
The results of the 2 methods (Equations 5 .33  and 5 .3 4 ) are 

given below in Table . , 8 .
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d/D Pu

(kPa)

THEORETICAL NO. 

OF RUBBt.ES/kg 

(EQN. 5 .33 )

THEORETICAL NO. OF 

BUBO.ES/kg 

(EQN. 5 .34)

0 ,206 2000 72,9  x 106

7000 356 x 106

0 ,276 2000 126 x 106

7000 316 x 106

0 ,330 2000 144 x 106 47 ,62  x 103

7000 174 x 106

0 ,377 2000 115 r 106

7000 *56 x 106

0 ,444 2000 226 x 106

6000 420 x 106

TABLE 5 .8  BUBBLES PRODUCED AT ORIFICE

?.od a comparison of the calculations of the theoretical number 

of bubbles in Table 5 .8  above, it can be seen that there i,i a 

discrepancy between the l u o  calcul tion methods used, the energy 

required method (Equation 5 .33 ) giving bubble production numbers 

which are in excess of those calculated from the volume method 

(Equation 5 .3 4 ) .  Assuming tha he limitations and assumptions 

used in the foregoing Analyses are correct, the results imply 

that at the incipient cavitation conditiou. the Jet or annulus 

from the orifice is full of bubbles.

Howe-rer, the discrepancy between the bubble numbers of the two 

method* also implies that there is physically insufficient space 

for a ll  of the bubbles to fit  Into the orifice flow.



It would hence appear that the assumptions regarding the bubble 

mass and critical radius require modification. Within the 

turbulent flow regions immediately upstream and downstream of 

the o rifice , the bubble shape is fuspected to be anything but 

spherical, the turbulence continuously deforming the assumed 

.^hape. Therefore, this criterion would also appear to require 

development. The changing pressures downstream of the orifice 

would also modify the calculated result. Furthermore, all 

kinetic energy gained in the process of contraction to the 

srifice jet (as given in Eqn 5 .32 ) may not be available for 

bubble formation. This conclusion 'n  some ways agrees with that 

reported in Section 2 .1 .3  (Hamnitt F .G . 1963 ), namely that 

separate energy levels are required for different cavitation 

levels.

5 .3 .2  DERIVATION OF INCIPIENT CAVITATION PREDICTION EQUATION

From Section 5 .2 .3  it was concluded that an incipient cavitation 

pred' tion aquation should be based on the values of upstream 

pressure, orifice diameter ratio and pressure drop:

Incipient cavitation - f(Fu , A  P, cl/D) 5 .35

Thu*, for oce orifice ratio and upstream pressure, incipient 

cavitation is brought about at a particula pressure drop, 

therefore

4 P  - f(pu ) 5 .36

any given orifice size

^ P  - f(Pu , d /D ) 5 .37

This result accords with the equation proposed by Ball J .W . et 

al (1975) , v iz ,
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V - 0 ,9 4  V

V S F T r A  *  c a ]  1

5 .38
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Cue particular property of the prediction equation is that when 

the upstream pressure is in fact the vapour pressure, the 

pressuie drop required to cause cavitation is zero.

Hence, the equation must pass through the datum of "zero" 

pressure ("ze ro " pressure in this particular case being defined 

as the vapour pressure of the liquid) and zero pressure drop 

(alternative representations of P are in terms of velocity 

ani Reynolds Number) .

A curve fitting exercise was therefore carried out for the 

experimental cavitation data calculated from the East

"'riefontein data, Table 5 .4 .  This exercise showed the beat fits  

(Tables 5.9  and 5 .10 , and Figures 5.25 and 5 .26 ) to be linear 

vhe.i based on the correlation coeffi^ent, r^; and logarithmic 

when based on the root mean square deviation. However, the 

logarithmic curves are in error when extrapolated below 2000 

kPa, in the light of the results of Ball J.W . et al (1975). Hie 

linear fits  are also inconsistent with the predicted data from 

Ball J .W . et al (1975) (Figures 4 .6  and 4 .1 1 )  as they have 

positive intercepts ranging between 169 kPa and 36* kPa, despite 

their good fit  to the incipient cavitation data. Of the 

remaining two fits , exponential and power curves, the better fit  

was the oower one, which also has the property of passing 

through the datum zero and is consistent with the predicted data 

from Ball J.W . e i  al (1975). For this reason, and contrary to 

conclusion'-, regarding the fits of the llneai’ and logarithmic 

curves, the power curve was selected to form the basis of the 

prediction equation, the resulting curve having the form

I*?. if

then A  p - o

5 .39

V
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TABLE 5.9 ERRORS FOR THE DERIVED PREDICTION EQUATIONS

1



EQUATION TYPES:

Linear

Power

Exponential 

Logar* drnic

A P - a Py + b 

A P- i. P^

A  P - a e bPU 

A P » a -1-blnPy

TAELE 5.10 PREDICTION EQUATION COEFFICEUTS
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The coefficients for the various equation fits  are shown in 

Table 5 .10 .

The next stage of the prediction equation analysis was to 

generalize the equations for individual orifices into one 

equation. This was achieved by fitting equations to the 

derived multiplying and index coefficients for the individual 

orifice prediction aquations. The coefficients for the 

equations were plotted to observe the nature of their trends 

(Figure 5 .2 7 ) ,  and in  view of the apparent slopes an equation 

was fitted for the index coefficient first and for the 

multiplying coefficient second. Unfortunately, the graphs 

appear to be influenced by the coefficients for the 0 ,444 

diameter ratio orJ flee. As a result of this-, wer cu»*ve was 

found to be the most suitable fit  for the inde jffirant, the 

equation being

. . - 0 , 3 5  
b -  0 . 8  (d/D)

the root mean square deviation being 1 6 ,SZ. Using data from 

this equation and experimental data from Table 5 .4 , a new 

estimate was made for the multiplying coefficient:

ie.
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The new values for the coefficient are therefore

d/D 0,206 0,276 0,330 0,^77 0,444

a 0 ,58 1,16 1 ,79 1 ,* / 2 .38

and these are shown in Figure 5.2 8. A linear equation was 

fitted to this data, the root mean square deviation being 

6,6% ; the equation in then

a -  9 , 42 d/ D -  1,4



The coefficienta for the various equation fits  are shown in 

Table 5 .10 .

The next stage of the prediction equation analysis was to 

generalize the equations for individual orifices into one 

equation. This was achieved by fitting equations to the 

derived multiplying and index coefficients for the individual 

orifice prediction equations. The coefficients for the 

equations were plotted to observe the nature of their trends 

(figure 5 .2 7 ) ,  and in view of the apparent slopes, an equation 

was fitted for the index coefficient first and for the 

multiplying coefficient second. Unfortunately, the graphs 

appear to be Influenced by the coefficient;; for the 0.444 

diameter ratio orifice . As a result of this, a power curve was 

id to be the most suitable fit  for the index coefficent, the 

uAtlon being

# , " 0 . 3 5  
b -  O. e  (d/D)

the root mean square deviation being 1 6 ,9Z. Using data from 

this equation and experimental data from Table 5 .4 , a new 

estimate was aiade for the multiplying coefficient:

ie .

A Pa
p  b
rU

The new values for the coefficient are therefore

d/D 0.206 0,276 0,330 0,377 0,444

a 0 ,58 1,16 1 .79 1,97 2 ,88

and these are shown in Pi^uie 5.2 8. A linear equation vas 

fitted to this data, th« root mean square deviation being 

6,6% ; the equation is then

a -  9 . 42 d/ D -  3,4

■
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Combining these equations with equation 5.3 9, the 

prediction eqm £ion becomes

-  0 35 
0,e(d/D) '

A P  =  (0,42 d /D  -1,4) Fy 

the limits being

0 ,206  < d/D < 0 ,444

20r>0 kPa < Pu < 7000 kPa

for a pipe diameter of 97,2  mm.

For this equation the percentage root mean square deviation 

is calculated to be 1 3 ,6Z , the experimental and calculated 

prediction values being given In Table 5 .11 .

In carrying out the above exercise of curve fitting , 

factors other than strictly mathematical ones have been 

taken into account. The first of these is th means used 

to determine the Incipient cavitation point. As no method 

appeared to be available to determine the incipient point a 

method was put forward based on the University of the 

Witwatersrand results. This method is different from the 

aural one used by Ball J.W . et al (1975) but has one 

distinct advantage in that it  relies on a curve fit  and a 

tangent. From the incipient cavitation results In Table

5.4 the variation in incipient cavitation results can be 

noted (as stated previously); and Che fact that the 

predicted values do not agree completely with the 

experimental calculated values should be considered in the 

l i ,i t  of the reesons discuBsed in Sections 4 .1 .2  and 5 .1 .

Further, the methods used to form equations for the Index 

and multiplying coeffients in the prediction equation have 

tended to smooth the data, thus moving the predicted values 

away from the experimental ones. This has also focussed 

attention on another factor, namely, that of equation



U P S T R E A M  P R E S S U II E (kl’a)

d/D ' Z W  ~ “ looo 400(5 5000 6000 7000

0 EXP 1609 2850 3317 4065 4 71.1 5569

#

2
0

6

PRED 1497 2286 3086 3894 4 710 55 31

0 EXP 1377 2429 3050 3542 4134 4668

P

2
7

6

PRED 1544 2263 , 2968 3661 4348 5027

0 EXP 1147 2226 3109 34 91 3975 4555

/
3

3

0

PRED 1416 2026 2613 3184 3740 4285

0 EXP 1013 1792 2462 2308 2860 3914

#
3
7
T/

PRED 1314 1849 2359 2847 3320 3782

0 EXP 1619 1390 1862 2205 3351 -

#
4
4

4

PRED 1.187 1643 2066 .466 2852

TABLL 5 .11  EXPERIMENTAL AND PREDICTED INCIPIENT CAVITATON VALUES

- EAST DRIEFONTEIN GOLD MINE
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accuracy* To produce a high accuracy prediction equation 

which agreed exactly with the experimental results might in 

Itself be misleading , due to the apparent variation in 

results compared vith the trends forecast from upstream 

pressure and those stated above.

To provide a check on the prediction equation, cavitation 

limits were therefore predicted for the orifices usrd in 

the Uaiversity of the Witwatersrand experime 3. These 

values are given below in Table 5 .12 .

r  ' ORIFICE DIAMETER RATIO, d/D

0 ,24 0 ,43 0,61 0 ,79

PREDICTED

(kPa)

290 295 229 136

EXPERIMENTAL 

(kPa)

359 214 234 115

Ball J.W . 

et al (1 9 /5 )  

(kPa)

*85 182 81 29

TABLE 5.12 EXPERIMENTAL AND PREDICTED INCIPIENT 

CAVITATION VALUES - UNIVERSITY OF THE 

W I T H ERS R/ND

As can be seer, none of fhe values agree closely, eicher 

with the work of Ball J.W . et al (1975) or the derived 

prediction equation. This again raises doubt as to the 

definition of Incipient cavitation used. Further to this 

it must also be realised that the test parameters for the 

University of the Witwatersrand work are outside tha limits 

for the derived prediction equation, whereas those of 

Ball J.W . et al (1975) are not. Other reasons for the 

discrepancies are the actual measurements and the physical 

condition of the pipes and oriflct used
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The measurement of flow in both the University of the 

Wltwatersrand and East Driefontein experiments showed 

reasonably good agreement with theory; however, there was 

some deviation. This could not be ascribed to a systematic 

error, as the er~or was not consistent in a ll  cases for the 

two experiment sit*.'. Allied to this is the fact that the 

experimental flowrate^ fonrlng the basis of the work of 

Ball J .W . et al (1975) are not known.

Coupled to the above is a certain aspect of pressure drop 

measurement: this is that the information in Section 5 .1 .2  

?hows the pressure drop xeasurements in the University of 

the Wltwatersrand experiments to become more Inaccurate as 

the pressure drop decreases; and likewise for the East 

Driefontein experiments - though the latter still remain 

within acceptable limits. It is also possible that due to 

the condition of the pipes, the measure pressure drop could 

have been greater or less than that measured by Ball J.W . 

et al (1 9 7 5 ), The perspex pipes used in the University of 

the Wltwatersrand experiments were smooth and would have a 

roughness factor that was similar to, or better than, that 

of steel pipes, this factor possibly changing with pipe age 

and water residence time ( i .e .  when no experiments were 

taking place). With the East Driefontein experiments the 

pipes installed were new, and had clean and smooth internal 

surfaces. Bjwever, a period of approximately two months 

elapsed before the test facility  was used for the 

experiments. IXiring this; period some water may have 

entered the pipes and caused rusting. Further, some pipe 

work modifications had *o be carried out after the system 

was first operated at its design conditions. This meant 

that the pipes may have been full of water for a further 

month, and obviously water remained in the pipes between 

experiments. The effect of the water may have been to 

erode (rust) the internal surfaces of the pipes and/or 

cause scale to be deposited on the internal surfaces. Both 

erosion and caling would change the roughness 

characteristic. A higher pressure drop than that 

calculated could thus be expected (this would also have had 

the effect of altering the experimental flow/pressure drop 

curves).



Hie measurement of flow in both the University of the 

Wltwatersrand and East Driefontein experiments showed 

reasonably good agreement with theory; however, there was 

somi deviation. This could not be ascribed to a systematic 

error, as w le error was not consistent in a ll  cases for the 

two experiment sites. Allied to this is the fact that the 

experimental flowrates forming the basis of the work of 

Ball J .W . et al  (1975) are not known.

Coupled to the above is a certain aspect of pressure drop 

rar ■>3ureuksnt: this is that the information in Section 5 .1 .2  

’ h' * . ;he pressure drop measurement3 in  the University of 

t.’.a *.lv.w&- arsod experir«o,‘j< to become more inaccurate as 

the pressure &r?i> ■»'*» .a*::*. ,-3d likewise for the East 

Driefontein experiments - thc-u^i <.1 2 latter st ill  rema n 

within acceptable limits. It is also possible that dut tc 

the condition of the pipes, the measure pressure drop •; ‘ i 

have been greater or less than that measured by Ball J ,» .  

et al (1 9 7 5 ). The perspex pipes used in the University cf 

the Witwatersrand experiments were smooth and would have a 

roughness factor that was similar to, or better than, that 

of steel pipes, this factor possibly changing with pipe age 

and water residence time ( i .e .  when no experiments were 

taking place). With the East Driefontein experiments the 

pipes installed were new, and had clean and smooth internal 

surfaces. However, a period of approximately two months 

elapsed before the test facility  was used for the 

experiments. During thi3 period some water may have 

enter’ d the pipes and caused rusting. Further, some pipe 

work modifications had to be carried out after the system 

was first operated at its design conditions. This meant 

that the plp'js may nave been full of water for a further 

month, and obviously water remained in the pipes between 

experiments. The effect of the water may have been to 

erode (rust) the internal surfaces of the pipes and/or 

cause scale to be deposited on the internal surfaces. Both 

erosion and scaling would change the roughness 

characteristic. A higher pressure drop than that 

calculated could thus be expected (this would also have had 

the effect of altering the experimental flow/pressure drop 

curves).



The last reason is that of the orifice profile , the orifice 

for the University of the Witwatersrand tests being 

aachlnecl from brass and those for East Driefontein from 

alloy steel (EN 58) which was then heat treated to ensure 

minimal damage due to cavitation erosion because of 

possible test duration. It was evident from examination of 

the orifices before and after use that the leading edge 

(.rofile had not changed. All of the orifices had a slight 

rounding of the leading edge after manufacture, the radius 

being typically of the order of 0 ,3  mm. Using Miller D .S . 

(x 971 ), an estimation of the effect of this edge radius on 

orifice performance was made. For the 8 ,2  mm diameter 

orifice the true pressure drop would be a factor of 1 ,1  

times that measured, and for the 43 ,2  mm orifice tho 

pressure drop would be 1 ,04  times that measured.

From the above discussions and the Sections on result3 for 

the University of the Witwatersrand and East Driefontein 

experiments, and in particular, on the differences between 

experimental, predicted (Ball J .W . et a l , 1975) and derived 

prediction equation results, it  is clear that calculated 

errors have not gererally been of sufficient magnitude to 

account for the differences. In such Instances further 

reasons have been put foward to account for the 

differences. Outside of these there remains a further 

factor, that of temperature. The experimental facilities 

were operated at different temperatures, and the 

temperatures applicable to the work of Ball J .W . et al 

(1975) are not known. Although undetermined, this aspect 

may have affected results. Taking the East Driefontein 

results for instance, with a water temperature of 24 °C, 

then i f  the temperature had been above this, the water 

vapour pressure would have been higher and one would expe*. t 

cavitation to occur more easily . However, i f  the 

temperature had been lower, it  would have been expected 

that cavitation wcuid be harder to achieve.



In view of the differences between the original definition 

of incipient cavitation and the one proposed and used 

herein, discrepancies of one kind or another are bound to 

occur. However, it is felt  that the method used to 

determine Incipient cavitation is still  of value, and by 

utilising the Incipient cavitation point Instead of that 

corresponding to critical, incipient damage, or choking, 

conditions, a certain margin of safety has been built into 

the results of the experiments. The definsd incipient 

point acts as a 'go no-go gauge' , any flow or pressure drop 

up to the incipient point indicating operation with no 

cavitation, and above it  indicating cavitation.

In the following section the derived prediction equation 

for incipient cavitation is applied to establish various 

design criteria.



APPLICATION OF ANALYSIS TO DESIGN

The problem as discussed In Chapter 1 was primarily one of 

determining a method for predicting cavitation limits for an 

orifice (the orifice being the means proposed to effect pressure 

dissipation) - in  other words, to serve as a design guide. The 

derived prediction equation is :

. . . - 0 , 3 5
- I . . 0.8 d/D
A P  - 0,42 d/D-1,4 P 6 .1

Any prediction method used should be relatively easy to apply and 

be capable of providing data on pressure losses In the limiting 

case, i .e .  when cavitation actually occurs. After an examination 

of possible forme of data presentation - nomograph, graph, 

equation, data table, etc. - it was decided that the most 

suitable fotm would be the graphical one, the reason being that a

graph can be conveniently used to present a large amount of 

readily assimilable information on a single sheet. The 

Information thus presented would enable Lhe process of pressure 

dissipation and cavitation limits to be viewed together. The 

level of Interpolation required can also easily be judged from 

the shape of the curves Thown on the graph, and any extra data 

that may be required can be superimposed later.

To comply with the above format the graph in Figure 6 .1  was 

constructed. Essentially it  is the pressure drop/flowratc graph 

for the orifices tested at East Drlefontein Gold Mine. 

Superimposed on the graph are curves which hav*. been drawn using 

the derived incipient cavitation prediction equation (Section 

5 .3 .2 ) ,  each curve representing the incipient cavitation limit 

for the upstream pressure condition of each orifice used. For 

any particular point on a cavitation curve there is thus a 

cavitation area and a non-cavitation area. The cavitation area 

is the part of the pressure drop/flowrate curve for the 

particular orifice in question that is above the cavitation 

curve, and any pressure drop/flowrate given by this line will 

result in a cavitatlng condition. The non-cavitation area is





below the cavitation curve and also follows the pressure 

drop/flowrate curve for the particular orifice . This is a 

safe area, and a^y pressure drop/flowrate curve within this 

area can be utilised without a condition worse than 

incipient cavitation occurring.

Tha curves for the pressure drop/flown tes were drawn using 

the equations derived in Section 4 .2 .2 ;  the reasons for 

using these equati is in preference to the accepted text 

book equations are that the cavitation prediction equation 

is based on the exporlmental flowrate and not the 

theoretical flowarate. Also, as discussed in Section 

5 .3 .3 , there are a number of reasons why the measured flow 

is less t u n  the theoretical flow (the main one in this 

case bei»\* considered to be pipe roughness). Thus measured 

flows art ictual flows for the test facility  and in any 

mine water -eticulation system it is unlikely that the 

internal condi tion of the pipes will Se similar to that of 

new pipes (theoretical flow condition). Prediction on the 

basis of the experimental equations should therefore 

provide more realistic data.

In appxylng the information contained in the analysis 

(Section 5 .3 )  and the graph contained in Figure 6 .1  to the 

problem pres anted in Section 1, the main effect which 

cavitation may have should always be fully realised. This 

i s ,  if  cavitation is allowed to occur (and dep<>ndiug on the 

intensity of its occurrence) there is always a possibility 

of erosion on solid boundaries, the erosion b e i n g  l i n k e d  " c  

time and cavitation intensity. Obviously the erosion 

becomes more noticeable after long period of time, while 

Intensity Increases t * Plosion ratfe. Quite ofter. in the 

mine situation, wate reticulation systems operate 

unattended for extensive time periods. The high noise 

factor in certain situations also tends to mask the 

occurrence of cavitation. Thus, to ensure system integrity 

there should be a minimum likelihood of cavitation 

occurring, or the cavitation level should be such that r, 3 

damage w ill occur, i .e .  incipient cavitation is the worst 

case allowable.



APP ICATION OF DESIGN DATA TO MINING FROH.&1S

To demonstrate the use of the design data in Section 6 , two 

examples are given below. These are not the only cases 

where cavitation could occur in a water reticulation 

system; however, It  is felt that they ably demonstrate the 

use and application of the experimental data conveyed in 

Figure 6 .1 .

Example (1)

Water at a flowrate of 50 l /»  is required to f i l l  a dam 

downstream of a Pelton turolne. The water is drawn from 

the shaft column and the turbine is at a depth of 714 m 

below the surface (the static pressure available being 

7000 kPa). The decision having been taken to use an 

orifice plate pressure dlsslpator to act as the turbine

bypass, it is thus required to size the orifice plates 

needed for the pressure dlsslpator, given that the back 

pressure produced by the pipework downstream of the orifice 

is 700 kPa at 50 1 /s . No cavitation - other than Incipient 

cavitation - should be allowed to occur.

Solution

From Figure 6 .1  it w ill be noted that higher pressure 

drop/upetream pressure ratios can be achieved with the 

smaller orifice sizes. The flow through the orifice will 

then he as small as possible. Making the assumption that a 

group of 2 orifices in parallel will be suitable for 

pressure dissipation, the flowrate per orifice w ill be 25 

1 /s , at which value the maximum pressure drop for an 

upstream pressure of 7000 kPa is 5330 kPa, the orifice 

diameter ratio then being 0 ,239 . Therefore! after the 

water has passed through the first set of orifices the 

press" 'omes 1620 kPa, and the pressure which is still  

re' i dissipated is 920 kPa. The maximum pressure

dissipated at 25 1/s and 1620 kPa is 1300 kPa, 

the diameter ratio then being 0/ 2 71. Thus, the
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920 kPa can be dissipated by an crixice operating below the 

incipient cavitation point, i .e .  one of 0 ,34  orifice 

diameter ratio (it is evident th*t the 2 flows rejoin after 

this point and flow to the dam as one). The pressure is 

thus reduced to 700 kPa, which is  suitable for the 

downstream pipe work. This process is summarised below in 

TabJe 6 .1  and Figure 6 .2 .

50 1/s 

7000 kPa

50 1/s 

700 kPa

UPSTREAM 

PRESSL tE 

(kPa)

PRESSURE

DROP d/D

ORIFICES

REQUIRED

FLOW

(l /s )

/000

*620

5380 0,239 2 25

700

920 0,34 2 25

T\BLE 6 .1  SUMMARY OF SOLUTION TO EXAMPLE (i )



FIGURE 6.2 SCHEMATIC DIAGR/M OF VURBINE BY-PASS FOR EXAMPLE (1)



Example (11)

Water is fed via the shaft column (and a pressure reducing 

valve) to a particular level of a mine. At that le’rel, the 

water flows through a 150 mm N .B . pipe until the first 

crosscut, whence some of the water flows through a 100 mm 

N .B . pipe to two cooling coils (a main valve being situated 

at the crosscut entrance in the 100 mm N .B . pipe). The 

water flowrate is controlled by constant flow control 

valves fitted to the cooling coils (Figure 6 .3 ) .  The 

posslbllfty exists with thi3 system that i f  a pipe should 

become fractured (duu, for example, to a fall of rock, 

damage by underground locomotives, e t c .) ,  the entire water 

system could be drained. Therefore, a restricting orifice 

needs to be placed somewhere in the reticulation system 

described above. It Is assumed that the pipe w ill fracture 

at the entrance to a cooling coil - the valves being

located downstream (this Is not the only possible location 

for pipes to fracture; the purpose of this choice of 

location is to demonstrate the application of the 

prediction graph, Figure 6 .1 ) .  The orifice Is to be placed 

In the 100 mm N.B. pipe upatream of the cooling coils, the 

pressure being 2000 kPa, the flowrate during normal 

operation being 8 i / s  and the allowable pressure drop 

across the orifice 500 k?a. Again it is assumed that a 

pipe fracture is liable to take place somewhere between the 

orifice and the cooling coils. It is required to size a 

suitable restricting orifice and to determine the flowrate 

i f  the pipe fractures as suggested.

Solution

For an orf.flce to provide maximum system protection it must 

be sized for 8 1/s at 2000 kPa for a pressure drop of 

500 kPa. Referring to Figure 6 .1  this requirement 

indicates an orifice diameter ratio of 0,243 (8 l /s  at

500 kPa). The pressure drop for Incipient cavitation at an 

upstream pressure of 2000 kPa Is 1560 kPa; therefore, 

during normal system operation no cavitation should occur.
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