suction
bead availsble whick results m demages © material swiaces of
impelter & suction bells and degradalion of machine performance, is
capacity and effiviency oo, Auhor sicongly recommends revisiting
the teclinienl specifications of CW punps o provide sufficient NI'SH
mergin ralios >1.5, for (unwe projects md Nss be limited fo 8500 -
9000 fir cavitation froe operatior.

Keywords—Best efficiency point (BEP), net posidive suetion
liead NPSH,, NPSHy, specific spocd Ns, suetion specific speed Ny

L INTRODUCTIGN

HE term ‘cavilation” comes from the Latin word cavus,

wiich means » hollow space of a cavity[ 1] Cavitatien i
wetl recognized 8s a phenomenon that may cause serious
pump maifunetioning due te improper purop inlet conditions.
It is, therefore, imporiam for fhe pwmp users o understand
what cavitation is, what & potentially can cause, and how
can be controlied [2]. Sumetimes eavitation has been so sevefe
enougli © wenf holes I tlie impeller and damage the vanes
such 5 degree tlint tlie impellef becomes very ineffective.
More ecommonly, tie pump reliability and efiiciency wall
decrense  significantly during cavitation and continue to
decrease furthef o damage w© the impeller ihcrenses.
Typieally, when cavitation oceurs, an audible sound siiilar to
‘matbles’ or ‘crackling' is zepotted to be emitted from the
pump. Cavitation B one of the most important cawses lhat
ofects perfurmance, operabitiy, feliability, effieiency and
pup ki wo [3]

Accordmg o Hydraulic Instilwe Standafds  (HIS),
cavitation 8 the conditien in wiiich a more than ¥v drop n

Chandra Gupt Porwel, & with the NTPC Limited, " Floor, Engineering
Office, Complex, Sector-24, Noida-201301 _(UP} (Tek 91.9650900203,- (ax
91.120.241020); emiukce gporwaigi gniaed cam. cgporwallntpe coat).

[REC]

fhe head pressure is experienced across a functioning pump. k
is o kind of “heart failure” of a pump during operation, The
pump section side experiences a reduction in net-positive
suehion licad (NPSH) pressure which is the main contributing
factor in Tormiation of bubbles while the puping side & undef
high pressure. The effects of reduction in pressure resulting in
cavitation will portray various imperfictions, First, a pump
experiencing this condition will have » reduced capacity. Tlis
& because, bubbles fonmed toke up space Wlhich could
otherwise have been taken up by the liquid. As a resuit the
delivery capacity of the pump # greatly reduced m sane
cases, 8 big bubble can efeafe itself of the cye of the impeller
causing the pump W lose its abuity w0 suction he liquid being
pumped. Cavilation also causes a reduction of pump head o
polential heighl which the pump can deliver the liquid being
pumped. Bubbles are lke balloons of air which e
eompressible i noture and this facof leads i Feduction of tlie
head and pressure of the pump. 1 acual fac, all these couses
a drop m pump cfficieney and is relisbility o perfam is
desired Tunclion efficicnily. When these bubbles pass info the
region of highef pressure, they coliapse causing noise and
vibfations leading o o lot of damage b the pump and it
components. This kind of cavitation & known s NPSH,
insufficiency{4].

wsufficiency can be subsided by eithef improving the
NPSH, dof by redueing the NPSH by trimming the suction
charaeferislics of impeller, wliich means increasing the
Suction Specific Speed (Nss) (whefeas (mpellefl rimming
feduces tip speed, which @ tumn directly lowers the amount of
energy imparted i the system fluid md lowers both e flow
and pressufe genefated by flie pump [5].

A high Nss may indwate the impeller suetion eye is
somewhat larger than normal and consequently, the efficiency
may be compromised © oblain a low NPSHp Higher values
o' Nss may also require special designs and may also be
operpted with some degree of cavitatwn, A large impeller
suction ey dismeters can also generate exeessive suction
fecireulation that sometimes leads w cavitation and reason fof
a higher number of failures. The suction recireulation
inereases as the Spevific Speed (INs) incfenases [6].

The best way tw avoid cavitalion due w0 suclion
recifculation problerss 8 o select pumps having lowef suction
Specific speed (Nss) na above 9,000 umess they have special
designs. Many of above preblems can be avoided by designing
o selecting a pump rof iower Suetion Specific Speed (Nss)
values and limiling the range of operation Lo eapacilics sbove
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the point of recirculation. Based on values of the Hydraulic
Institute guideiines, if Suction Specific Speed (Nis) is abave
8500-9000, pump reliability begins W suffer exponentially.

To a designer, Specific Speed 5 an indicator of impeller
geometry; Suction Specific Speed i m indicator of impeiler
inlet geomelry. Suclion Specific Speed (Nss) accounts for
changes in NPSH, characteristics that are created withoul a
change i Specific Speed (N3 [7]

The types of cavitation which can oceur iy circulating water
pumps, their detection techniques, causes, possible wiys of
controlling and recommendations fxr operator/designer are
described in detail along with conclusien by the author
through a ¢ase study in this paper. Early detection of
cavilation @ circulating water pumps 5 mandatory because &
cany cause axial surging, pitting srosion, loss of capactly, head
and even complele damage W the impeller and reduction
pumps efficiency.

1. SuctloN EwERGY (SE), NS, NSS, NPSH,, NPSH;, BEP,
Nssas Nssr

A Suction Energy {SE)

Suction  Energy (SE) 5 another term for the liquid
momentum i the suction eye o a pump impeller, Which
means that & i5 a function of the mass and velocity of (he
Lguid in the ialet. Suction Foergy b defined =

(SE)=D, XNXS XSG, a

Whereas, D.=Impeller eye diamecter (mm), N = rotative speed
of the inpelier (rev/min), Suctién specific speed= N x Q 9/
NPSH ™), 5 = Suction specific speed = rpm x (O m'/h)
“HNPSHR) © . NPSHy = Head of the single smpe of the
pump at the best efficiency point, 5.G. = Specific gravity of
liguid pumped.

Using Suction Energy, pumps can be classified as "Low”
“High,” @ “Very High” suction energy with the limits for
each catepory somewhat variable depending o punp type.
This guideline as showa in Table I reccmmemﬁs NPSH
margin with respect o low, high, very high sichon enerzy
levels. Cne drawback of that guidelines was the gradation
between the different suction energy levels, however, these
guidelines have since been withdrawn [7].

B, Specific Spead (Ns)

Specific Speed (Ns), is the speed n rpm & which a given
impeller would operate if reduced (or increased)
proportionally i size o as to deliver a capacity & one gallon
per minutes (GPM) d a head of one foot By itself, this seems
meaningless, but if taken into bigger picture, specific speed
(Ns} become a dimensionless number that describes hydraulic
foatures of a pummp, and more specifically the pump’s
impeller(s} . The “specific speed” refers fo the discharge
characteristics of a pump whereas “suclion specific speed”
(Nss} refeors w the saction characteristics of the pump @

mipeller.
Ns = NN Qe Hug™ 2)

Whers N6 = Specific Speed. N= tomtive speed of the impelier
(rev/min}, Qo = Capacity of the pump st the best efficiency
point m m’/h, Hj= Head of the single stage of the pump al
the best efficiency point in meter,

Convert between Imperial  Unils (gpm) and  Metric
Units (m’/h, sy

Nss (US gpm) =0.86 Nes (memé m/hy

Nss (Metric 1/5)= 0.614 Nss (US gpin)

(1 gallon = 3.785411784 Litre)

(1 pallon/minute “gpm* = 0227125 m*h)

Specific speed (Ns} 5 a funclion of a relalionship between
flow and total dynamic kead and Suction Specific Speed (Nss)
5 & function of a relationship between flow and net positive
sugtion head reguired (NPSHg) and both wili remain constant
far a particular pump design regardless of its rofative speed
[8).

A high Specific Speed value indicates a high rate of flow
relation o the amount o head developed. For instance, m
axial flow pump, characterized by high flow and low head, & a
high specific speed pump. Conversely, a radizl impeller pump,
characterized by iow flow high head, 5 2 low specific speed
pump [9] .

The head vs. capacity curve is shown in Fig, 1,

Head
B

Fig .1 Head vs. Capacity Curve [25]

As a rule of thumb, the steepness of the head’capacity curve
increases as specific speed increases as shown i Fig. 2 A
lower specific speed produces flatter curves, while higher
specific speeds produce steeper ones. Lower specific speed
puimnps may have lower cfficiency a their BEP, hut a the
same time will have lower power consumption d reduced flow
than many of higher specific speed pump design. Al mediam
specific speed power curve peaks a approximately the best
efficiency point (BEP) [10].

Sydney Ausmalia Dee 10-11, 2013, §7 (12} Famt 1X
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Figg 2 Head vs. Specific Speed {10]

The high specific speed pumps ae more sensitive © the
effects of cavitation because of relatively shorter blade
lengths. When trimming the impelter diameter, the impeller
blade lenglh i also reduced . In some cases, the effecs of
cavitation blockage iaside the impeller flow path can be more
pronounced because they iterfice with pressure Tecovery.
Therefore, the degree of cavitation must be reduced o ensure
proper impelier hydraulic operation. Trimming the impeller
dizmeter of some high specific speed pumps will require
higher NPSH values, NPSH and impeller outside diameter
were compared at a 3% head drop rate by Hydraulic Institute
Standards (HIS) and found that when specific speed (Ns) s
small, NPSH does not show sigaificant variation, even when
the impeller puter diameter has been timmed. As it increases,
NPSH is largely coatrolled by variation of the impeller outer
diameter. The head dop pattems fir low and high N
impellers wre completely different. In other words, the pump
head drop falls off abrupdy when N5 is low, & moves
gradually whea Ns & hiph. Cavitation could become a
probiem as the increase in speed means an icrease in the
N.P.8.H. required [11].

C Suction Specific Speed (Nis)

Suction Specific Speed (Ns§) k& a number that &
dimensionally similar o the pump spetific speed and & used
as a pude to prevent cavilation. The suction specific speed
deals primarily with pump sucubn (inlet) side. The head (H)
term @ the denominator of the defining formula fior he M5 &
substituted by the NPSHg.

Nss = RPM (N) N @ (NPSHg, ** (3]

Where flow is i the (m*h) a Best Efficiency Point (BEP) and
NPSH for the pump at the best cfficiency pomt in meter.
Also if the pump s double suction pump then the flow value
© e used is one haif the total pump output. The higher
numerical values of Suction specific speed (Nss) or “(5)” e
associated with beiter suction capabilities. The NPSHp i the
denominator in the equation. The Nss rises & the NPSHg
reduces. The Nes drops s the NPSHy rises. Low Nss reduces
the pump’s stress when operaled © the lefi of best efficiency
point. Low NPSH, & desirabic 1o avord cavitation.

In additicn ¥ pump specific speed, there exisls two vaiues

1430

of Suction Specific Speed depeading v the fam of NPSH
used I *(2y". Suction specific speed required Nsgy 18 obwmined
when;

Nyp =NVQ/(NPSHL® “

Generally, the larger the numerical value of Nggg, he mare
favorable the pump’s suction capabiliies are Normal pump
designs exhibit MNgg values ranging from 6000 to 2000 -
12000 (with special material)  Greater wvalues are [ot
uncommon. I logically follows that the comcept of suction
specific speed available would be,

Nggq = NN @ (NPSH M &)

I was mentioned earlier that Pump specific speed was
primarily a pump designer’s 1001 As it tums out, Ny & a
very useful number even 10 day-to-day applications. Witk this
number, the on-set of cavitation can be predicted. Nggm must
exceed Ny, o order 0 preclsde Jiguid cavitation The
difference between the two quantities & koown as margio,
Ideally, [12].

Nssr >> Nasa

DNPSH,

The Net positive suction head available NPSH guope o 2
pump combines the effect of atmospheric pressure, water
temperature, supply elevatien and the dynamics of the suction
piping. The following “equation” illusirates this relaticnship.

NPSH, =Ha+/- Hz- Hf + Hv— Hvp

wherei-Ha is the atmospheric or absolute pressure, Hz & the
vertical distance from the surface of the water to the pump
centerling, Hf s the friction formed in the suction piping, Hy
is the velocity head a the pump's suction, Hvp i the vapour
pressure of the water @ its ambieat  temperamre.

ENPSHp

NPSHp is the head required a the pump inlet for
satisfactory operation of a pump, NPSHy & typically included
on manufacturers pump curves and 5 determined from
performance testing. Whenever, he NPSHp increasss, as the
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flow through the pump increases. b addition, s flow
increases in the suction pipeline, friction losses alse increase,
giving a Jower NPSH, a the pump inlet, bath of which give a
greater chances that cavitation will oeeyr,

NPSHg= H g —H vepar)
required ®© mainlain 3% TDH loss.

FNPSH Mxgin

Sufficient NPSH Margin is important for Pump Relability,
The NPSH margin & the amount that the NPSH,y,,, © the
puimp exceeds the NPSH,cqureq of the purmp, is shown m Fig, 3,
The NPSH Margin ratio (NPSH,/NPSHy) should be of about
1.3 © L7 just o achieve the 100% rated head valie Much
higher NPSH Margins are required i High Suction Energy
pumps when the pump & o low flow rates in the suction
recirculation region, The suctior energy determines how much
margin & required.

! Fump NPSHR
mle - - b . '
B »
" ‘ . = Y §
E '.kNpsn Margii’ -
§ oo Y
System NPSHA
® . ' - -
o | |
e 200, o @i

Capaaty — ppm

Fig 3 NPSH Margin Ratio [13]

In its prior Standard, the Hydraulic Institute recommended
the following minimum NPSH Margin ratio values fix the
threz Suchion Energy levels (Low, High and Very High),
above the start of suction recirculation, ard these are shown
below it Table I NPSH Margin Ratio Cuidelines is a5
fallows:- [13].

TasIET
NPSH MARGIN RATIO GUIDLINES
Suclion NPSH Margin Ratio (NPSH,

2
Energy NESHR)

1 Law 11-1.3

2 THigh 1320

1 Very High 2025

G.Best E ffidency Point

BEP & the poim # which the impeller diameter provides the
highest cfficiency. BEP & an important parameleT in that
many parametric calculations are considered when caleulating
BEP, such & size, specific speed, viscosity correction, and
head rise w shul-off. Professional users prefar that pumps
operate within 8% © 110% of BEP for optimum
performance. [14]. AWhile focusing on best efficiency pomnt
{BEP), Battinger & Ed Nelson plotted eight traditional non-
BEP problem areas on a representative H/Q curve. The
Barringer- Nelson curve shows reliability impact of operation
away from BEP & shown Fig. 4 [15].
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Fig. 4 Best Efficiency Paint[15]

11, SELECTIOK OF QUALITY PumMP

During selection of pump with quality, 2 user would prefer
1o provide 28 low NPSH, as possible, as & often rclates ©
system costs: far example, higher level of liquid in the basin
of the cooling water pumps requites faller basin walls, o
deeper excavation W lower a pump centerline below the liguid
level. A pump manifacturer, on lhe other hand, wants o have
mare NPSH,, with an ample margin above the pump NPSHy
p aveid cavitation, damage, and other similar problems T
other words, a wider margin (M) can be achieved either by
increasing the NPSH,, or decreasing the NPSHj, .

Since

M= NFSHa- NPSHg

Thus. 't may appecar ¢hat a lower NPSHy design &
preferentinl, and a compeling pump mansfacturer might
present a lower NPSHp design as ore that automaticaily
transiates ‘mto couslruchion cost savings- not having to
increase the NPSH,. Since a lower NPSH, design means a
higher value of suction specific speed (Nss), the design with
highest suction specific speed (Nss) may seem like best
option. I reality, however, this 5 not so, because if suction
specific speed remains high, hydrodynamic cavitation and
inlet eye recirculation will sill occur [16]. Hydrodynamic
cavitation problems ihat exist when the pump I operating a
points below BEP may be suppressed partally if NPSH, &
much higher than NPSH, 177

The impeller eye i usually made larger o reduce suction
static pressure neac e impeller inlet 2 much & possible ©
bower the NPSHp. However, i doing so, the larper eye
becomes o problem- not near the best efficiency point (BEP)
but a the low flow o which suction recirculation can oecur
(see Fig. 5)

Fig. 5 Suchon Recirculation [1}
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Recirculation also leads © cavitation, However, the causc
of this ype of cavitation i diffierent from what causes classic
cavitation that occurs @ high flow rates. The recirculation
produces a tornado-like pattern and & blade-to-blade flow
scparation pattern, which & a complex mechanism. The
pressure drops @ & result, and when that occurs, net positive
suction head suffers, For this reason, suction specific speed &
often limited to values below 8500(U.S units).

At high flow, intemal fluid velocities are higher. which
result n reduction of static pressure, which may then become
dangerously close lo the fluid vapour pressure and cavitation.
Thus, lower velocities result in higher localized stane
pressure, ie safc murgin flom the eavitating (i.c. ¢vaporalion)
regime, Since, the velocity 5 egual b flow divided by the
area, n lorger area (For the given flow} reduces the velocity, =
desirable wrend [16].

This & why a larger suctiont pipe & beneficial a he pump
inlet. Cavitation usvally occurs in the eye region of the
impeller, and if the eye area is increased - velocilies are
decreased, and the resuling higher static pressure provides a
better safeguard against vaparization {cavitation). So, a larger
impeller eye seems like a way to lower the NPSHg as shown
in Fig. 6 [16].

Larger impeller eye results it lower NPSHg & BEP but
cestain problems arise a off -peak operation ....

o 10"

g
5

i
smak sye e

Fig. 6 Small & Large Impeller Eye [16)

Unfortunately, the flow of liquid a the impeller eye tegion
is mot & simple and uniform & & ¥ & a8 straight nn of a
suction pipe. Impeller eye hes a curvature, which guides the
wrning fluid, like a car along the sharp curves of the road, into
the blades and towards the discharge. If a pump operates very
close ®© its BEP, die inlet welocity profile becomes
proportionally smaller, bur the fluid particles stay within the
same paths. If, however, a pump operates below its BEP. the
velocity profile changes, ad oo Jonger cam maintain its
uniformity and order. Fluid particles then begin © separate
from the path of the sharpest curvature (which % the impetler
shroud area), amd the resulting mixing and wakes produce a
turbulent, disorderly flow regime, which makes matters
difficult from the NPSHy standpeint.

The upshot of all this & that larger npeller eye does
decrease the NPSH, at the BEP point, as shown i Fig. 7, but
causes flow separation problems o die off-peak low-flow
conditions. T othet wotds, a high Suction Specific Speed
(Ngg) design & beiler only if 2 pump does not operate
significantly below its BEP point [16].

1492

Fig. 7 mpeller Eye vs. NESH, [16]

interestingly, with very fow exceptions, there i hardly o
case where pump operates sirictly a¢ the BEP. The fow
demands al the plants change constantly, and operalors throtile
the pump flow via the discharge valve. High Nes designs ae
known w result it reliability problems becawse of such
frequent operation in the undesirable low-flow region. Actual
plant stady bas shown, that above Nes of 8500-2000, pusps
reliability begins to suffer-exponentially [ 16].

Nes number s 18ed o predict cavitation problems with your
impeller selection. The flow apgle of the inlet vanes and o
nurmber of vanes affiect this number. A desired value woukl be
below 8500 with impellers having a flow angle of abow 17
degrees and five b seven  vanes. The higher the flow amgle
number, the fasier the liquid will eravel and the lower suclion
head (pressure} we will get. The higher the suction specific
speed. numbers the rerrower the stable window of operation
which cart be seert in Fig. 8 [24]

6%

(] n an su L w00 12U 140
Pumyp Flow % of BEP

Fig. 8 Window Margin [24]

Some manufacturers will cut away the impeller inlet voned
o reduce fluid drag and theceby lower the NPSH required. I
this has been done, we must cnsure (hat the impeller ©
casing’volute clearance i adjusted correctty or else will
experience internal recifculation problems and cavitation i
the impeller outlet vane tips. Keep the Nos mumber below
8500 and this problem should never come up.

While selection of pump, specific speed (Ns} always pluys u
vital role 1 deciding how much flow ad head & roguired
fror: the pump. The steepness of the head / capacity curve
increases as specific speed (Ns} increases. Normally, Speaiic
speed (Ns) & selected high for higher efficiency as shown i
Fig9.
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o case NPSH, & not sufficient © mainiais NPSH margin
o then manufacturers devide to increase Nss far reduving
mSHR because NPSH, cannot be increased afler imstaliation,
NP7 g mind that cffiefency and power consumption are
Ke ulated at the best efficiéncy pont (BE P.). Lower speaific
9 .i pumps may have lower efficiency a the BEP, but al
s some time will have iower power consumption m reduced
””,‘ than many of he higher specific speed  desigrs.
ﬂf‘ resdt & thar i might prove » be more economical to
ﬁr alower specific speed design if the pump had B operaie
,(a broad range of capacity.
|:h0ugh opinions vary on the Nsg value for a conservative
3 mergimal design, many engineers i industry haVE found
V& following to be desirable maximum:
For cold waler and gencral service applications, suction
specific speeds are setected in the 8500 range and lower.
For boiler feed putnp and condens ate applications, and for
general hydrocarbon services, values of suction specitic
specds typically range between 8500 and 0000,
Pumps desigined for suction specific speeds i excess of
12000 are generally for special application only [15].

-

4 Suetion Specific Speed Ny & Panp Reliakiliy
A high suclion speed design often results in reliabitity
plems because of frequent operaton i the undesirable
P Jow range. Based on the Mydrawlic Insutite (HIS)
delmes‘ If suction specific speeds (Nss) are sbove 8500 o
g.’ml pump relisbility begins 0 suffer exponentially, can be
B & from Fig. 10.
Iy
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Fig. 13 Cavitation Repfons {20]

B NPSHy, Testing

Suction specific speed 5 used as a measure of cavitation
performance of a pump. Pump manufacturers detcrmine the
characteriste shape of the NPSH, curve fir each impeiler
theough carefully controlled shop testing, hydraulic modelling
and computer simulation. Hydraulic Institute Standards L6
gives strict guidelines for conducting shop testing and s used
by most pump manufacturers, Pumps are normally connected
0 closed-loop pipmg circuli where water lows from a suetion
tank {or sump) trough the pump and then back o the tank.
The discharge [low rale, temperature and pressure arc
carefully measured and controlled tiroughout the test.
Hasteplly the wst & conducted 2 a fixed fow rae md speal
while the suction pressure s edoeed. Ly reducigibe suction

e e 0 poand i ewehod whes e walor et o sapong g
thue,  jmndiig L L G N T TR [ CLEAT Y

drop in head The test is conducted again a anothsr fixed flow
rale and again the resuling suction pressure and flow rae
value are recorded a the “ecavilation™ point. Once the series of
tests are completed, a smoetli line drawn through the
recarded data and plorted. Fig, 14 illustrales a typical series of
test results and the resulting NPSHg curve.

SRR Vb
B 'k
a ,Emn 3 CET, A
d T 1 _//
-
'E rz:_Oq
FoE ]
Lot FLOWRATIL

Witk T L Ui (2111




Sydney Australia Dec 10-11, 2015, 17 (12) Part IX

Impalior
with broad

Fig. 9N vs

In case NPSH, is not sufficient o maintain NPSH margin
ratio then manufacturers decide o increase Nss for reducing
NPSHy because NPSH, cannot be increased after installation,
Keep i mind that efficiency and power consumption are
calculated at the best efficiency point (B.EP,). Lower specific
speed pumps may have lower efficiency at the B.EP, byt a
the same time will have lower power consumption a reduced
flow than many of the higher specific speed designs.
The result is that i might prove b ke more economical 1o
select a lower specific speed design if the pump had b operate
over a troad range of capaciy,

Although opinions vary on the Nss value fix a conservative
vs. a marginal design, many engineers i industry have found
the following © be desirable maximum:

# Tor cold water and general service applications, suction
specific speeds are selected in the 8500 range and lower.

#  For boiler feed pump and condensate applications, and fix
general hydrocarbon services, values of suetion specific
speeds typically range between 8500 and 11000.

# Pumps designed for suction specific speeds in excess of
12000 are generally for special application only [18],

A Suction Specific Speed Ny & Puonp Reliability

A high suction speed desigh ‘often resuls reliability
problems because of frequent operation M the undesirable
low-flow range. Baged on the Hydreulic Institute (HIS)
guidelines, if suction specific speéds (Nss) are above 8500 1
9000, pump relisbility begine © suffer exponentially, e be
seen from Fig, 16

FaduteRite

..

b——————— 5
Fig. 10 Fallure Rate vs Nss [16]
For pumps of nonoal design, valuss of “Nss or 8 vary
from 600G o 12006. I special  designs, including

inducers, higher values @n be obtained, however, special
material may be requited for continuous operation,  Actual
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High Efficiency
plant studies have shown that above Nss of 8500-6000 have a
peor religbilicy reeord, The reliability of a pump &
meaningfully related 1o its suction specific speed (Nss). Fig,
11 shows the failure rate vs, Suction Specific Speed [19]-

[24).

e ,,,,pd* & Tw e

Faiture ﬁ'equem:v

Suction spacific speed ranges (US units)

Fig. 11 Failure Frequency vs. Suetion Spectfic Speed [24)

Realizing this, around mid-1980s, users started © limit the
value of the suction specific speed and the Hydraulic Institute
uses a suction specific speed of 8,500 as a typical guiding
value,

The following graphs represent the value of the Thoma
cavilation parameter o (sigma) vs the pump specific speed
{Ns} and the suction specific speed (Nss). This chart can he
foud in the Pump Handbook published by MeGraw Hill It
can predict the onset of cavitation and we can vse it i help 15
diagnose f pump & cavitating. The value of the Thoma sigima
number o & given in the image from the Pump Handhook
shown in Fig, 12,

Value of Thoma sigma o = {(NPSH/H); NPSH or Hsv (Total
inlet head in FT or meter) above vapor pressure of the fluid
pumped referred o centerling of the impeller, H= Total pump
head in FT or Meter for mulli stage pumps: consider first stage
only. As we can see there & a safe region in the upper left
corner of the graph. If calculations for the specific speed and
the suction specific speed indicate that designer/aperators are
in that region then everything should be fine. The lower right
region & wnsafe and if'in that region there is no doubt that the
pump will cavitate. In the middle is a gray zone where pump
may or may not cavilate & shown in Fig, 13 [20)
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Fig. 12 Cavitation Parametera (sigim) vs. Ns & Nss [20]
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B NPSHy Testing

Suction specific speed & used a5 a measure of cavitation
pecformance of a pump. Pump manufacturers determine the
characteristic shape of the NPSHp curve for cach impeller
through carefully controlled shop testing, hydraulic madelling
and computer simulation. Hydraulic Institute Standards L6
gives strict guidelines for conducting shop testing and & used
by most pump manufacturers, Pumps are normally connecied
o cdosed-doop piping eircuit where warer flows from & suction
tank (or sump) through the pump and then back w the tank,
The discharge flow rate, temperature and pressure are
carefully measured and controlled throughouwt the test.
Basically the test & conducted ar a fixed flow rate and speed
while the suction pressure 5 reduced, By reducing the suction
pressure a point & reached when the water begins to vaporize
thus causing the pump ® ecavilae, The characteristic
“cavitation” point 8 the flow rate that is exhibited by a small

drop in head. The test is conducted again & another fixed flow
rate and again the resulung suction pressurs and flow rate
value ae recorded a the “cavitation™ point, Once the series of
tests are completed, a smooth line is drawn through the
recorded data and plotted. Fig, 14 illustrates a rypical series of
test results and the resulting NPSHg curve.

TOTAL HEAD:

Fig. 14 NPSH, Curve {21]
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A pump cavitalion point can be difficull ©n define. The
formation of vapour bubbles is a gradual process, starting
slowly and increasing with flow rate,

The API-610 defines the eavitation point as ¢ three percent
drop in head. This is w0t 0 say that pump cavitation does Tot
ocenr o smaller values, i i just diffieult o accurately
measure o smaller values. ‘1o obtein a single point & &
necessary o run a pump (x a period of ime and allow the
fesling circuit © swabilize o the reducing suction pressure,
Remember that vapour bubbles are furming and instruments
need tfime fo react fo e fluid dynamics [21],

C Impelier Diameter & Head Kelationship

Lurger pump impellers produce grealer values of head for 2
given speed. This s because the head & proportional to the tip
speed. The relationship of head b Gp speed cn ke
approximated by

H= Vg )]

Tip velocity ean also be rclaled © impeller diameter and
rotating speed ic

F=nxlniAd (6)

Equation “{5)" and {6y, it can be scen that changes in
mmpeller diameter will have a direet offioct on the pump head,
For example, reducing the impeller diameter will lower the
pump head by a facior of four. Since the cavitallon point is
identified by a three percent drop in pump head, it & logical
that any change m impeller diameter will have a direct effect
on the NPSHg wvalue. For this reason, most pump
mamifacturers provide u single NPSHy curve for a given
mpcller diameter. Inlel fip speed values below =15 ms are
considered low, while values oxeceding = 30 mjs are
considered high and should be evaluated for adequate NPSH
margin [21].

IV,  Low & HIGH SPECIFIC § pEED(NS) vs. NPSH

The change in pup poformance with changes ' impeller
diamefer can be predicicd simiarly 1o that with speed change
ulllizing the affinity Laws:-

& Pump Flow rate Q varies direclly with the diameter (DY &
flow’ s proporiional 1o speed Le 0l/02= (D1/02) (M1/NZ)

. Pump head {H) vanes wilh square of te diometer (D) &
Head &5 proportional to the square of the speed. ie
HI/H2= (D1/D2F ~ NIP W22,

* Power absorbed vanies with the cube of the diameler (D%
& power is proporlional © cube of speed ie P1/PZ =
01/D2) 7 ~ w1 M

Low Ns and [figh Ns impellers are compared with 3% head
drop condition.  With a low-specific speed impeller, the outer
diameter & cssentially large, and the blade length is greater
than” in case of a lgh specific speed Ns impetler.” Thus, the
“impeller flow passages of a low Ns pamp wre not &5 apt 10 be
blocked. even when cavitation develops, beeause thers' i more
istance between the impeller infel and outlef For this reason,
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winusing the impeller lo m extent that will not adversely
affect puoip efficieney will not canse NPSH to notably change
.

I case of high specific speed (Ns) pumps, the impeller
outside diameter is relatively small in comparison w© Ihe
diameter ofa low specific specd (Ns) impeller. Therefore, the
distance between the impeller ouflel and caviiating zone of a
high Ns pump is shorter. In other words, the relationship
between impeller oulside diamefer and the blockage of fow
passage produced by the cavities become more sensitive in
high-Ns impeller. Depending on the amount of trimming, the
impelier oufside diameler approaches the cavitating zone and
the complete restorafion of presswe after the cavifies have
collapsed docs not become sufficient This results in a
relatively lage head drop and marked deferigralion 'in the
sucfion performance. when compared with low-Ns impeller
[h].

The ‘impeller diameter of 2 mixed iflow pump has a
sirong mflugnce on the pump NPSH and that the rae of NPSH
varjation  largely conirolled by specific speed Ns, Tharufure.
we may conclude thal impeiler diameter and NPSH are related
and the reldtionship becomes more acnle @ suction specific
speed’ mcrenses for reduchon of NPSH,.

V. CAVITATION

Cavitation occurs when the pamp cannot get enongh fluid
flow 'mt the impeller & the resulting reduction 'in pressure
causes the liquid 10 vaporize and firm bubbles. These bubbles
can grow dramatically & choke an inlel, further reducing the
flow of liquid & the performance of the pump In addition, the
bubbles ean implode with fremendous force, literally tearing
away d the mefal surface The resulling increase in siresses,
vibralion and péise wm lkad o premature  component
replacement and i sDme cases complete pump falure

A Tupes of Cavitation

1 wo main types of cavitation may occur i a pump, suction
cavitafion and discharge cavitation. Suction cavitziion eccurs
when there is low pressure at the mnpeller cye providing a
region’ m which the pumped liguid can vapotize Subsequently
the formed vapour bubbles move imo regions of higher
pressure as they travel towards the discharge and collapse.

Discharge cavitalion occus when a pump & operating
towards the igh head end of its pump curve resulling in the
majority of the pumped fluid circulating around the pump
impeller AWhen this occurs the fluid &5 (orced through the
clearance belween the mpeller and the pump housing 2 ligh
veloeity resulling in formalion of 2 low pressure regon i
which cavitation can oecur, To avoid cavitation when
designing a pnmp sysfem, one should pay spetial attention w©
Net Positive Suction Head requirements NPSH,, [22]

B.Cavitanon Svmpions
The high frequency randem vibraton.
Sounds like pump s pamping gravel.
Although amplifudes may or may not be high enough 1
affect  bearing lifc  significanily, cavifalion causes
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excessive wear on the impeller and other intermal
COmponenis,

s May come and go from one collection to the next as load

varics.

First slep should be assessed operafional parameters - flow
rales and pressure- that can influence this vibrafion, Second
step shonld be an inspection of inlernal components for
excessive wear with particular attention paid o the impeller
vanes [233.

C Cavitation Derection Technigue

Rol¢ of vibralion along with making that loud poppmg
sound, the collapsing vapour bubbles erese certain vibralion
patterns - and the vibrition analysis rules tor detecting
cavitalton are (airly wen undersiood. The ability to delcet high
frequency energy at a pump and delermine whether this
cnergy s nerensing o decreasing s one key W recognizing
cavitalion. If the high (requency energy & increasing. the
cavilalion is pedling worse, and the impeller and scals arc
probably sustaining damape. Increasing vibration can also
place added stress on the pump bearings, causing accelerated
wear ot these components & well Too low a lignid in a
suction fank /sump can very guickly reduce suclion pressurc
below the NPSHy of the pump, thercby causing pump faihire.
In addition, f antivortex baffles arc badly desigued or even
missing from the suction tank, then vapour/air can be drawn
into the sucfion vortex resulting in pumps problems similar .
and including, cavilation and surging,

The mechanical problems conld be causcd by poor
mechanical design wnd Jor an incorrect o oversized pump
selection, [nsufficient shaft siffncss can be e reason for
bending of the shaft and /or high vibration amplitudes, causing
failures of the mechanical shaft seals and or wear of weer
rings The following specirum visnally shows the difference
hetween these nvo phencmenons
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Fig. 15 Cavitation & Redirculation [22]

The area of cavilafion & within the eye of the impeller,
therefore, there arc no vane pass freguencies. Cavitation can
cause axial surgmg, which, 1 excessive, will canse demage o
both bearings and scals. The spectra produced have a very
broad frequency range wilh low amplitude. The highest
amplimdes arc most often found ‘m the suction arca of the
punp and are usnally highes! in the axial direction I is also
significant w0 nole thal m eovitation the peaks are non-
synchronons, and there b ako a ot of broadband noise &
shown 'in Fig. 15.

196

Note the ditterence between cavitation and re-cireulation.
It & very noticeaple thal there s now a clear peak ab the
impeller vane pass frequency. The cure for re-circulation is &
operate the pump a or close w0 its rated capacity for the
operating conditions and 10 avoid cxcessive turomling on the
discharge side. Re-cirelation can also be identified by
washout of the itnpeller exit faces. This usually shows up = a
polished, sharp cdge on the impeller exit face, & should be
noted that cavitation becanse of internal recivculation & not
eliminated by increasing the stetion head [22].

D Prevem Cavitation in Existing instaflation

Cavilation may be avoided by increasing the NPSH.

andor reducing the NP8 (Sec Table 1k

. The NPSH, may be increascd through he following
methods

# Reduce the length or increasing the diameter of the pump
suction line and reducing the number of fittings n the
suetion line. This will reduce e suction piping friction
head.

# Increase the height of the pumping fluid © inercase the
swtic pressure head,

» Reduce the temp of the pumping thid a the pump
enirance for example moving a pump o the retumn line of
a heating Auid system. This will reduce the vapor pressure
head.

s Pressurize the pnmping fvid supply tank This wall
increase the head at the fquid surface.

s« Reduee the flow rtate andor Huid velocty. This can be

achieved by reducing the pump speed and will reduce the

suction piping frictton head.

The NFSHp can be reduced theoupgh the (ollowing

methods

» Throttle the punp discharpe using a throtling valve or a
restriction orifice. Thig wilt increase the pump head by
reducing the flow rae & operate the pump i a lower
NPSHR region.

» Use of an oversized punp & usc of an ‘ompeller with a
larger diameter cye.

2
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TABLEN TABLE IV
PREVENTC AV
CAVITATION FK.U“ EXISTING INSTALE ATION TrCIMILAL SPECIFICATION OFSTATION *A™ & 0
Ehminaie Redoce NFSHy or Ferformance& Pump Swppli "
Cavitation 11 crense NPSH, LiTicency 2 e Byt
* Haise discharge s Al nflect  offici EuEa & (ll)
y  Pedoce + (versize pnm%; o be carefisl, ] Gugranteed design enpaeiy ( m*hr) 31000 0000
NFEH, s Lse mpeller wehoe The  cavikes o Guaranteed Totd Head (MWC) =0 n2
larger eyciinkei) bubbles will collapse Shutoffhea<l ofhe pump 1915 3978
when ey pmt o NoofPumps 5
the higher regons of Impell . Save: SN g
e SR mpelleriype Mixed by Muixed Fiow
‘% g Impeller dia 28 wrlet (DI outler DIOY mm, 13971604 172.01576
* Rase heght of lise: wEboien gad Lnpellereye nm Small-A7 o
. fids damage ® manyofihe o ma e/ Larged04
3 Increase * Lowerpump l‘rumpomnls. 8 fi g ars . nf
NPSH, * Reduce ppe I"ictign Ve nexaetence 43 lns S Q DRSS gl iy
«Mscssueemmpriysak r: capactly Suction Specific specd [NPSINR 10106 9889
¢ ‘e pump an g Combied st Critieny specd 0
» Reduce puipspeed.  tonyer buld e sime nd Cretical specdsp 14:0 1;,23
M d = - -1 -
; 'ﬂ: (‘I": s;"::_j_m“c NTSH (Abavail. d nun. waier feve) 34 3@
patnp i NPSH (R) required 26 i
Thama signwn o o 0.51
NPSI1 Margin Ratio 14 14

VI CASESIUDY EXPERIENCED AT STATIONS AL B

Twe sinilar super thermal power staltons one havieg
capacity of 3 mits of SO0 MW rating (Station “A°) and
other payving o units of 500 MW raung (Swation “B") which
are Joemed in t¥o ditferent Sttes of Tadia, Wlile orc of the
Super Thermal Power Stations “A” Stage-I (3XS00MW)
having six CW pumps were Facing high vibration problem, the
other power Station “B” Stage-Il (ZXS00MW) having fve
OV pumps of the same make but did not have any such
probuem s far as vibralion & concerued, Although technical
stipujations for both the staliens are the same. the same pump
suppliee assumed dfiff erent specific speeds while selecting the
pumps for these two stations. The data sheer provided by the
pump supplier for these two stalions are ps Follows (Sce Table
1 & Tahle TV)

TABLENT
DATASHEET
Moator Make BHEL
KW 000
Volinge i
Current 200A
over speed A0
Spew REES
Nose level & dBA

Motor iop T pm (mcromelgr)

*High Specific gieed pump: * Low Specilic speed pump

Study of Thgh Nare & Vibration Problem

CW pumps o Stotion “A“ have been cxperiencing  high
vibratien agd nojse problems since commissioning uof the units
whereus CW pumps comnussioned & Station “I3* e working
satisfaclorify,

From the above techrical specifications. it is evident that
specific spoed selceled for Station “A" pumps wis high (ic.
4978) Whereas e scleeted specific speed fir Stalion “B was
low (i.c. 4669). Hence. the major difference between (he two
speeificaiions & specific speed only afthough the supplier for
the pumps in both ofthese stations happened © be the same.,

As i peen broyght out earlier while Specific Speed refors
© tle discharge characteristics of g pump, Suction Specific
Speed, as he mame implics, refas o the  suction
characteristics The high specifte speed generates high flow
and low head whersas low specitic speed generates low flow

rand high head.

In order to jdentify the rool cause for high vibration and
neise levels i she pumps @ Siation “A” one of the pumps
was physically “mspected and & was found © have high
cayitation as shown m Fig. 16 and that teo within a very short
span of plant operation,

Syilney Ausirulia Dee 16.11, 2008, 17 (12) Pan X

the water Ievel i the sump, the vibralion behavior of pump
wes recorded and @ was obsersed o diff erent load conditions
that the oaerall vibrabon data m OW Pump#lA Mowr NDE &
DE beurings were  exhibiting  decrcasing wrend a (B
recireulation, The reduction 'm vibration levels 10 488 pm peak
W peak from 662pm penk o peak was obscrved by ruising the
sump level by od meler which & an indication that NPSH
margin ralio (NPSH, NPSHyy & improving. Further, with

increase of water level in the sump, a reduction in noise levels
was also noliced This i an addilicnal indication that the
pump had storted getling sufficient NPSEH,.

The vibration <data and  corresponding aperational
parumeters were recorded al 470 MW at CW Pump # 1A o
Station “A” on 19t July 2043 al wvo different sump levels
namely @t 7.6 meters and B omeers  level roespedively are
shown m Tuble V.

TAHLE v
VIDRATION DATA SO0 RA BN PARAME 18 T AKEN DURING lE STUDY

Motor NDE Motor DE :.'l:il,“r'; Hewstculaism Operaton parameters
|z (mucromeicr Jinn (pmicrometer) ”' MW Bz m'h Dscharge Pressure in kpem®
{H) i¥) A) I v A Meter % AP Al 00 5000 30000 19 kse
218 i e H AR ) Ta 0% 48 KO 470 4080 X 17 ke
pliY EL 13 Ll 2% 12 L2 04, 70 140 40 Wi X+2500 18 Jac
150 a8 L4 w ALk i111) X0 Mo 40 LIS *3l6 5017 X 1P ksc

L-Pegpradiculur © duchinrge,  V¥orakel todischarge,  A-Axal,
*Load i Megawatt Teduceds | low n Quantity X =20,000 mh; Dischorge Peessure 1n ksa; AP MWC sunds fox Meter of Water Column (Pressure Uiy
T I3HEL desin 500 MW Vibration in jum-tuicroniguir (peak o pankl Veloeiry i s peak,

It clearly shows thal mecrease n sump level o B0 meters
frem 7.6 mewrs resuncd i oan apprecizble reduction m
vibration & nois¢ levels. The pump was alse checked for
abuermal vibratien if any by opening the recirculation valve
1095 also,

It means that suction head NPSH, may bo inswfficient for
particular impeller profile, (DI-1397 nm & 130-1614 mm),
which i having high spucilic speed (Ns-4978). In other wards,
discharge head generated by uus impeller profile (INs-4978)
selected by the pump supplien. was critical with available
siction hepd (NPSHL) which was leading o cavitalion,
Whereas, Station “B” pumps which had been commissioned
with lower specific spead  (Ns-466% and having  larger
impeller eye diameter (DI -n72 mm & DO-1376 mm), are
operating satisfactorily wilhout any sign and symptoms of
cavilationimernal recirculation. The impeller profile of CW
pump @ Statien “B* s m example wheréw impeller ey arca
is lurge and Uierefore there & no cavilafion, can be seen from
Table M and Fig. 17 b).

TABLEVE
Dval NSNS 1, & AFTER INPE R IPLACT AENT
Speile Hpeed 1049 & Kns Hbai Gnun
Station “A” 4078 (wah covilation) 1397 1nld
Suaton *B" 4669 (with nocawitation) 72 1570
Modified [mpelies installed ar Stanon “A* a7 1540

sinular 0 Siuton * B (with o cavitanen)

Dunensions of Impeller Before & After Replacenient

ety
| 1340

Fig. 17 (b) Low Ns impeller

“Cavitation wsually ocenrs in the eye repion of the impeller.
md if the eye aren i increased - velocitics are decreased, ond
the resulting higher static pressuee provides a beler satfpuard
ugdingt vaporization (cavilation). So, a larger impeller eye
seeis like a way k lower the “NPSHR™.

Based on the above swdy, % was decided © wse larger
impeller eye a Station “A” similar © that ol Station “B”,
Subsequently, one of tie CW Pumps has been replaced with 2
new modified tmpeller having dimensions ie DI-1 172 mm &
DO-1540 nam, (as shown above larger impeller eye), which is
operaling within just salisfacierily vibration limits since last
almost one year.

The maximum vibralion readings recorded on 15" October
2014 a Molor NDE beariag of he same Pump were 193 um
peak 1o peak and velocily i.e 6.42 mmisec peak a 8 meter
sump level and 175 pm peak o pedk and velocity te. 6.55
mmsee peak at 7.8 meter sump level respectively @ shown in
i IR,

& SRSy

< oot N
Fig. 16 Cavitation uflmpellctﬁﬁ - l I ‘_I-
. 1 order o ascenain te rensons for cavitation’m ihe pamp ‘ ' e
impelder. an exertise was conducted on CW pumps & Station I 1514 — —%‘
“A” by raising the water level i the forcbay o 80 meters
from 7.6 meters. During Ihis exercise of gradually increasing Fg 170 aligelh N ompelier Fig, 18 Sump Levels
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The motor solo nm had slightdy high vibrution of the order
of 146 wm peak w peek which could have been brought down
o m acceptable limit 1o reduee pump vibration further. The
impeller replacement resulted in substanlial reduction of noise
level, but slight fncrease @ current consumption lo 190
ampere from |83 ampere.

In order w check effect of system resistance, totd pregsure
drop across the comdenser of similar machines was collected
and compared against the normally specificd value of 405
MWC tir 500 MW units’ condenser. From the analysis of the
operational data (pressure drops across condenser) o Stations
“AT and “BY, i 8 evident that ahhﬁugh the pressure L]l’Op
across lhe condenser in Station “B* i higher than that ar
Station “A™ thereby meaning that althoupli CW pumps m case
of Station “B" are experiencing a higher system resistance il
they arc not facing vibration eo account of cavitation, (scc
Tahble VII).

TABLE Vil
PRESSURE DROPS 3 CONDENSERS AT STATION ™A™ & 14"
Normal
Pressure Drops P MWC
PASS  PASS
T
Ut " o 40 AQ

Stonoi A" Siage-T, Umitkl 48 48 Normmwl  Norma!
Station“B™ Sipge-1I, Uni#s 44, 70 Moderate chosking

V1. CONCLUSION

The reason is very evident: NPSH margin ratio wes critical
a high Ns pump impeller at Stalion “A" however. the same
was suitable for Jow N pump impeller, Pump was not getting
cnough suction, as a result vaporization was taking place at
low pressure areas inside the impeller which ld to bubble
formation, These bubbles created in the suction side normally
go to discharge side where pressure & high. Lmplosion &
taking place creating pirting on tie suction components as well
& on the impeller which resulted in cavitation, exhibiting high
noise and vibration too, Tlie raising water level in forchay by
04 meter improves NPSH margin‘ratio which resuled in
reduction of neise and vibration levels. Tt & confirmed ihat the
larger impeller cye helped i improvement of NPSH margin
ratio although with marginal increase it power consulfiption,

Meikods for Improvement of NPSH Margin Ratio
The improvement n NPSH Margin are gencrally limited in
a existing installation, there are #ill some choices available
Changes 1o the system that will increase die NPSIH gvailable
include:
= Increase the supply tank elevatlon o (he water level in
sump & Lewer the pump elevation.
=  Eliipinate any [ow restrictions in the suction piping (such
as a strainer).
= Opsrate a a flow rate less than the puinp BEP
s Install an inducer, if available
»  Change to low NPSHg impeller, ift available.
= Operate the punp o a slower speed (it driven by a VEDY,
o install a VFD
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*  Lower the waler lemperature thus reducing  vapour
pressure or add booster pump.

RECOMMENDATIONS

Investigations established that cavitation was tsking place
in the pump whicli & due b high Ns or inadequate NPSH,.
The impeller profile should be selected W such a woy o suit
available suction head m avoid cavitation

A Civil Aspects

As discussed in the forcgoing. the general concept is that
NPSII, should be greater than NPSHp o aveid suction
recirculation / cavitation. The question then arfses, how much
margin of NPSH, over NP'SHy & enough, the answer o the
question & that it should be greater than =15 Inadeguate
NPSH margin may allect pump head, nofse, and vibration —
all leading w© reduced pump service lfe: aml higher
maintenance costs. For adequate WPSH, decpening of suction
trench is required. not the entire sump.

B Svstem Engineering Avpects

Technical specifications of CW pumps for new projects
may be rovisited fir keeping enough NPSH margin ratio for
better pump reliability & ef ficicncy. Based on the experience
gained a Statfon “A", it i generally good practice 0 add m
additional 3-5 fet of NPSH, over the margin values
account for disparities between test dala and  actual site
conditions.

C Cenduion Manitoring Aspects

Root cause falure analysis has to be done before deciding
action for replacement of pump & its profile.  Condition
Monitoring s the most inportant tocl in identifying problem
in such pump and has become accepted and proven
worldwide.

D.Seleciion of Quality Pump Aspects

Actual plant studies have shown that Ny abave 9000,
pumps reliability begins © suffar — exponentially, therefore,
while sclecting a pump care must be taken to kecp suction
speeific speed (Nss) value below B300 for cavitadon- free
operation.
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