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CAVITATION IN CENTRIFUGAL PUMPS 
- definitions, criteria and their importance - a - (P. Hergt, KSB Frankenthal) 

1 Basics 

As is generally known, the transfer of mechanical energy to 
the pumped liquid, i. e. the generation of head, inevitably 
leads to a local drop in the static pressure insidethe impel- 
ler. The pressure falls below the pressure level Po immedi- 
ately upstream of the pump. The minimum pressure, pmin, 
always occurs at a physical flow boundary, in this case at 
the impeller blades. 

Fig. 3: Influence of the flow rate on the pressure distribu- 
tion along the blades 

From the above illustration we can deduce the following: 
- at a constant pressure po upstream of the impeller, the 

min. pressure pmin and/or the pressure drop (po-pmin) 
at the blades is dependent on the duty point 

- the pressure drop (po-pmin) is lowest in the Q design 
range 

- for flows above the design point the point of min. pres- 
sure shifts from the blade suction side to the pressure 
side. A pressure minimum also develops on the suction 
side which, however, is higher than that on the dis- 
charge side. 

If a pressure level pol exists at thedesign point upstream of 
the pump, such that pmin is still above the pumpagevapour 
pressure PI, at the operating temperature (Fig. 4a), there will 
be no vapour bubbles at all. 

If the pressure is lowered to poll, so that p,in just eqals p~ 
(Fig. 4b), the first vapour bubbles will develop at the polnt 
where pmin is reached. These bubbles disappear again 
when carried by the flow into a region of higher pressure. 

Fig. 1: Designations on the impeller 

At the design point of the impeller, for instance, with the 
designations according to Fig. 1, we obtain a pressuredis- 
tribution along the blades as shown in Fig. 2. 

I I 
Q = QDES w = const. 

I * 

Fig.2: Pressure distribution along the blades 

As the flow direction relative to the blades varies with the 
flow rate, the distribution of pressure along the blades also 
varies (Fig. 3). 

Fig. 4: Formation of vapour bubbles 

This process, namely the formation of vapour bubbles in an 
area where the liquid pressure falls to the vapour pressure, 
and the subsequent disappearanceof those bubbles when 
they enter a region of higher pressure, is referred to as 
cavitation'). 

In general we dlfferent~ate between two different cavitation pheno- 
mena: besides the actual cavitation, i.e. the formation of cavities in a 
llquid due to vaporization when the pressure falls below the vapour 
pressure, and the subsequent implosion-like collapse of the bubbles. 
referred to as vapour cav~tat~on, there is also gas cavitation. In gas 
cavitation the cavities are filled with a mixture of gases and vapour. 
which part~cularly affects the formation and the disintegration rate of 
the bubbles and, consequently, the behavlour of the pump. Various 
authors indicate this as the reason for the discrepancies frequently 
ascertained between the measured NPSH values and those calcu- 
lated for different speeds uslng the affinity laws. 



The process as shown in Fig. 4b is specially referred to as 
"incipient cavitation". 

If po is lowered further to polll (Fig. 4c), the region filled with 
vapour bubbles will increase. Since the pressure cannot 
fall below vapour pressure, the distribution of the pressure 
along the suction side of the blade changes. 

If this change and the disturbance of the flow due to the 
bubbles exceed a certain level - dependent on the duty 
point and impeller type - the behaviour of the pump will 
change in a way that is usually considered undesirable 
(See section 3). Therefore, to achieve trouble-free opera- 
tion a minimum static pressure must beavailable upstream 
of the blades. 

2 Definition of "NPSH" 

So far, the pressure po immediately upstream of the im- 
peller has been chosen as the reference pressure. In gene- 
ral, however, it is not financially feasible to measure this 
required minimum pressure differential directly in the criti- 
cal cross-section - i. e. atthe impeller inlet.Therefore mea- 
surements in moreeasily accessible flow sectionsare pre- 
ferred, e. g., a section in the piping upstream of the pump, as 
specified by the applicable standards. 

Since we can assume thatthe measurement section varies 
with the system arrangement and in general differsfrom the 
critical section, an indication of the minimum static pres- 
sure differential required in the measurement section alone 
would not provide adequate information. 

To overcome this problem we have selected as a reference 
variable the NPSH, i.e. the difference between the total 
energy available in the measurement section, including the 
kinetic energy, and thevapour pressure. According to Ber- 
noulli's Law, the measurement is thus made general and 
independent of the cross-section. However, from a physi- 
cal point of view, it is not this difference between a total 
pressure in the measurement cross-section and the va- 
pour pressure that really matters, but the difference bet- 
ween the static pressure po upstream of the impeller and 
the vapour pressure p ~ .  

Ps, tot-PD 
NPSH = - (PS + P/~cs.*) -PD 

P ' S  P.57 

An NPSH value of a pump or a system has no particular 
significance until a decision has been made as to which 
criterion determines the minimum allowable NPSH. 

3 Consequences of Cavitation 

3.1 Incipient cavitation and head decrease 
(NPSH,: NPSH,; NPSHtol) 

Below it is shown in detail how the available system NPSH 
affects the delivery behaviour of the pump. 

Fig. 5 shows thedevelopment of the head Hand bubble trail 
length lei as afunction of the NPSH,,. When we reduce the 
NPSH,, starting from a high value, the first bubbles will 
develop at a certain value (NPSHi). The head is still un- 

4 affected. 
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t Q = const 

1 0  
NPSH,, 

Fig. 5: Bubble trail length and head as a function of the 
NPSH,, 

The more the NPSH,, is reduced, thefasterthe bubble trail 
length increases. When it reaches a certain level the flow 
around the blades is noticeably disturbed, and at an 
NPSH,, value referred to as NPSHO the head starts to drop. 
A head drop A H of x % corresponds to a value NPSH,; e. g. 
A H  = 3Ohgives NPSH3. Eventually avalue NPSHtotwill be 
reached, which is characterized by a sheer head drop. The 
NPSH,, should not fall short of this value forthe given flow 
rate. 

The ratio of the NPSH values described depends on other 
factors apart from the duty point (see below): for instance, 
on the pump type, the specific speed and the impeller de- 
sign. The following values are standard values for the de- 
sign point: 

NPSHi/NPSH3 = 2.5 - 6 (10 in an extreme case) 

NPSHo/NPSH3 = 1.1 - 1.5 

NPSH3/NPSHtot = 1.05 - 1.3 

When considering the conditions over the flow range 
(Fig.6) we can see that the NPSH3 value, which (at least 
with low-speed impellers) gradually decreasestowards the 
part-load range, is not a constant ratio of the NPSHi. 

Starting from the design point of the impeller (QDEs), the 
NPSHi increases continuously towards both higher and 
lower flows, as do the curves for the constant bubble trail 
length 161. This fact is of paramount importance for the dis- 
tribution of the NPSH values, defined according to specific 

@ 
criteria vs. flow rate (Please refer to chapter 4). 



NPSH 

Fig. 6: NPSHi; NPSH3and curves of constant bubble trail 
length lBl as function of the duty point 

For low specific speed pumps, NPSHoand NPSHtOtplotted 
against the flow run almost parallel to NPSH3 (See Flg. 7a). 

With an increasing specific speed, 

NPSH 

Fig. 7a: NPSH values according to head criterion plotted 
against flow (small n,i 

the distribution of NPSHn. followed bv NPSH?. and finallv 
also NPSHtOt plotted agahst Q grad&lly app;oach that df 
NPSHi (Fig. 7b). 

NPSH 
A 

Fig. 7b: NPSH values according to the head criterion plot- 
ted against flow (propeller pump) 

3.2 Erosion caused by cavitation (NPSH*,) 
This most undesirable consequence of cavitat~on is related 
to the events that occur when the vapour bubbles are car- 
ried by the flow into a region with a pressure p > p ~ .  The 
bubbles do not,as we would perhapssuppose, getsmaller 
in relation to the pressure rise until they disappear comple- 
tely, but assume a kidney-shaped appearance. 

Fig.8: Sequence of the disintegration of bubbles 

Through this indentation a microscopic jet of liquid (micro- 
jet) shoots out that is always trained on the wall, striking it 
with a very high velocity. 

Oneofthe hypotheses existing on thesubject assumes that 
these iets araduallv lead to fatiaue of the surface material, 
whichasa-conseqknce results in particles becoming de- 
tached. This hypothesis is supported by photos taken with 
high-speed cameras. 

Another concept is based on the presupposition that the 
implosion of the bubbles causes the formation of extremely 
high localised pressures that lead to the destruction of the 
material. From a combination of measurementsand calcu- 
lations pressures of up to lo5 bar have been ascertained. 

It has become evident from practical experience that the 
extent of the cavitation damage as assessed by the depth of 
erosion or by the mass of the eroded material, for example, 
depends on 4 factors, viz.: 

- the time duration 
- the intensity of cavitation 
- the properties of the liquid 
and 
- the material's resistance to cavitation erosion. 

Regarding the factor "time duration" it can in general be 
observed that up to a time ti, the so-called incubation time, 
the erosion rate exhibits a gradual increase and then rises 
more rapidly so that from this point on we can say thatthe 
loss of material by erosion is proportional to the time. This, 
however, only applies provided the surface has not already 
undergone considerable changes due to the effects of ero- 
sion. If, for instance, the front edgeofthe impellers has been 
changed due to cavitation, the damage may progress 
faster. 

Very rarely we have also observed a reversed trend, prob- 
ably when the cavities formed due to corrosion fill with 
liquid, and the micro-jets no longer strike the material. 

A m  

Fig. 9: Mass erosion A m  as a function of the time 5 



Little is known about the role the properties of the liquid 
play. Hydrocarbons seem to be less dangerous than cold 
water under otherwise equivalent operating conditions. 
The same can be said of hot water (t > 150 "C). 

The resistance of a material under given cavitation condi- 
tions is a special property of the material, similar, for in- 
stance, to the tensile strength. Repeated attempts have 
been made to correlate this material property to other pro- 
perties. Thevariable frequently applied here is thesocalled 
"ultimate resilience". 

"-2 ~g = ultimate stress [N/m2]; " 0 
U R -  --- [N/m2]; 

2 . E  E = modulus of elasticity [N/m2]; 

It has not yet been possible to find a satisfactory means of 
representing results of these experiments, as a function of 
this variable, or of others. 

Some well-proven materials, arranged in the order of in- 
creasing cavitation resistance, are: 

-aluminium 
- cast iron 
- bronze 
- chrome steel (1.4027) 
- stainless steel (1.4408) 

Indications as to how much materials differ in their resis- 
tance are given occasionally, but should be treated with 
caution, as explained below. 

Fig.10: Material erosion curves of different materials 
under the same cavitation conditions 

Fig. 10 shows the mass erosion curves of 3 materials as a 
function of time. We can see that the erosion rates indeed 
depend on the testing time. Other parameters (See below) 
have a similar effect. The processes involved in cavitation 
erosion become very obscure where corrosive influences 
overlap. These are especially prominent when the cavita- 
tion erosion prevents the formation of a surface layer. 

The effects of the cavitation intensity are difficult to esti- 
mate, especially because no definite dependence of the 

6 intensity on flow parameters is known. 

However, we know that 

- the flow velocity 
- the bubble trail volume or even the trail length 
- the duty point in the case of fluid machinery 
and 
- the size of the model 

influence the intensity of cavitation, but we do not yet know 
the exact correlations. 

Using a centrifugal pump, for example, to investigate the 
influence of these parameters on the cavitation erosion 
would, in view of the multiolicitv of the resultina exoeri- - ~ .~~ 
ments; necessitate a compl/cateb and expensive series of 
tests. It is therefore understandable that one tries to get 
away from the complex fluid machine, and to initially ex- 
amine the basic effects on simpler equipment. 

Typical experimental equipment are: 

- a piezoelectric or magnetostriction oscillator (Fig. 11) 
- a Venturi flume 
- a cavitation chamber with rotating disc (Fig. 12) 
- a  flow channel with obstacle (Fig. 13) 

Piezoelectric crystal 

Thermoelement 

Fig. 11: Piezoelectric oscillator 

Ribs 

Cavitation generating hole Rotating disc 

Fig. 12: Cavitation chamber with rotating disc 



These results show that the type and intensity of cavitation 
in the individual devicesand the reaction of the materials to 
these types of cavitation differ. 

Fig. 13: Flow channel with obstacle 

a = cylinder, 
b = material sample 

Fig. 14 gives a comparison of the erosion rbtes 

Am 
VA - (A = eroded area) 

p, . A .  At 

of two materials in a device with rotating disc as a function 
of the cavitation coefficient 

which is equivalentto the NPSH valueof the standard defi- 
nition and which was made dimensionless with the peri- 
pheral speed u at the location of the sample 

All these devices have the advantage that they can provide 
results in a shorttime, and the investment and energy costs 
for the tests are low. 

The main test aim is to determine the cavitation resistance 
of different materials. In some seriesof tests wealso inves- 
tigate the effects of those parameters which are variable in 
thedevices. In thecaseofthe lastthreedevices this particu- 
larly includes the flow velocity which, as indicated above, 
also plays an important role in the actual machines. 

If we compare the dependence of cavitation erosion on 
velocity found by variousauthors using equivalent devices, 
we can see that there are considerable differences. 

In the relationship 

the following (Y exponents have been measured: 

- in the Venturi flume 
- with rotating disc 

e - in the flow channel 

The exponent a= 6, currently often applied in practice, can 
therefore at best be considered a mean value of a wide 
variation with all the uncertainties which are of significance 
here. 

Since we have to assume that the results obtained are 
correct, we must deduce that certain parameters which 
influence the cavitation erosion and which have not yet 
been detected were not identical in the individual series of 
tests. If we presuppose that such parameters exist it will be 
problematical to apply the results gained by simplified ex- 
perimentation to fluid machinery. This applies principally to 
the results relating to the cavitation resistanceof individual 
materials relative to each other obtained with an oscillator. 
In this case the processes leading to erosion have nothing 
in common with those in afluid machine, exceptfor thefact 
that the bubbles implode. 

A thesis by Steller shows the extent of thedifferencescom- 
pared to a flow channel which at least bears similarity to a 
pump. The materials numbered consecutively 1 to 6accor- @ ding to their cavitation resistance in an oscillator appear in 
the following sequence in the results for the flow channel: 
1 - 6 - 4 - 5 - 2 - 3 .  

Dlmens~onless d~fference lrom vapour pressure --.c 

Fig. 14: Erosion rate VA (m/s) of chrome steel 1.4027 
(-0-) and stainless steel 1.4408 (-+-) as a 
function of the dimensionless cavitation coeffi- 
cient 

In correspondence with the results of other authors, the 
erosion rate rises as odecreases, i. e. with increasing cavi- 
tation. As a result of such experiments, the erosion rate of 
the materials under investigation, expressed in time, is usu- 
ally employed as a measure of their cavitation resistence. In 
addition to this, the reciprocal ratio of the erosion rates of 
the two materials is applied in proportion to the change in 
service life of the materials used in a fluid machine. 

However, when establishing the ratio of the erosion rates of 
the two materials in Fig. 14 we see, as shown in Fig. 15, that 
this ratio is a function of the cavitation coefficient u (i. e. of 
the NPSH value). 7 



Dimensionless difference from vapour pressure (3 - 
Fig. 15: Ratio of the erosion rates of stainless steel (1.4408) + chrome steel (1.4027) as a function of the di- 

mensionless cavitation coefficient a 

When applied to pumps, we would have to insert the rela- 
tive velocity at the impeller inlet in place of the speed u of 
the rotating disc in the model device. However, since there 
is hardly any difference between the two velocities, u in the 
above equation may be considered as the peripheral speed 
at the impeller inlet diameter, ull, 

To be able to define more clearly the principles that are to 
be observed when pumps are used, we simplify the above 
equation by first assuming u l l a  = const. and taking a cer- 
tain material as a basis. Then the following applies: 

Q - const. 

Fig. 16 shows theerosion rate of cast iron samplesat diffe- 
rent a-values and peripheral speedsatthe sample location 
in the test device with a rotating disc. 

Fig. 17: Trail length IBl, head dropA H and erosion rateVA 
as functions of the NPSH value 

In Fig. 17 this correiation is shown qualitatively as a func- 
tion of the NPSH value a,, made dimensionless with the 
peripheral speed at the impeller inlet. 

0 0.05 0.1 0.15 0.2 
Dimensionless d~fference from vapour pressure 

Fig. 16: Erosion rate of cast iron at 
u = 35.7 m l s  (-0-) and 
u = 29.4mIs (-+-) as a function of the dimen- 
sionless cavitation coefficient a 

When establishing the ratio of the erosion rates, e. g. at 
35.7 m/s  and 29.4m/s, in order to determine the influence 
of the speed, we arrive at exponents a that are functions 
of a. 

Although it is not easy to apply the findings obtained with 
theaboveequipment relating to the resistance of the mate- 
rials to the variables causing erosion quantitively to centri- 
fugal pumps they at least indicate a tendency. Looking at 
Figs. 14 and 16 the erosion rate VA can be expressed as 
follows: 

where a* and u* represent the values at which a certain 
material starts to show defects, W being the resistance of 
the material itself. Since there is a definite correlation be- 
tween a and the bubble trail volume or the bubble trail 
length IB1, it can also be said that: 

The increase in VA that first occurs with decreasing a,-va- 
lue is followed by a drastic drop which corresponds to the 
state of total cavitation (not applicable in practice), where 
the entire impeller is filled with vapourand there is no more 
disintegration of bubbles in the impeller. Subsequent com- 
ponents may, however, be damaged. 

Conversely, when the bubble trail length IBI is left constant, 
which corresponds to ou = const., and the peripheral 
speed and materials are changed, we arrive at: 

VA - (u-u*)~, where u* is a function of the material. 

Material I 

Material I1 

8 VA - (IBI-l*BI)C. (u-u*)~ 1 IW Fig. 18: Erosion rateas afunction of the peripheral speed 



The qualitative summary of the correlations described for 
2 materials W1 and W2 is shown in Fig. 19, where 

(~B~II> (1~111 and ~ U I  > ~ U I I  (see Fig. 171 

a Fig. 19: Erosion rate as a function of the peripheral speed 
ulla, of trail length 161 or a,, and the material W for 
a given impeller geometry and a duty point 

With a peripheral speed u l  la ,  according to point A, noneof 
the materials exhibits cavitation erosion at oul. 
At oull (smaller NPSH) only W2 would show minor damage. 

If we increase the peripheral speed (ulla) to point B, and 
consider the conditions at null, as above, we will see that 
neither of the materials remains without damage. 

Or considered conversely: 
If capacity and speed arespecified, u l l a  will be fixed within 
narrow limits. Toavoid damage, the NPSH available must, if 
material 2 is to be used, correspond to oul, i. e. it must be 
high. If the NPSH available, corresponding to oull is smaller 
(which does not necessarily have to lead to a head drop), 

a both of the materials will show damage. 

This consideration, which refers to a certain duty point, is 
applicable with only quantitive changes to the entire flow 
range, although these changes will be considerable. 

The noise intensity emitted by the pump rises as the NPSH 
decreases, i.e. with the increase in the cavitation trails 
(Fig. 20). 

Fig. 20: Head and noise curves as a function of the NPSH 

Aside from the properties of the liquid, the NPSH required to 
ensure trouble-free operation of the pump, therefore, de- 
pends on 

- the delivery data Q, n (+ ullJ at the design point 
-the operating range 
and 
-the material used. 

As shown in Fig.20, the noise level rises from 75 dB to 
83 dB corresponding objectively to a trebling and subjecti- 
vely to a doubling of the sound energy. 

3.3 Noise and vibrations due to cavitation The decrease in noise at small NPSH values is related to 
the state of full cavitation, where the impeller is more or less 

The typical cavitation noise that is often compared to pum- constantly filled with vapour. 
ping gravel occurs when the vapour bubbles disintegrate. 
The change in the noise spectrum ranges from a few hun- If in this case we were to specify, for instance, that the pump @ dred Hz to the ultrasonic zone (100 kHz), mostly with cha- must not have more than 7868  this could result in an 
racteristic peaks depending on the design of the pump NPSH value of approx. 9 rn which in this case would mean 
(resonance). no head drop. 9 



Vibrations due to cavitation are the result of a combination 
of 3 influences: 

a) Because of inevitable differences at the blades, the cavi- 
tation trails are generally not the same on all the blades. 
As a consequence, the flow around the blades varies 
and an "unbalance" leading to synchronousoscillations 
occurs. 

b) The lengths of the cavitation trails themselves are not 
constant. This may result in vibrations with high and also 
varying frequencies. 

c) If the extent of the cavitation trails is such that the flow is 
noticeably disturbed (head drop), the flow leaving the 
impeller will also become irregular which may lead to 
the formation of separation downstream of each blade 
channel. The more the flow in the impeller is disturbed 
by cavitation, the more the flow approaching the tongue 
of a volute casing pump will fluctuate. The frequency 
can then be determined asfollows: rotational frequency 
x number of impeller blades. 

Fig. 21: Change of the force fluctuations AF as a function 
of the NPSH. 

Fig. 21 shows how the unsteady forces at the rotor change 
as a function of the NPSH value. The vibration amplitudes 
depend on the rigidity of the pump construction. 

3.4 Loss of efficiency 

The criterion of efficiency loss is hardly ever applied in 
centrifugal pump engineering. In principle, the efficiency 
curve versus the NPSH is similar to the head curve (Fig. 5). 
Compared to the head drop, the efficiency loss may occur 
at a higher, equal, or smaller NPSH value. It has even been 
observed that the efficiency actually increases before col- 
lapsing. 

In view of the consequences of cavitation, and depending 
on the point of view, minimum NPSH,, values can be de- 
fined to avoid the various problems. 

4.1 Theoretical criteria 

In theory, where only the flow processes are of interest 
there are two natural limits for pump operation affected by 

10 cavitation: 

4.1.1 
the state of incipient cavitation, characterized by NPSHi, 
where the vapour pressure is just reached at the point of 
lowest static absolute pressure and where the first vapour 
bubbles appear. 

C, 

4.1.2 
the state of total collapse of the flow, characterized by 
NPSHm, where the whole impeller area, as well as sections 
upstream and downstream the impeller are filled with va- 
pour. 

The evaluation of the pump could be made on the basis of 
the theoretical criteria, i.e. according to the location of 
these limits, where the total collapse state is of special in- 
terest, as it can be easily determined and pump operation 
beyond this limiting curve is not possible. Theoretically 
there are no significant points inbetween. 

4.2 Criteria applied in practice 
In the case of large or high-speed pumps the criterion of 
incipient cavitation is important as an upper limit, because 
the ratio of values. NPSH : NPSH,. ~rovides a useful guide- . . 
line. 

The application of the NPSHi-criterion is in general not 
possible for economic reasons as unnecessarily complex 
or expensive pumps would result. For certain applications 
the criterion of full cavitation is of importance as the lower 
limit (self-regulation). The application of this criterion on its 
own can only be justified in specific cases, asconsiderable 
cavitation damage may occur in the event of prolonged 
operation near the head drop limit (see3.2). 

In practice the aim is for an efficient and reliable plant so 
that the intermediate range is of interest for indicating how 
thedeliverydataare affected by cavitation, and toshow the 
consequences, such as noise, wear and performance irre- 
gularities. 

The criteria according to which the required NPSH-value 
(NPSHreq) is determined can thus be listed as follows: 

4.2.1 Incipient cavitation 
NPSHi 

4.2.2 Head decrease by a certain percentage: 
0% NPSHn 

x% NPSH, 

4.2.3 Efficiency loss by a certain amount 
NPSHA, 

4.2.4 Erosion of a specific material quantity in a unit of 
time 

NPSHAm 

4.2.5 Exceeding of a certain noise level 
NPSHP~O" 

4.2.6 Maintenance of a certain vibration level 
NPSHvibr. 

4.2.7 Collapse of the flow, total cavitation 
NPSHtot 



5 The NPSH required 

By NPSH value required (NPSHFq), we understand the 
NPSH-value that must, as a min~mum, be available in a 
plant upstream of the pump inlet, so as to fulfil one of the 
above criteria agreed upon when the order is placed. 

The following must therefore always be true: 

The next question is which of the criteria to use in each 
specific case. 

Any user must consider the service life of a pump to be an 
essential evaluation criterion. As regards cavitation this 
means that erosion phenomena do not occur at all or only 
to such an extent that the operation of the pump is not 
endangered within a specified period. 

However, since the specified operating performance must 
be met, the headdrop and efficiency loss must not exceed a 
certain limit. 

The application of other criteria, such as noise generation 
or total cavitation, is relatively rare. 

Thus, the values used to assess a pump are primarily the 
NPSHX1) and NPSHAm values where the criterion giving 
the higher value takes precedence. 

Whereas the affinity law is applicable for the NPSH3-value 
in thecase of equal or geometrically similar impellers with a 
gas-free medium, 

and consequently 

29 . NPSH, 
flu3 - =constant 

u21 1 a 
NPSHAm depends on the admissible erosion rate VA 
which, in turn, is at first approximation proportional to u611a 
and 1 3 ~ ~  as shown in 3.2. 

Thus unlike NPSH3, NPSHAm is not proportional to 
the Deripheral weed to the Dower of two, but to a 
higher power. ' 

Asaconsequence 

2g . NPSHA, 
"Jhrn3 = =f(ulla) + const 

u211 
Practical experience shows that, as described under 3.2, 
there are indeed mean critical velocities u*lla, below 
which there is no or no inadmissible cavitation erosion of 
materials used for impellers, even if the pump is operated at 
a decreased head. In this range the following applies: 

consequently: uu3 > uuam 

and uu,req = Uu3 

@ 1) In most caseax isconsidered tobeJ%, lessfrequently x = O  Wwhere 
NPSH, can be ascertained more easily by measurements, as the 
measuring inaccuraciesalone may lead toconsiderable uncertainties 
regarding the determination of NPSH,. 

Above u* l  la, auA, rises moreand moreas u l l a  increases 
and reaches approx. uui at ulla480 m/s, i.e. a value for 
incipient cavitation, even with materials of best quality 
(Fig. 22). 

Thus, the following applies: 

Fig.22: as a function of u l l a  

While uu3 can be easily determined by means of measu- 
rements, indications Of a,,, can only be made on the 
basis of carefully evaluated operating experience, where 
extrapolations involve considerable risks. 

The aims pursued in the development of impellers vary 
depending on the criterion (au3 or o,~,,,). 

Application of the head criterion means that impellers are 
to be developed where a head decrease occurs only at 
rather small NPSHA values. 

If, however, the cavitation erosion is the dominant factor 
the cavitation trails must, at a specified NPSHA, be as short 
as possible since VA - lCBl (with c -;: 3). 

The geometries resulting from these two requirements are 
clearly different. 
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