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

and Vibration 
Chondra Gupt Porwa\ 

Abstract-Elr;ecssi\·e vibra1ion means incmiscd wear, increased 

repair efforts, bad product selecuen & quality ood high cncrl)' 
consumplion. This miiy be somctiincs experienced by cavhetlon or 
suction/discharge rcdrculotion which coulJ occur only when net 
positive secttcn head 11v11il11ble NPSI IA drops below lhc net pesluve 
suctioo ht:ad rcquiml NPSIIR. C11vitation con cause axial surging. i(it 
is excessive, will damage mechanical 1e11l1, bcariniis, possibly Olhff 
pump components frequently and shorten the life of the impeller. 
Efforts have been made 10 explam Suclion Energy \SE), Specific 
Speed (Ns), Suction Specific Speed (Nu}, NPSH,., NPSHR & their 
significance, possible rca5005 of cavi1a1ion /internal rccirculalion, ils 
diagnos1ics and remedial measures to arrest and prevent cavitation in 
this paper. A cue srudy i!i presented by the author highlightinS that 
the root ceusc of unwanted noise and vibration is due to cavitation, 
caused by high specific speeds or inadequate net· positive sui:tion 
head available which results in dlmaiCS lo material surfaces or 
impellff & suction bells and degradation of machine pert"onnancc, its 
capacity and efficiency 100. Aulhor Slrongly recommends revisiting 
the technical specifications or CW pumps 10 provide sufficient NPSH 
margin reucs >l.5, for fu1ure projects am.I Nss be limited to 8500 - 
9000 ror cavitation free operation. 

KtyN"Ordl'-Desl efficiency point (OEP), net positi,c suction 
head NPSH�. NPSMK, specific speed Ns, suction specific speed N., 

l. INTRODUCTION 

T
HE tcnn 'cavitation' comes from the Latin word caws, 
which means a hollow space or a cavity! I]. Cavitation is 

we11 recognized as a phenomenon that may cause serious 
pump malfunctioning due to improper pump inlet conditions. 
It is, therefore, important for the pump users 10 understand 
what cavitation is, what it potentially cen cause, and how it 
can be controlled (2J. Sometimes cavitation has been so severe 
enough to wear holes in the impeller and damage the vanes to 
such a degree that the impeller becomes very ineffective. 
More commonly, rhe pump reliability and efficiency will 
decrease significantly during cavitation and continue to 
decrease further as damage to the impeller increases. 
Typically, when cavitation occurs, an audible sound siinilar to 
'marbles' or 'crackling' is rcponed lo be emined from the 
pump. Cavita1ion is one of the most imponant causes 1hat 
affects performance, operability, reliability, efficiency and 
pump life too [3]. 

Accordmg to Hydraulic Institute Standards (HIS), 
cavuarion is the condition in which a more than Jo/. drop in 
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the head pressure is experienced across a functionin& pump. 11 
is a kind or '"hcan failure" of a pump during operatKln. The 
pump suction side experiences a reduction in net-positive 
suction bend (NPSH) pressure which is the main contributing 
factor in formal ion of bubbles while lhe pumping side is under 
high pressure. The effects or-reduction in pressure rcsulling in 
cavitation will portray various impcrt"cctions. First, a pwnp 
experiencing this condition will have a reduced capacity. This 
is because, bubbles formed take up space which could 
01herwise have been taken up by the liquid. As a result the 
delivery capacity of the pump is greatly reduced. In some 
cases, a big bubble can create itself at the eye of the impeller 
causing the pump to lose its ability to suction the liquid being 
pumped. Cavitation also causes a reduction of pump head or 
potenlial height which the pump can deliver the liquid being 
pumped. Bubbles arc like balloons of air which arc 
compressible in nature and this factor leads to reduction ofthe 
head and pressure of the pump. In actual fact, all these causes 
a drop in pump efficiency and its reliability 10 pcrfonn its 
desired function efficiently. When these bubbles pass into 1hc 
region of higher pressure, they col!apse causing noise and 
vibrations leading to a lot of damage to the pump and its 
components. This kil"ld of eeviration is known as NPSHA 
insufficieney[4J. 

Insufficiency can be subsided by either improving the 
NPSHA or by reducing the NPSHA. by trimming the suction 
characteristics of impeller, which means increasing the 
Suction Specific Speed (Nss) (whereas 1mpellr:r trimming 
reduces tip speed, which in tum directly lowers the amount of 
energy impanr:d to the system fluid and lowers both the flow 
and pressure generated by the pump [SJ. 

A high Nss may indicate lhc impeller suction eye is 
somewhat larger than normal and consequently, the efficiency 
may be compromised 10 obtain a low NPSHR. Higher values 
of Nss may also require special designs and may also be 

operated with some degree of cavitation. A large impeller 
suction eye diameters can also generale excessive suction 
recirculation that sometimes leads to caviuuion and reason for 
a higher number of failures. The suction recirculation 
increases as the Specific Speed (Ns) increases (6]. 

The best way to avoid cavitation due to suction 
recirculation problems is to sclcct pumps having lower suction 
specific speed (Nss) not above 9,000 unless they have special 
designs. Many of ebcve problems can be avoided by designing 
or selecting a pump for lower Suction Specific Speed (Nss) 
values and limiting the range of operation lo capacities above 
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II. SUCTION ENERGY (SE), NS, NSS, NPSH.o., NPSHR, BEP, 
NssA, Nsse 

(4) 

(S) 

6000 

NSS!l =N..JQl(NPSHR)�" 

,ooo 

NSSA = N ..J QI (NPSH,JJ,.I 

D.NPSH-4 
The Net positive suction head available NPSH .,�labl< to a 

pump combines the effect of atmospheric pressure, water 
temperature, supply elevation and the dynamics of the suction 
piping. The following "equation" illustrates this relancnship. 

E.NPSH11. 
NPSHR is the head required at the pump inlet for 

satisfactory operation of a pump. NPSHR is typically included 
on manufacturers pump curves and is determined from 
performance testing, Whenever, the NPSHR increases, as the 

where:-Ha is the atmospheric or absolute pressure, Hz is the 
vertical distance from the surface of the water to the pump 
centerline, Hf is the friction formed in lhe suction piping, Hv 
is the velocity head at the pump's suction, Hvp is the vapour 
pressure of the water at its ambien1 1emperature. 

Generally, the larger the numerical value of Nsse, the more 
favorable the pump's suction capabilities are. Normal pump 
designs exhibit Nsss values ranging from 6,000 to 9000 • 
12000 (with special material). Greater values are not 
uncommon. lt togrcally follows 1hat the concept of suction 
specific speed available would be, 

of Suction Specific Speed depending on the form or t,:;PSH 
used in "(2)". Sucnon specific speed r,;quircd Nssa is cbtained 
when: 

NPSH... =Ha+/- Hz· Hf+ Hv- Hvp 

It was mentioned earlier thar Pump specific speed was 
primarily a pump designer's 1001. As it turns out, NsSA is a 
very useful number even to day-to-day applications. \Vith this 
number, the on-set of cavirarion can be predicted. Nsse must 
exceed Nss.., in order to preclude liquid cavitation. The 
difference between the two quanti1ies is known as margin. 
Ideally, [12]. 

2000 

(3) 

p .. p,...,. ..... c,u1.-..i ,, __ .,... .. •now 

SPECIFIC SPE!a.0 T'<PlCAL CURVES 

Fig. 2 Head vs. Specific Speed l 10] 
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Nss � RPM (NJ ,J QI (NPSHIIJ N 

Where flow is in the (m1t'h) at Best Efficiency Point (BEP) and 
NPSHR for the pump at the best efficiency pomt m meter. 
Also if the pump is double suction pump then the flo"Y value 
to be used is one half the total pump output. The higher 
numerical values of Suction specific speed (Nss) or "(S)" are 
associated with better suction capabilities. The NPSHR is the 
denominator in the equation. The Nss rises as the NPSHR 
reduces. The Nss drops as the NPSHR rises. Low Nss reduces 
the pump's stress when operated to the left of best efficiency 
point. Low NPSHR is desirable to avoid cavitation. 

In addition to pump specific speed, there exists two values 

The high specific speed pumps are more sensitive to the 
effects of cavitation because of relatively shorter blade 
lengths. When trimming the impeller diameter, the impeller 
blade length is also reduced In some cases, the effects of 
cavitation blockage inside the impeller flow path can be more 

pronounced because they interface with pressure recovery. 
Therefore, the degree of cavitation must be reduced to ensure 
proper impeller hydraulic operation. Trimming the impeller 
diameter 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) is 
small, NPSH does not show significant variation, even when 
the impeller outer diameter has been trimmed. As it increases, 
NPSH is largely controlled by variation of the impeller outer 
diameter. The head drop paltems for low and high Ns 
impellers arc completely different. In other words, the pump 
head drop falls off abruptly when Ns is !ow, it moves 
gradually when Ns is high. Cavitation could become a 
problem as the increase in speed means an increase in the 
N.P.S.H. required [11]. 

C. Suction Specific Speed (Nu) 

Suction Specific Speed (Nss) is a number that is 
dimensionally similar to the pump specific speed and is used 
as a guide to prevent cavitation. The suction specific speed 
deals primarily with pump suction (inlet) side. The head (H) 

term in the denominator of the defining formula for the Ns is 
substituted by the NPSHR. 

(2) 

·,,�"� .. ��- 
1.>..i,:!,1':'!1> 

Where Ns - Specific Speed, N= rotative speed of the impeller 
(rev/min), Q�1 � Capacity of the pump at the best efficiency 
point in ml/h, Ha,.,,,- Head of the single stage of the pump at 
the best efficiency point in meter. 

Convert between Imperial Units (gpm) and Metric 
Units (m1/h, Vs): 

Nss (US gpm) --0.86 Nss (metnc m1t'h) 
Nss (Metric !Is)"' 0.614 Nss (US gpm) 
( I gallon - 3.785411784 litre) 
(I gallon/minute "gpm" - 0.227125 m3fh) 
Specific speed (Ns) is a function of a relationship between 

flow and total dynamic head and Suction Specific Speed (Nss) 
is a function of a relationship between flow and net positive 
suction head required (NPSHR) and both will remain constant 
for a particular pump design regardless of its rotative speed 
[8]. 

A high Specific Speed value indicates a high rate of flow in 
relation to the amount of head developed. For instance, an 
axial flow pump, characterized by high flow and low head, is a 
high specific speed pump. Conversely, a radial impeller pump, 
characterized by low flow high head, is a low specific speed 
pump [9] 

The head vs. capacity curve is shown m Fig. I, 

impeller. 

Fig I Head vs. Capacity Curve [25] 

As a rule of thumb, the steepness of the head/capacity curve 
increases as specific speed increases as shown in Fig. 2. A 
lower specific speed produces flatter curves, while higher 
specific speeds produce steeper ones. Lower specific speed 
pumps may have lower efficiency at their BEP, but at the 
same time will have lower power consumption at reduced flow 
than many of higher specific speed pump design. At medium 
specific speed power curve peaks at approximately the best 
efficiency point (BEP) [IOJ. 

(I) (S.E.)= D, X N XS X S.G, 

the point of recirculation. Based on values of the Hydraulic 
Institute guidelines, if Suction Specific Speed (!\1ss) is above 
8500-9000, pump reliability begins to suffer exponentially. 

To a designer, Specific Speed is an indicator of impeller 
geometry; Suction Specific Speed is an indicator of impeller 
inlet geometry. Suction Specific Speed (Nss) accounts for 
changes in NPSHR characteristics that are created without a 
change in Specific Speed (Ns) [7]. 

The types of cavitation which can occur in circulating water 
pumps, their detection techniques, causes, possible ways of 
controlling and recommendations for operator/designer are 
descnbed in detail along with conclusion by the author 
through a case study in this paper. Early detection of 
cavitation in circulating water pumps is mandatory because it 
can cause axial surging, pitting erosion, loss of capacity, head 
and even complete damage to the impeller and reduction in 
pumps efficiency. 

whereas, D,=Impeller eye diameter (mm), N .. rotative speed 
of the impeller (rev/min), Sucnon specific speed= N x Q !O..'li I 

NPSHR 10">, S = Suction specific speed .. rpm x (Q m\'h) 
0't(NPSHR) 0"

, NPSHR "' Head of the single stage of the 
pump at the best efficiency point, S.G. ,. Specific gravity of 
liquid pumped. 

Using Suction Energy, pumps can be classified as "Low" 
"High," or "Very High" suction energy with the limits for 
each category somewhat variable depending on pump type. 
This guideline as shown in Table ,J: .. recommen<!;l NPSH 
margin with respect to low, high, very high suction energy 
levels. One drawback of that guidelines was the gradation 
between the different suction encrgi!eve!s, however, these 
guidelines have since been withdrawn [7]. 

B. Specific Speed (Ns) 

Specific Speed (Ns), is the speed in rpm at which a given 
impeller would operate if reduced (or increased) 
proportionally in size so as to deliver a capacity at one gallon 
per minutes (GPM) at 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 
features of a pump, and more specifically the pump's 
impeller(s) The "specific speed" refers to the discharge 
characteristics of a pump whereas "suction specific speed" 
(Nss) refers to the suction characteristics of the pump or 

A. Sue/ion Energy (SE) 

Suction Energy (SE) is another term for the liquid 
momentum in the suction eye of a pump impdlcr, which 
means that it is a function of the mass and velocity of the 
liquid in the inlet. Suction Energy is defined as 

1490 
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Fi&. 8 Wmdow Margin (24] 

Some manufacturers will cut away the impeller inlet vunc• 
to reduce fluid drag and thereby lower the NPSH required. Ir 

this has been done, we must ensure Iha! the impeller to 
casing/volute clearance is adjusted correctly or else will 
experience internal recirculation problems and cavitation Ill 

the impeller outlet vane tips. Keep the Ns.s number below 
8500 and this problem should never come up. 

While selection of pump. specific speed (Ns) always ph1ys II 
vital role in deciding how much flow and head is require,! 
from the pump. The steepness of the head I capacity curve 
increases as specific speed (Ns) increases. Normally, Specific 
speed (Ns) is selected high for higher efficiency as shown in 
Fig.9. 

F1g. 7 lmpelter Eye vs. NPSH11. [ 16) 

Interestingly, with very few exceptions, there is hardly II 
case where pump operates strictly 81 the BEP. The now 
demands at the plants change constantly, and operators throttle 
the pump flow vra the discharge valve. High Nss designs llTC 
known to result in reliability problems because of such 
frequent operation in the undesirable low-flow region. Actual 
plant study has shown, that above Nss of 8500-9000, pumps 
rehability begins to suffer-exponenlially [ 16]. 

Nss number is used to predict cavitation problems with your 
impeller selection. 1be flow angle of the inlet vanes and lhc 
number of vanes affect this number. A desired value would be 
below 8500 with impellers having a flow angle of about 17 
degrees and five 10 seven vanes. The higher the flow angle 
number, the faster the liquid will travel and the lower sucucn 

head (pressure) we will get. The higher the suction spccHic 
speed numbers the narrower the stable window of operation 
which can be seen in Fig. 8. (24) 

... 6±: .,..... ... 
i>llt ...... , . • .,.  c,  �  ---,-··· 

']}) .. ... 

D
, ... 8"010" 

••• 
..... .,. 

_ .. 

Recirculation also leads to cevueucn. However, the cause 
of this type of cavitation is different from what causes classic 
cavitation that occurs at high flow .cetes. The recirculation 
produces II tornado-like pattern and a blade-to-blade flow 
separation pattern, which is a complex mechanism. The 
pressure drops as a result, and when that occurs, net posilivc 
suction head suffers. For this reason, suction specific speed is 
often limited to values below 8,500(U.S units). 

At high flow, internal fluid velocities arc higher. which 
result 111 reduction of static pressure, which may then become 
dangerously close to the fluid vapour pressure and cavitation. 
Thus, lower velocities result in higher localized static 
pressure, i.e. safe margin from the eavitating (i.e. evaporation) 
regime. Since, the velocity is equal to flow divided by the 
area, 11 larger area (for the given flow) reduces the velocity, -a 
desirable Lrend [ l 6}. 

This rs why a larger suction pipe is beneficial at the pump 
inlet. Cavitation usually occurs in the eye region of the 
impeller, and if the eye area is increased - velocities are 
decreased, and the resulting higher static pressure provides a 
better safeguard against vaporization (cavitation). So, a larger 
impeller eye seems like a way to lower the NPSH11. as shown 
in Fig. 6 [16]. 

Larger impeller eye results in lower NPSH11. at BEP bm 
certain problems arise at off-peak operation .. 

Fig. 6 Small & Large Impeller Eye [16) 

Unfortunately, the flow of liquid at the impeller eye region 
is not as simple and uniform as it is in II straight run of a 
suction pipe. Impeller eye has a curvature, which guides lhe 
luming fluid, like II car along the sharp curves of the road, into 
the blades and towards the discharge. If a pump operates very 
close to its BEP, the inlet velocity profile becomes 
proportionally smaller, but the fluid particles stay within the 
same paths. If, however, a pump operates below its BEP, the 
velocity profile changes, and no longer can maintain its 
uniformity and order. Fluid particles then begin to separate 
from the path of the sharpest curvature (which is the impeller 
shroud area), and the resulting mixing and wakes produce a 
turbulent, disorderly flow regime, which makes matters 
difficult from the NPSH11. standpoint. 

The upshot of all this is that larger impeller eye docs 
decrease the NPSH11 at the BEP point, as shown in Fig. 7, but 
causes flow separation problems at the off-peak low-flow 
conditions. In other words, a high Suction Specific Speed 
(Nss) design is better only if a pump does not operate 
significantly below its 13EP point {16). 

III. SELECTION OF QUALITY PUMP 

During selection of pump with quality, a user would prefer 
to provide as low NPSHA as possible, as it often relates to 
system costs: for example, higher level of liquid in the basin 
of the cooling water pumps requires taller basin walls, or 
deeper excavation to lower a pump centerline below the liquid 
level. A pump manufacturer, on the other hand, wants to have 
more NPSHA, with an ample margin above the pump NPSHR 
to avoid cavitation, damage, and other similar problems In 
other words, a wider margin (M) can be achieved either by 
increasing the NPSHA, or decreasing the NPSHR . 

Since 

-=i 
-- 

·--""::""· 

Fig. 5 Suction Rectrculatlcn jl] 

Ma:a: NPSHA- NPSHR 

Fig. 4 Best Efficiency Point[\'] 

Thus, 11 may appear that a lower NPSHR design is 
preferential, and a competing pump manufacturer might 
present a lower NPSH11. design as one that automatically 
translates mto construction cost savings- not having to 
increase the NPSHA. Since a lower NPSHR design means a 
higher value of suction specific speed (Nss), the design with 
highest suction specific speed (Nss) may seem like best 
option. In reality, however, this is not so, because if suction 
specific speed remains high, hydrodynamic cavitation and 
inlet eye recirculation will still occur [16]. Hydrodynamic 
cavitation problems that exist when the pump is operating at 
points below BEP may be suppressed partially If NPSHA is 
much higher than NPSHR [17]. 

The impeller eye is usually made larger to reduce suction 
static pressure near the impeller inlet as much as possible to 
lower the NPSHR. However, in doing so, the lnrgcr eye 
becomes a problem- not near the best efficiency poinl (13EP) 
but at the low flow at which suction recirculation con occur 
(see Fig. 5) 

NPSH Margm .R.itio (NPSH, I 
NPSH�> � 

I l·l.3 
I 3-20 

2 0-2 5 

Suction 
Energy 

Low 

High 

Very High 

NPSH MARGIN RATIO GU!DLINES 

SN 

required to maintain 3% TOH loss. 

F.NPSH Margin 

Sufficient NPSH Margin is important for Pump Reliability. 
The NPSH margin is the amount that the NPSH.,.1a.b1o to the 
pump exceeds the NPSH,oqu,t«t of the pump, is shown in Fig. 3. 
The NPSH Margin ranu (NPSHA/NPSHK) should be of about 
1.3 to 1.7 just to achieve the 100% rated head value. Much 
higher NPSH Margins are required in High Suction Energy 
pumps when the pump is at low flow rates in the suction 
recirculation region. The suction energy determines how much 
margin is required. 

'i-A8lE I ), 

NPSHR'"' (H ""''"'" - H ,opo,) 

In its prior Standard, the Hydraulic Institute recommended 
the following minimum NPSH Margin ratio values for the 
three Suction Energy levels (Low, High and Very High), 
above the start of suction recirculation, and these are shown 
below in Table I. NPSH Margin Ratio Guidelines is as 
follows:- [13). 

G.Best Efficiency Point 

Fig 3 NPSH Margin Rane [13] 

flow through the pump increases. In addition, as flow 
increases in the suction pipeline, friction losses also increase, 
giving a lower NPSHA at the pump inlet, both of which give a 
greater chances that cavitation will occur. 

BEP is the point at which the impeller diameter provides the 
highest efficiency. BEP is an important parameter in that 
many parametric calculal!ons are considered when calculating 
BEP, such as size, specific speed, viscosity correction, and 
head rise to shut-off. Professional users prefer that pumps 
operate within 80'% to 110% of BEP for optimum 
performance. [14]. \Vhile focusing on best efficiency point 
{BEP), Barringer & 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 is shown Fig. 4 [15]. 

1492 
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drop in head. The test is conducted again at another Iixed flow 
rate and again the resulting suction pressure and flow rate 
value arc recorded at the "cavuatmn" point. Once the series of 
tests are completed, a smooth line is drawn through the 
recorded data and plotted. Fig. 14 illustrates a typical sencs of 
!est resulls and the resulting NPSH� curve. 
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Fig. 13 Cavitation Regions t20] 

B. NPSHR Testing 
Suction specific speed is used as a measure of cavueuon 

performance of a pump. Pump mnnufncrnrcrs determine lhe 
characteristic shape of the NPSHR curve for each impeller 
1hrough carefully controlled shop testing. hydraulic modelling 
and computer simulation. Hydraulic Institute Stnndards l.6 
gives stricl guidelines for conducting shop testing and is used 
by most pump m,mufocturers. Pumps are nonnally connected 
to dosed-loop pipmg circuit where water flows from a suction 
lank (or sump) lhrough the pump and then back to lhe tank. 
The discharge flow rate, temperature and pressure arc 
carefully measured and controlled throughout the test. 
Basically the iest is conducted :u a fixed !low rate and spcell 
while !he Mieliun prcs�urc i� 1cducc.l, lly 1"Wuc111111llc guction 
111( �Ill" P llll!llt I� rc11l11tli whtn the w11t, r 1Ut1� lu \lljllHII 

\liu, ti �mil! \11 l"\-i!th• I 1l1>11tMl,11,U, 

1·Ju I l:U I 
�  �  .• ,, .. .;,..,.,,.._-.# ..,, .... .#' ....... -¥" .......... " � .. ' 

S�CT!<>n •P .. 111<; ,peed ·�"1:U (US .. �Ito) 
Fig. I I t'adull! F rcquc-ncy vs. Suction Specific Speed [24/ 

Realizing this, nroun . value of th¢ suer d .1t11d- l 980s. users started to hmit the 
uses a suction �ion _specific speed and the Hydraulic Institute 
value. Pecific speed of 8,500 as a typical guiding 

The following g h cavitation paratlJ.ctc�a� 5 represent the value of the Thoma 
(Ns) and 1hc SUl!J' (sigma) vs. the pump specific speed 
found in the l'utnmn specific speed (Nss). This chan cnn be 
can predict the O p Handbook published by McGraw J 111!. 11 

nscr of . · · diagnose if pump is cav:avuation and we can us�.n to help 11� 
number a is given in uanng The value of the I homu �l111w, 
shown in Fig. 12. the uuagc from the 1'11m1• I lnndh,111� 

Vnlue of Thoma . mlel head in rf stgrna Cf• (NPSl·l/11): Nl'SI I ur I l�v ( I 11U1I 
pumped referred i°r meter)_ above vapor pressure 11f the tlm<l 
head in FT or M O ccnterl1nc of the impeller. I! Total pump cter form It" . only. As we can sec .. � _I stage pump�: c�ns1der first stnge 
comer of the gra 

I 
th.,rc is a safe region m the upper left 

the suction spec·� 1
• If calculations for the specific speed nnd 

m llmt region th1 IC 5pecd indicate thar designer/operators arc 
H'lf!OII 1, un�uf'e en e,,.erythi111; should be line. The lower rigfu 
1'1111111 ¥<111 c,.,..11;11111fm 11mt ,cvmn there 1� uo doubrtbntrhe 
WO...... ,.,I( • In th, 111111,11, 1- M lthlY /011(1 Wil<'l(I pumr• 

....... ,�,-· ..... , , ,  ... 

fig 9 r,;, vs High Effici::ncy 
plant studies have sh 
poor reliability own that above Nss of 8500-9000 have a 
mcaningfo!ly rel reconl. The reliability or II pump is ated to it · 1 1  shows the fai[u s suction specific speed (Nss). Fig. 

1241. re rate vs. Suction Specific Speed [ 19].  

lmµill&r 
wilh low -�PSHr 

.......,. . 

�· "" ·�� rr-·:' ···• ·--'��- �l,iitl!__� 
hose desrgns a mulunl!y exclusi,io, 

lmJ)Olk!r 
with brood 
operali,g 
wlodow of good 
efficiency 

,�.J 1! J 
b:L_,.. 

I ii( II) I �1huo lt!14o \� N•� I If,) 

111 case NPSHA is not sufficient to maintain NPSH margin 
ratio then 1:1anufach1rer; decide to. increase Nss for reducing 
Nl15J-{� bec:1usc NPSHA c�nnot be increased after ms1allation. 

ef m mmd that efficiency and power consump1ion arc 
K��i.1latcd at the best efficiency pomt (8.E P.). Lower specific 
�;(e'1 pu1�ps ma_y have lower efficiency at the B.E.P .• but at 

. �ame time will have lower power consumption at reduced 
�;,,, t�an _many _of _the higher specific speed designs. 
, Ir' rt's1dt rs Iha! 11 1111ght prow: fO be more economical to 
:eft(I a lower specific speed design if the pump had to operate 

.pa broad range of capacity. 
01 p.lthough opinions vnry 011. the Nss value for a conservative 

g mnrginal design. many engineers in industry have found 
:; following to be desirable m:iximuiv.: · 
• for �old writer and general service npphcations, sucuon 

specific speeds arc selected in the 8500 range and lower. 
for boiler feed pump and conden;ate applications, and for 
general hydroc • .ubon services, values of suction specific 
speeds typically range between 8500 and 11()00. 
Pumps designed for suction specific speeds in excess of 
12000 are generally for special application only [18]. 

l Suction Specific Speed !Vss & Pump Rdiobilltv 
ft high suction speed design often results in reliability 

l!cms because of frequent operation in the undesirable 
P ,\,flow range. Based on the Hydraulic Institute (HIS) le r if . . viae mes, 1 suction specific speeds (f',;ss) arc above 8500 to 
i�· pump reliability begins to suffer exponentially, can be 
r,J� from Hg. 10. 

j •I j1lill1f•• 111 Ho1n1,d 11 ljtf1 Hilu,, ,u ,tr,,,.., 111 'i '  \.ill\' 
••'----·•"-1111'& 1 ,  I  11NMI In 1�1 ,I 1,,., i, hi,l,u 
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Fig. 14 NPSHa Curve [21] 
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drop in head. The test is conducted again at another fixed flow 
rate and again the resulting suction pressure and flow rate 
value are recorded at the "cavitation" point. Once the series of 
tests arc completed, a smooth line is drawn through the 
recorded data and plotted. Fig. 14 illustrates a typical series of 
test results and the resulting !'-<1'SHR curve. 

Fig. 13 Cavitation Regions [20] 

Fig 12 Cavnation Pmamctcrcr (signm) vs. Ns & Nss [20] 

B. NPSH11. Testing 

Suction specific speed is used as a measure of cavitation 
performance of a pump. Pump manufacturers determine the 
characteristic shape of the NPSHR curve for each impeller 
through carefully controlled shop tc.stmg, hydraulic modelling 
and computer simulation. Hydraulic Institute Standards 1.6 
gives strict guidelines for conducting shop testing and is used 
by most pump manufacturers. Pumps are normally connected 
to closed-loop piping circuit where water flows from a suction 
tank (or sump) through the pump and then back to the tank. 
The discharge flow rate, temperature and pressure are 
carefully measured and contro11ed throughout the test. 
Basically the test is conducted at a fixed flow rate and speed 
while the suction pressure is reduced. By reducing the suction 
pressure a point is reached when the water begins to vaporize 
thus causing the pump to cavitme. The characteristic 
"cavitation" point is the flow rate that is exhibited by a small 
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Fig 11 Failure Frequency vs. Suction Specific Speed [24) 

Realizing this, around mid-1980s, users started to 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 
cavitation parameter cr (sigma) vs. the pump specific speed 
(Ns) and the suction specific speed (Nss). This chart can be 
found in the Pump Handbook published by McGraw Hill. It 
can predict the onset of cavitation and we can use it to help us 
diagnose if pump is cavirating. The value of the Thoma sigma 
number rs is given in the image from the Pump Handbook 
shown in Fig. 12. 

Value of Thoma sigma cr = (NPSH/HJ: NPSH or Hsv (Total 
inlet head in FT or meter) above vapor pressure of the fluid 
pumped referred to centerline of the impeller. H� Total pump 
head in FT or Meter for multi stage pumps: consider first stage 
only. As we can see there is 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/operators are 
in that region then everything should be fine. The lower right 
region is unsafe and ifin that region there is no doubt that the 
pump will cavitate. In the middle is a gray zone where pump 
may or may not cavitate is shown in Fig. 13 [20] 

Fig 9 Ns VS. High Efficiency 
plant studies have shown that above Nss of 8500-9000 have a 
poor reliability record. The reliability of a pump is 
meaningfully related to its suction specific speed (Nss). Fig. 
11 shows the failure rare vs. Suction Specific Speed [ 19].  
[24). 

�n case NPSH,.. is not sufficient to maintain NPSH margin 
ratto then manufacturers decide to increase Nss for reducing 
NPSH11. because NPSH,.. cannot be increased after installation. 
Keep in mind that efficiency and power consumption arc 
calculated at the best efficiency point (8.E.P.). Lower specific 
speed pumps may have lower efficiency at the B.E.P., but at 
the same time will have lower power consumption at reduced 
flow than many of the higher specific speed designs. 
11,e result is Iha/ ii might prove to be more economical to 
select a lower specific speed design if the pump had to operate 
over a broad range of capacity. 

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

For 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 for 
general hydrocarbon services, values of suction specific 
speeds typically range between 8500 and 11000. 
Pumps designed for suction specific speeds in excess of 
12000 are genera11y for special application only [ 18). 

A. Suction Specific Speed Nss & Pump Reliabilirv 

A high suction speed desist" 'often results fh reliabrlity 
problems because of frequent operation in the undesirable 
low-flow range. Based on the Jfydraulic Institute (HIS) 
guidehnes, if suction specific s11e1ds (Nss) are above 8500 to 
9000, pump reliability begins to suffer exponentially, can be 
seen from Fig. I 0. 

,�.J 1! ) 
b:i_,. 

Fig. 10 Failure Rate vs. Nss [16] 

For pumps of nonnal design, values of "Nss or S" vary 
from 6000 to 12000. In special designs, including 
inducers, higher values can be obtained, however, special 
material may be required for continuous operation. Actual 
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Tip velocity can also be related to impeller diameter and 
rotating speed i.e 

Equation "(5)" and "(6)", it can be seen that changes m 

impeller diameter will have a direct effect on the pump head. 
For example, reducing the impeller diameter will lower the 
pump head by a factor of four Since the cavitation point is 
identified by a three percent drop in pump head, n is logical 
that any change in impeller diameter will have a direct effect 
on the NPSH11. value For this reason, most pump 
manufacturers provide a single NPSHa curve for a given 
impeller diameter. lnlct tip speed· values below ""15 m/s are 
considered low, white values exceeding :::: 30 m/� are 
considered high and should be evaluated for adequate NPSH 
margin (21]. 

A pump cavitation point can be difficult to define. The 
formation of vapour bubbles is a gradual process. starting 
slowly and increasing with now rate. 

The APJ-610 defines the cavitation point as ,1 three percent 
drop in head. This rs not to say that pump cavitation does not 
occur at smaller values, it is just difficult to accurately 
measure at smaller values. To obtain n smgle point ir is 
necessary to nm a pump for a period of time and allow the 
testing circuit to stabilize to the reducing suction pressure 
Remember that vapour bubbles are fonmng and instruments 
need time to react to the fluid dynamics (21] 

C. !mpeffer Diameter & Head Relationship 

Larger pump impellers produce greater values of head for a 
given speed. This 1s because the head is proportional to the tip 
speed. The relationship of head to tip speed can be 
approximated by 

Note the difference between cavitoncn and re-circulahon. 
11 is very noticeable that there is now a clear peak at the 
impeller vane pass frequency. The cure for re-circulation is to 
operate the pump at or close IO its rated capacity for the 
opcracing conditions and to avoid excessive thronling on the 
discharge side. Re-circulalion can also be identified by 
washom of the irnpc!tcr exit faces. This usually shows up as a 
polished, sharp edge on the impeller exit face. fl shoutd be 
1101ed that cavitanon because of internal recirculation is 1101 
eli111111ated b.l' increasing the s11ctio11 head [22]. 

D.Plel'e/11 Cavitation in Existing Installation 

Cavitation may he avoided by increasing the NPSH" 
anclfor reducing the NPSJ 111. (See Table II):· 

t. The NPSH" may be increased 1hrough the following 
me I hods 
Reduce tbe length or increasing the diameter of the pump 
suction line and reducing the number of fittings in 1he 
suction line. This will reduce 1be suction piping friction 
head. 
Increase lhe height of the pumping fluid to increase the 
static pressure head. 
Reduce the temp of the pumping nuid al the pump 
entrance for example moving a pump lo lhe return line of 
a heating fluid system. This will reduce 1he vapor pressure 
head. 
Pressurize the pnmping fluid supply tank. ·111is will 
increase the head at the liquid surface. 
Reduce the flow rate and/or fluid velocity. This can be 
achieved by reducing the pump speed and will reduce the 
suction piping frictton head. 

2. The NPSHR can be reduced through the following 

methods 
Throttle the pump dischnrge using a 1hronling valve or a 
restriction orifice. This wilt increase the pump head by 
reducing the flow rare & operate 1he pump in a lower 
NPSHR region. 
Use of an oversized pump & use of an impeller with a 
larger diameter eye. 

Fig. 15 C11v1lnhon & Recjrculauon [221 

excessive wear on the impeller and other internal 
components. 
May come and go from one collection to the next as load 
varies. 

First step should be assessed operational parameters .. flow 
rates and pressure- that can influence this vibration. Second 
step shonld be an inspection of internal components for 
excessive wear wrth particular auention paid to the impeller 
vanes (23]. 

The area of cavitation is within the eye of the impeller, 
therefore, there arc no vane pass frequencies. Cavitation can 
cause axial surging, which, if excessive, will cause damage to 
both bearings and seals. The spectra produced have a very 
broad frequency range wrth low amplitude. The highest 
amplitudes arc most often found 111 the suction area of the 
pump and are usually highest in the axial drrccuon. It is also 
significant 10 note that in cavitation the peaks arc non­ 
synchronous, and there is also a lot of broadband noise is 
shown m Fig. 15. 
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C. Cavnanon Detection Technique 

Role of vibration along with nrnking that loud popping 
sound, the collapsing vapour bubbles create cerlain vlbranon 

patterns - and the vibration analysis mies for detecting 
cavitation arc foirly wen understood. The ability to detect high 
frequency energy at a pump aud determine whether this 
energy is increasing or decreasing is one key to recognizing 
cavitation. If the high frequency energy is increasing. lhc 
cavitation is getting worse, :me.I the impeller and seals arc 
probably sustnining damage. Increasing vibration can also 
place added stress on the pump bearings, causing nceelcrated 
wear on these components es well Too low a liquid in a 
suction tank /sump can very quickly reduce suction pressure 
helow the NPSH11. of 1hc pump, thereby causing pump failure. 
In addition, if antivortex baffles arc badly designed or even 
missing from the suction tank, then vapour/air can be drawn 
into the suction vcnex resulting in pumps problems similar to, 
and includmg, cavitation and suri;ing. 

The mechanical problems could be caused by poor 
mechanical design and /or nn incorrect or oversized pump 
selection. Insufficient shaft s1iffncss can be the reason for 
bending of the shaft and /or high vibration amplitudes, causing 
failures of rhc mechanical shat\ seals and lor wear of wear 
rings The following spectrum visually sho\�S the difference 
hetween these 11110 phenomenons 

trinunmg the impeller to nn extent that will not adversely 
nffect pump efficiency will not cause NPSH to notably change 
[11J.  

ln case of high specific speed (Ns) pumps, the impeller 
outside diameter is relatively small in ccmpnrisou 10 the 
diameter ofa low specific speed (Ns) impeller. Therefore, the 
distance between the impeller outlet and cavitatmg zone of a 
high Ns pump is shorter. In other words, the relationship 
between impeller outside dmmcter and the blockngc of flow 
passage produced by the cavities become more scnshivc in 
high-Ns impeller. Depending on the amount of trirmning, the 

impeller outside diameter approaches the cavitating zone and 
the complete restoration of pressure after the cavities have 
collapsed docs not become sufficient This results in a 
relatrvcly lnrgc head drop and marked deterioration in the 
sucuon performance, when compared with low-Ns impeller 
[ 1 1 ] .  

The impeller diameter of a mixed flow pump has a 
strong influence on the pump NPSH and that the rate of NPSH 
vnrintlon is largely controlled by specific speed Ns. Therefore. 
we may conclude that impeller diameter and NPSH arc related 
and the relationship becomes more acute as suction specific 
speed increases for reduction of NPSHR. 

V. CAVITATION 

Cavitation occurs when the pump cannot get enough fluid 
flow into the impd!er & the resulting reduction m pressure 
causes the liquid to vaporize and fonn bubbles. 1bcse bubbles 
can grow dramatically & choke an inlet. further reducing the 
flow of liquid & the pcrfonnance of the pump In addition, the 
bubbles can implode with tremendous force, literally tearing 
away at the metal surface The resulting increase in stresses, 
vibration and noise can lead to premature component 
replacement and in some cases complcte pump failure 

A. Types of Cavitotion 

·1 wo mam types of cnvrtanon may occur in a pump, suction 
cavitation and discharge cavitation. Suction cavitation occurs 
when there is low pressure at the unpeller eye providing a 
region m which jhc pumped liquid can vaporize Subsequently 
the fonned vapour bubbles move into regions of higher 
pressure as they travel towards the discharge and collapse. 

Discharge cavitation occurs when a pump is opcraung 

towards the high head end of its pump curve resulting in the 

majority of the pumped fluid circulnting around the pump 
impeller \Vhcn this occurs the fhud is forced through the 
clearance between the impeller and the pump housing at high 
velocity resulting in formation of a low pressure region in 
which cnvltntion can occur. To avoid cavitation when 
designing a pnmp system, one should pay special attention to 
Net Positive Sucuon Head requirements NPSHR [22]. 

B.Cavitation Swnptoms 
The high frequency random vibration. 
Sounds like pump ts pumping gravel. 
Although amplitudes may or may not be high enough to 
affect bearing life significantly, cavitation causes 

(S) 

(6) 

H .. v1!2g 

v .. ,rDn!A 

IV. Low & HIGH SPECIFIC S}'J.;ED(Ns) vs. NPSH 

The change in pump performance with changes in impeller 
diameter can be predicted sim1larly)o that with speed change 
utilizing the affinity Laws-, ( 

Pump Flow rate Q varies directly wrth the diameter {D) & 

flow is proportional to speed i.e. Ql/02,. (Dl/DZ) (Nl/NZ) 
Pump head (H) vanes with square of the diameter (D) & 

Head is proponionat to the square of the speed. i.e 
Hl/HZ� (Dl/02)' � N 12/NZ'. 
Power absorbed vanes with the cube of the diameter (D) 
& power is proportional to cube of speed r.c. Pl/PZ " 
(01/02) 1 - Nl 1 /Nzl 

Low Ns and High Ns impellers are compared with 3% head 
drop condition. With a low-specific speed impeller, the outer 
diameter i� essentially large, and the blade length i� greater 
than m case of a high specific speed Ns impeller. Ihus, the 
impeller flow passages of a low Ns pump arc not as apt to be 
blocked, even when cavitation develops, because there is more 
distance between the impeller inlet and outlet For this reason, 
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increase of water level in the sump, a reduction in noise levels 
was also noticed. This is an additiorml indicmion th:it the 
pump had sinned getting suflicicnt NPSH,.. 

The vibrmion data and corresponding operational 
purmuctcrs were recorded al 470 MW ut CW Pump II lA at 
Stnticn vA" on l9lh July 2013 at two difli:rent eump levels 
namely m 7.6 meters and II meters revet respectively are 
shown m Table v . 

f1g. 18 Sump Levels 

-Cevnauou usually occurs m the eye region of the impeller. 
and if the eye area is increased • velocities arc decreased. and 
the resulting higher stauc pressure provides II belier safeguard 
against vapcrizntion (cavitation). So. a larger impeller eye 
seems like a way 10 lower !he "NPSH11.". 

Based on the obcce study, it was decided to use larger 
uupeller eye at Station "A,. similar to that at Sunion "B ". 
Subsequently, one of the CW Pumps has been replaced with a 
new modified impeller having dimensions i.e Dl-! 172 mm & 

00·1540 mm, (as shown above larger impeller eye), which is 
operating within just satisfactorily vibration limits since last 
nlmcsr one year. 

The maximum vibration readings recorded on 15111 October 
20 ! 4 at Motor NDE bearing of the same !'ump were 193 µm 

peak 10 peak and velocity i.e. 6.42 mm-sec peak at 8 meter 
l>U11111 level and 175 11111 pt'llk to peak and velocity i.e. 6.55 
nuu.scc pc,1k at 7.8 meter sump level respectively as shown in 
F1g. lH. 
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Spcc1('w; Speed tNs) & �WIUS 

Srahon �A" 4978 (wllh Cl\'llatlOII) 
S1a11on •• D� 4669 (wnb nQU\'ll�llonJ 

Motl,ficd lmp,:lk:, installed u Station _A .. 
,mular 10 S1ut1on •. B� (with no cal'llll!ion) 

the water level in thc eump, the vibnuicn behavior of pump 
was recorded and it was observed at different load conduions 
that the ovcrnu vibrauon dmn at C\1/ Pu111plllA Motor NOE & 

DE be.iring� were exhibiting decreasing trend at 0% 
recirculation. The reduction m vibration levels to 488 11111 peak 
lo peak from 662µm peak to peak was observed by raising the 
sump level by 0.4 melcr which is rm indication that Nl'SH 
margin ratio (NPSH,.fNPS1111) is improving. Further. with 

TAIJl.[VI 
Diii! "Sll)N5 ULIO!tl. & Al'ltll lltPl 111.ll Rl.rtM.'I .Ill 'H 

"'11 1'1(�) 1111,.h N, UllflCller 

It clearly shows that increase in sump level to 8.0 meters 
from 7.6 meters resulted in an appreciable reduction in 
vibration & noise levels. The pump was also checked for 
abnormal vibration if any by opening the recirculation valve 
10% also. 

It means that suction head NPSIIA may be insufficient for 
pamcular impeller profile. tD1·1397 mm & l)Q.]614 mm), 

which is having high specific speed (N�-497!!). In other words, 
discharge head gcncrnlcd by this impeller profile (Ns-4978) 
selected by the pump supplier. was critical 11uh nvmlubfe 
suction head (NPSII,.) which was lcadmg to cavitation. 
Whereas. Smtion "U'. pumps which had been commissioned 
with lower specific speed (Ns-4669) and having larger 
impeller eye diameter (DI ·1172 mm & OQ.]576 mm). are 
operating satisfaclorily without any sign and symptoms of 
cavitation/internal recirculmion. The impeller profile of CW 
pump at Station "8"' 1s an example wherein impeller eye area 
is huge and therefore there is no cavitation, can be seen from 
Table VI and Fig. 17 {b). 

Ouncnsions of Impeller Before & AO er Replacement 

1498 

I M'crptnd1cul"" co ,J1sdw3�. v.1•n11llel tod1scho•11�. A·Al<.:il, 
'Lo.id m ,\ki:,t\\ntl rcJuced, I �lw m Qu�1:tL1y X •J0,000 m'1, IJ11,1:llarg: Pressure m ksc: t.P· MWC ,umds for M�1,1 of Waler Colurm (Pn:sslln: L'M) 

fur HI rrt. dcs,�n :50{) MW, V1brot1on 111 11111-microni.:t�r (peak 10 p<Ok), Vdoc11y m nun,s g.�k. 

T,',HI El V 

• 
i 

· l 

l 

{U) 

JOOOO 

27 2 
39.78 

4•1 pun'.pJ 
M,xcd flow 
11n.rS76 
L.ugo-404 

4669" 
no, 

988Q 
MOO 
2160 
13 93 

IA) 
3\0-00 

25 1 

3915 
S •I pump:, 

Mixed 101> 
1397·1614 
Snl.lll·217 

49711' 
8111 

10106 
MOO 
2160 

'" 96 

Pump Sul'flhcn \\.I'll 

TABLE IV 
Trcm,llA� SPECIFICATK)f', OFSTATION •• A� & ·u .. 

S1atron1 
(ju�rnn!�ed deSIQII cnp.,cl!y ( m'1:r) 

<illllnmtccd Total ltc•d (MWC) 

Sh�1offhc1d oflhe p�mp 
Noofl>i,mps 
lmf>C':lcrt)'TX' 

Impeller d1a at mlot (DI). ourlc1 DrOJ mm. 
lmpclkf<:yc mm 

Spec,r.c speed 

Suct1ot1 spec,r.c ,peed (NPSB)A 
�11Ct1on specific spn:d (i,.·psfnR 

('ombmed lit Cr.heal �Jl<cd 
2nd Cnttc11.t 1pet</1 

KPSll (A)a,'llil. al mm. "a1cr Ieve! 
/loPSH (R) requrred 

•H,gh Specific ,p«d pump: •• Lo" Sp«"1!ic speed p,.:mp 

Sim�,; of l!,gh Nm�t! & Ftbratton !'rob/em 

CW pumps at Station "A" have been experiencing high 
vrbrauon nnd noise problems since commissioning of the units 
whereas C\V pumps commissioned at Stauon "ll'' arc working 
satisfoctorily. 

From the above tcchnrcal specifications. it is evident that 
specific speed selected for Station "A'' pumps wes high (i.e. 
4978) whereas the selected specific speed for Station "ff' was 
low (i.e. 4669). Hence, the 111,11or difference between tbc two 
specifications is specific speed only although the supplier for 
the pumps in both crthese stations huppencd to be the same. 

As has been brought out earlier while Specific Speed refers 
to the discharge characrcnstlca of n pump, Suction Specific 
Speed, as the oamc implies, refers to the suction 
characteristics The high specific speed generates high flow 
and low head whereas low specific speed generates low flow 
,md high hend. 

In order to identify the root cause for high vibration and 
noise levels in the RUmps at Station "A". one of the pumps 
was physically rnspected and it was found to have high 
cavitation as shown m Fig. 16 and that too within a very short 
span ofplan! opcrntion. 

l'hom;i s1an111 o o ,2 o.s 1 
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In order lo ascenain lhc reasons for cavitation 111 the pump 
impeller. an exercise was conducted on C\V pumps at Station 
"A •• by raising the water level in the fore-bay to 8.0 meters 
from 7.6 meters. During this exercise of graduelly increasing 
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Increase 
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SN 

Motor Mako UHLL 
KW 3000 

Voltaac 1fkV 
Curr�nl 200A 

over Spttd 400 
Speed 373 

Noise le�cl SS dUA 
Motor top 7' )lffl (m1<rome!e,) 

V!. CASESrL'DY EXPEII.IEt.CED AT STATIONS "A"&"B" 
Two similar super thermal power stauons one hnving 

capacity of 3 unhs of 500 M\1/ r:uing [Station "A .• ) and 
ether having two units of 500 MW rating (Station "B'.) which 
are located in two different Stutes of India. While one of the 
Super Thermal Power Stations "A" Stage-I (3X500MW) 
having six C\V pumps were facing high vibration problem, the 
other power Station "B" Stage-I! (2X500MW) having five 
CW pumps of the same make but dtd not have any such 
problem as far as vibration is concerned. Although technical 
stipulations for both the stations are the same, the same pump 
supplier assumed different specific speeds while selecting rhe 
pnmps for these two stations. The data sheet provided by the 
pump suppher for these two stations arc as follows (Sec Table 
JIJ & Table rvj 

TABLEIU 
DATAS!IElT 
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The motor solo run had slightly high vibrution of the order 
of 146 urn peak to peak which could have been brought down 
to an acceptable hmit to reduce pump vihration further. J"he 
impeller replacement resulted m substnmial reduction of noise 
level, but �light increase in current consumpncn lo 190 
nmpere from l 80 ampere. 

In order to check effect of system rcsrsreucc, nnul pressure 
drop across the condenser of stmilar machines was collected 
and compared against the normally specified value of 4.05 
M\VC for 500 M\V units' condenser. From the analysis of the 
operational data (pressure drops across condenser) at Stations 
"A" and "El", it is evident thm although the pressure drop 
across the condenser in Station "B'' is higher than that at 
Station "A" thereby mcunmg that although CW pumps in case 
of Station "B" arc experiencing a higher system resistance still 
they arc not facing vibration on account of cavitation (sec 
Table VII). 

TAllLE Vlt 
PR�SSUR£ DROPS IN coacrs.sass �T STATION "A. & '"U"" 

Pressme Drops Normal 
,\P MIVC" 

Unas 
PASS PASS 

'° '° (A) ,., 

Stouon "'A" St�g�-1. Umt#I 
'" '" 

Normal /\ormal 
S1a11oi,··ff sese-n. Um!#6 

" 
7.0 Modera!e choi.:kmg 

VI!. CONCLUS!Ol\ 

The reason is very evident. NPSH margin ratio was critical 
at high Ns pump impeller at Station "A" however. the same 
was suitable for low Ns pump impeller. Pump was not getting 
enough suction, a� a result vaporization was taking place at 
low pressure areas inside the impeller which led to bubble 
formenoo. These bubbles created in the suction side normally 
go to discharge side where pressure is high. Implosion is 
taking place creating pitting on the suction components as well 
as on the impeller which resulted in cavitation, exhibiting high 
noise and vibration too The raising water level in forebay by 
0.4 meter improves l\'PSH mergrn+rutio which rdulted in 
reduction of noise and vibration levels It i� confirmed that the 
larger impeller eye helped in improvement of NPSH nrnrgin 
ratio although with marginal increase rn power consumption. 

Mc/hods for Improvement o/,VPSH Margin Ratio 

The improvement in NPSH Margin arc generally limited m 

an existing installation, there arc sutl some choices available 
Changes to the system that will increase the NPSH available 
mclude: 

Increase the supply tank elevation or the water level in 
sump & Lower the pump elevation. 
Elnninate any flow rectricrions in the suction piping (such 
as a strainer). 
Operate at a flow rate less than the pump BEP 
Install an inducer. if avarlablc. 
Change to low NPSHI\ impeller. if available. 
Operate the pump at a slower speed (if driven by a VFD), 
or mstall a VFD 
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Lower the water temperature thus reducmg vapour 
pressure or add booster pump. 

RECOMME/\DATIONS 

Investigations established that cavitation was taking place 
111 the pump which is due lo high Ns or inadequate NPSH". 
The unpel!er profile should be selected 111 such a way to suit 
nvmlablc suction head to avord cavitation 

A Civil Aspects 

As discussed in the forcgcrug. the general concept is thnt 

NPSHA should be greater than Nl'SHR. to avoid suction 
recirculation I cavitation. The question then arises. how much 
margm of NPSH,., over Nl'SHR is enough, the answer to the 
question is that it should be greater than >l.5. Inadequate 
NPSH margm may affect pump head, noise, and vibration - 
al! leading to reduced pump service life and higher 
maintenance costs For adequate NPSHA deepening of suction 
trench is required. not the entire eurnp. 

B System £11gi11eerr11g Aspects 

Technical specifications of CW pumps for new projects 
may be revisited for keeping enough NPSH margin ratio for 
better pump reliability & efficiency. Uascd on the experience 
gained at Station "A"'. it is gencrnlly good practice lo add an 
additional 3-5 feet of NPSH.._ over the margin values to 
account for disparines between test dald and actual site 
ccndmons 

C Condition Monitoring Aspec/s 

Root cause failure analysis has to be done before deciding 
action for replacement of pump & its profile. Condition 
Monitonug ts the most important tool in identifying problem 
in such pump and has become accepted .inU proven 
worldwide. 

D.Seft:ctio11 of Quality Pump Aspects 

Actual plant studies have shown that Nss above 9000, 
pumps reliability begms to suffer - exponentially, therefore. 
while selecting a pump care must be taken to keep suction 
specific speed (NsSJ value below 8500 for cavitation- tree 
operation. 
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