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j 4. Bell 

establishes definitely that the basic laws for orifices axe trkw- Work 

of this nature signifies progress and increases the aonfide=e of those 

} ♦ use the irf,« authors axe to "be consended for their r } s 

#u 

Actually$  an examination of basic relationships for orifices 

confirmo the results. The differential bead between two presauxe,  taps, 

om upstrew and the other dovastream, of an orifice in a pipelineo  is 

an iniWotion of the amount, of flow throu& the orifice irr"pective of 

the location of the UV*. The change in hydraulic grade,  between the tvo 

taps (differential bead) results frm t1wee sourctes: (1) head to cxaft 

tJae flov tbmugh the orifice,, (2)  bead 1008 due to boundO47 friction., 

and (3) head loss due to turbulent eddies. The wount contributed by 

ewh of the three sources viU vary vith the ge=stry of the jet Issain 

't'sa the orifice sad the distance of the " r.sr the orifice. For  

fully developed turbulence and a given orifice., tAe flov pattern 

geometry in the pipe does « - not changenoticeably.,prwided the } +a -a'. „; 
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downstream 'tap is located any appreciable distance downstream fix= the 

Yom contracts, as is the case for part of the data sbown on Figure 3-

Hovewr, the eoefficients in these cases remain substantially constant 

until the hydraulic grade in the "recovery" region moves pest the tap 

location. 

As the cavitation envelope below an orifice lengthens due to 

decreased back pressure and the `'re eery" region moves past the down-

stream tap, the pressure at this tap is lowered„ increasing the aPparent 

differential head between the upstrem and downstream tap$ while neither 

changing the pressure Immediately downstream from the orifice nor the 

discharge through the orifice. This results in a decrease in coefficient 

as shown on the curve$ of Figure 3. As the cavitation envelope extends 

and vapor pressure reaches the downstrswsrt tap, the coefficient again 

berms emstant and hers a value equal to that for flange tape. 

There is a difference in. ==eri.cal value of the coefficient 

depending on host' for the downstrew tap is located from the orifice. 

This is due mainly to the difference in friction and eddy losses to the 

various aus locations. . difference* aces for taps located 4, 2.1, 15, and 36 

inches do wnstrem from -X3/8., 1.-3/4- and 1-1/4-inch orifices in a 3-inch 

standard pipe mare showm in the plots on Figure 3. The differences for 

the two locations farthest downstream became insignificant for the 

smallest orifice where the Yelociti.es  in the pipe are very low and the 

friction end eddy loan differences become an insignificant pew of the 
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total head. differential. `die shape of the curves, cavitation mxuber (K) 

versus coefficient of discharge (C),  in any arse will be ex"ntially the 

sew+ for both locations in the reage where the " cav?erg" inn moves 

pest the tap. Aere the tap is locatted t dovastv m a from the v 

contracts as for the 2.1-inch location, Sta. M.. can to 2-3/8-inch 

orifice, the ooefficient,  vill be slightly der than for fl*W taps 

until vwr pressure reaches the tap (Figure 3). 

A f1ov nos 1.333 inches in cifsmter (Figure 4) vw tested 

in the same netting as the three orifices. The data for that nozzle arer 

plotted on both Figures 1 and 4. The Kd versus C curve on Figure  

is quite different from that for orifices.,  indicating that cavitation 

does affect tb* efficiency of this psrtiaala.r shams. Also for this 

particular nossle,r  there someed to be a slight change in the values of C 

with heel, the cause of which has not been definitely determined but 

be an influence introduced by the shape of the nozzle. The discharge 

coefficient of this nozzle is erected by cavitation irmspective of 

the don istrtmma tap location. 

The cavitation data given in the paper are vary interestings, 

and their publication  have brought out same,  interesting facts, The 

cavitation number for i.#.pient cavitation obtained by our for that 1-1/4-, 

1-3/4- and 2-3/8-inch orifices tested in the burtmx of PAn1wation 

h;,iedratalic Laboratory and bed on the relationships given in the paper 

were 1.30  1.1 and 1.0, respectively. These values appear to agree 



rea«:f`} ! .}.. .. paper;  however.,  • trend is  • ! it ! - • 

by oar to Increase vith decrease in 13 ratber than incres" vith )6 " 

cavitev- 

tion became quite :.r #-: a ns  .. (Pig are of ! e paper.)  

rn one series of tests mado in the Bureau of Reelmation 

HydrwUc Laboratory on the 1-3/4-inch orifice,, 'the value of K for 

incipient Ouvitation,,using the relationships, given in the Mar, did 

wt agree with that given in the lwper*, Also#  On or the 

test } R 
 
3-inch orifices_. placed in tandw in 

a 3~-inch pipeline to serve as a pressure reducing "tev; indicated 

poor agreement. Tn these instances it appeared that owfitatAon 

occurred at w=h smaller values- of K than shown. in the Mar. Cbeck 

tests on the 1-3/4-inch orifice shoved the initial tests to be in error. 

The check tests on this orifice agreed reasoneWv well vith the results 

given in the paper and it vus theorized. that a small air 1*" into the 

sywt4w occurred dovustream from the orificej, thus preventing cavitation 

wise (erepitation) until a lower value of K v" rewhed. 

In the tests in viaich the two 2.083-incla orifices vere used in 

!♦.:,itiR In .: 3-inch is R: !.' (FiVire thecriterion '` #., t..t.e noise  

level was acceptable* Ihis point vas therefore sovevh&t Abwft that for 

R,# 
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incipient cavitation and agreamt, with the data In the peter could 

not be meted. 

lie cavi.tat9 on number given in the paper in not in a fb= 

which could, be readily used try desl4pers to deterl vhetbcr or not 

there would be objectionable cavitation and vibration in an orifice 

f z stal at on. In studies on V*lves in the Burew of Remotion 

Hydraullo laboratory(3) gather fo= of cavitation xuber was found 

most userl, for this pur4vee* The now relationship can be applied 

to orifices in a piper. 7be data for three orifices using tbla 

relationship 

AO -./—Zg V110  ~-Hx  

are plotted on Fib 3 where the symbols in both equations are defined. 

Knowing the aritica cavitation nustbeer Ki  at vt4ch cavitation 

is incipient for an orifice, it is possible to d*Urmi.ne the back pressure 

re,4u#.red to prevent oxviitation for a given upst head, or to compute 

the allova'hle upstream head for s given b+aek. pressure. It is believed  

that the visriation of K with A ` , where A ' is the ratio of the 

area of the jet at the v+ena, coa'tracta to that of the pipe, should be 

somevbat like that shoun in Figure 6. ThIA relationship was obtained 

by asoumlne general cavitation J%wt begiwxing in the pipe i=wdiately 

I 'Nil 
3 1. 4avita~ttic p etree riecti cs of "te V4aves 1113d Gwl:o 

Valves Used an Flow 1 gulaxtorrs Under Heads Up to About 125 ,Feet." 
Poor 36-F-  ,, volme 6. Nov-ember 1957,$  A.S.M.E. fictions, ty 

W. Ball. 
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Values of Kt.  detAtrained by ear for the tie orifices, and 

based on the relationabiP in Figure 3 for tape located at Sta. 4 

axe also plotted on Figure 6. The curve fo=od by these values is wxh 

higher than that based on the occurrence of vapor pressure imsediatelt 

dowstraw from the orifice# and the Sords, Loss. This signifies that 

cavitation ocoum before vapor pressure is registered at flange or 

-.l.:tontracta, i 

fi - !'« t i h:.~: Irt:fs' •.. 1. fi Aad... 

vhere v*Wr pressure at the downstream f1sage top vas,  believed to be 

incipient, tho values of K for this conditio% based on downstream 

tape at Stations 4 and 5. vere plotted for coupwism vith tl* values 

,obtained using the Bords, Loss roUtionship. 2b* K values for the 

♦ . «+`. based on beads stations  mt sad t # i' .. ♦ - i 1} plots  

it the  pressim data, R sood weR t• .. t FivueN p.t..e »f 

is excellent considering that the infomation vas taken from tests not 

tr...1 ! that specific  Ru. M it .. that it  woz ii?: i. that vapor 

pressure vas incipientthe dawn  dawnstrom fl=gatape, and.., 



questionable that the tAWs, were located or could be located to indicate 

the conditions assuaed fbr the Vx*da, Lori relationship. 

The values of K, for the three different orifices were obtained 

by u'fii... The wAdibility of cavitation was +MAY/4ed fo each Nest run. There 

vere twee conditions ns observed,*  (1) cavitation definitely audib ,, 

(2) cavitation definitely not able,, and (3)  Cam tation audibi Ity 

questionable. The third condition gave the most difficUty but was 

very useful in selecting. Ki for each orifice. 

It is gUestiouable that cavitation acts eXists in all 

the "der of cavitation occurrenoe" definition* given in Table 2 

of the paper. It is believed that the bubbles described for a 

cavitation maber of 2.5 are those formed by air being released from 

solution an the flow pastes into the low' pressures zone i=aedistely 

downstream frm the orifice rather then vapor cavities. Bubbles formed 

by ear coming out of solution and then moves in the eddy zozw dova» 

strew, as described in Table 2 for a cavitation water of 1.0. am 

not necessarily vapor cavities and cannot be considered definite proof 

that cavitati= is present. Air coming out of solution in sufficient 

quantity may influence the point of incipient cavitation and muffle the 

cre pitation. Similar tests in a wager tunnelp using de-aerated weter,, 

would: be of particular 'interest. 



it is of interest at this time va wint out eft tweause of 

sff ssi r*t on, Figure 5. Roveyorl, becsAwe of &hee inte.we noised td vibes 

ti= *cOowpo4Xjn& cavit&ti.etu j  it is Important to prevent CO-VitAtiOn by 

provioing sufficient back prel"ur*- -A-loo, it is imperative to consider 

the fact that vide fluctuations in pressure oc-cur in tie e y zone 

lately &wnstresw frcme the orifice at all T4aw when high-voloci.ty 

fig am being handled. Because of they critical f"tore involved it 

is eape41mat # wtse to make hydxaulic iAvestlepitions before designs 

e4uptoAng this prino plo am used, Xoro iaterostin& facts about >rlfiots 

vi11 no doubt be forthcomdog vhe a studio* are wee of the trwts sent 

pressures davustaroam. 

A point of Interest concerns me euroment )f head at err ure 

tape focat" metre" from orifices. Wide fluctuations in pressure 

aemko it i trativee to dbUi.n -A sufficient number of reading* to Obtaixa 

average values or use ale dsAp:4 in the pressure recd rdiuj4 units to 

:)Merin avorago va ues. rho coas3ate nat r of dat^ will depend on the care  

ee arciseed In girding the head, Itis factor no dot is they reason for 

the variable spraod in points on  the curves of the paper aW this 4iscussion. 

arranjewwat she en s e tic^D Y in Figs 5 has been  used 

to reduce the h#W frM 163 feet to 3d feet for a tromformer cool 

+pater system- (5) An installation,, usirk,  a needle value for a variable 

orifice, has been employed successfully In reducing a head of 6 feset 

same ea footnote (F)  

N 



to a5o  -freet ro supply and wi~taa use f an exi.sti xh pawner ioat aemiomi 

for tkae lower h+eaa .(6) ja boa of these cases it appears that than 

sajor portion of the ea orV in Ahigh-va;elociatj abet  4iscbargimg into 

saia4den ea;4AI~gewmt is di.sasip►ted in the first 5  to 6 diametero length 

of the enlar<;,  section. Was condition of cue is not trace if 4t 

amoral zoxw of cavitation Is ,perrAttod to occur iwsedluteiy downstream  

from the point of entry. Extrestely high heads my also alter this 

Observed ohaaaiect;orixtic. 

Soft work not yet published has been paeri`oxmd by Us Bureau 

of ftel4mation Nydrau is aboreatory on tbo back pressure necessary to 

went destructive cavitra<tion for valves discharging Into svWen 

enlargements of varims sifts. Briaef1j, the tests have shown that 

cavitation numbers, mad on the relationship given in Fide 3, m 

'ire as low as 0.20 without cauasi pitting of the vali.s of the $widta 

enlargooent vhe n #A deter arati op vas,l'fe to pipe, of x..75 or more is 

us . atlll o, the cam# ssion of as, very asuasi l amount of air near the 

dxvustroax ond of the valve will quiet cr+epitation seer. 

The standard hydraulic symbol* rl  and k, for discharge 

coefficient and cavitation nor, are used in the discussion. The 

us* of X for both, as in the paper, is sc what. confusing, 

"ftessure poducind Plant for a9►  water Power station," 
by X. Stlerlin. lachor Wysu Sevap Volum ~O, 1.9,5' , So. I. 
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Hi  = Pressure head at upstream flange tap in feet. Va=Average velocity through orifice in feat per second. 
H2= Pressure head at downstream flange tap in feet Ao=Areaa, of orifice in square feet. 

Hv=Vapor pressure of water in feet. Q =Rate of flow in cubic feet per second. 
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FIGURE I. VARIATION OF DISCHARGE COEFFICIENT C WITH CAVITATION NUMBER Kd 



r<-------------36.125--- ---~ 
L<------ 15.125'------y 

k- 3.00'L >I 2.220<- i 
0.125 "->>K- 

Sta. 0~ 
S 

Sta. ~; St a. 2 Sta.4~ ; Sta. 5 
4 

~ 
' -ta.3  

3.07~ DIA ,' — FLOW >-

E] 

' `Orifice ~ 

0.125~ % 3" Std. pipe-~ 
A5 3/32" Di a. holes  

0.01~-~ii< through pipe wall 
\ DIA. 

FIGURE 2. TEST FACILITIES FOR ORIFICES 
AND FLOW NOZZLE. 



1.16 

1.14 

1.12 

1.10 

1.0E 

1.0E 

1.04 

1.02 

I.0c 

.98 

U .96 

.94 

.92 

.9c 

.8E 

.86 

.84 

.82 

.8a 

.78 

.76 

io O 

13 - 4 

Kjb 

b 

~b 

~ 
0 

1 = 0.773 Hx-Hv Q 
K= 

HT_HX 
C= A 

2g Ha-H
x 

 

Ki= Cavitation index where cavitation becomes audible. 
Ho=Pressure head one diameter upstream. 

g 
' 

HT=Total upstream head (pressure plus velocity). 
Hv=Vapor pressure of water relative to atmosphere. 
Hx=Downstream pressure head at location noted 

below (feet of water). 
C= Coefficient of discharge. 
Ao=Area of orifice in square feet. 
a - K and C based on heads one pipe diameter upstream 

and 11.7 pipe diameters downstream from orifice. 
o -K and C based on heads one pipe diameter upstream 

and 4.9 pipe diameters downstream from orifice. 
a - K and C based on heads one pipe diameter upstream 

and 0.7 pipe diameter downstream from orifice. 
• - K and C based on heads one pipe diameter upstream 

from orifice and at downstream flange. 
b -Cavitation not audible 
4-Cavitation audibility questionable. Ki 
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FIGURE 3. VARIATION OF DISCHARGE COEFFICIENT C WITH CAVITATION 
NUMBER K FOR ORIFICES 11/4; 13/4- AND 23/8-  INCHES IN DIAMETER 
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Table 1 Dimensions of specimen pipe and orifice plates 

Pipe diameter Orifice diameter Diameter ratio 
-D, mm d, mm (3 = d/D 

23.33 0.224" 
104.10 46.69 0.448 

51.94 0.499 
61.73 0.593 

23.33 0.222 
105.26 46.69 0.444 

66.60 0,633" 

" The orifice diameters were selected for even values of m, (d /D) Z. 

S„Bmm 
S2 ,Imm 
6 , 45- 

Fig. 1 Orifice plate and pressure taps 

0.8 mm thick, were employed 25 diameters upstream from the 
orifice to produce desirable metering conditions. The distance 
PS was varied to produce the required total straight run of pipe 
for the different-diam-ratio orifice plates, in accordance with the 
following tabulation: 

PO = 30 D for 0 <— 0.499 

PO = 39 D for a ~ 0.593 

The orifice plates were made of bronze with a 15-cm length of 
clear plastic immediately following the orifice flange for purposes 
of observation. The water was pumped by means of centrifugal 
pump C through the flow section to a tank containing a right-
angled triangular notch weir T suitable for flow measurement. 
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M. YAMABE 
The object of this paper is to investigate the effects of cavitation on the discharge co- 
efficient of sharp-edged orifice plates with reference to various degrees of cavitation as 

Assistant, Department of Mechanical 
Engineering, Faculty of Engineering, 

defined by a cavitation number. The experimental data described in this paper sub- 
stantiate the fact that cavitation can exist to a minimum cavitation number of 0.2 

Tohoku University without introducing errors in the orifice discharge coefficient in excess of the normal 
expected accuracy. In addition to this, it was found that the use of air-inhalation to 

R. OBA suppress the vibration and noise from the cavitation had no effect on the discharge 

Graduate Student, 
coefficient. 

Tohoku University 

Introduction 

WHILE IT is desirable to use sharp-edged orifice 
plates for water flow measurement, there has been some concern 
in the use of this device where cavitation is present, particularly 
in regard to small size pipes with relatively high velocities. While 
J. F. Bailey [1]2 and G. Ruppel [2] have made investigations re-
garding cavitation, the former experimenting with high water 
temperatures of 196.9 F and 209.1 F and the latter experimenting 
in large Reynolds number ranges, neither of these papers dealt 
directly with the cavitation effects on the discharge coefficient of 
the sharp-edged orifice plate. To this date, no literature nor papers 
dealing directly with the stated problem have been known to us. 

It is the intent of this paper, therefore, to investigate and 
clarify the effect of cavitation occurrence on the discharge co-
efficient of sharp-edged orifice plates and to set allowable limits 
for cavitation in order to remain within acceptable flow measure-
ment standards. The experiment described in this paper covered 
the range of cavitation numbers Kd  down to 0.2, showing that 
no significant errors in flow measurement exist over this range of 
cavitation occurrence in the orifice sizes tested. It was also 
shown that air inhalation, used to suppress the vibration and 
noise due to cavitation, does not show a significant effect on the 
orifice discharge coefficient. 

Orifice and Orifice Piping 

The orifice flange used in the experiment employed corner taps 
conforming to the. Japanese Engineering Standard [3] shown in 
Fig. 1. The dimensions of the JES flange and orifice assembly 
are quite similar to those used by the ASME [4] and VDI [5]. 
Five different-diameter orifice plates were used in this experiment, 
as tabulated in Table 1. 

The flange and orifice were installed in the piping arrangement, 
as shown in Fig. 2. Straightening vanes of 12 mm square lattice, 

I English translation edited by D. M. Stough, Senior Meter Engi-
neer, Hagan Chemicals & Controls, Inc., Pittsburgh, Pa. 

I Numbers in brackets designate References at end of paper;  
Contributed by the Research Committee on Fluid Meters for 

presentation at the Annual fleeting, New York, N. Y., November 
30-December 5, 1958, of THE AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS. 
NOTE: Statements and opinions advanced in papers are to be 

understood as individual expressions of their authors and not those of 
the Society. Manuscript received at ASIIE,Headquarters, March 8, 

` 1957. Paper No. 58—A-93. 

Discussion on this paper will be accepted at ASME Headquarters until January 10, 1959 
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Fig. 2 Experimental installation 

Method of Test 
A U-tube mercury manometer was used to measure the pressure 

difference across the orifice plates at taps m, and m2, with a 
measurement of static pressure at tap m2. It was found' neces-
sary to frequently vent the air accumulated in the piping by 
means of vent cocks located at taps a, and a2. The rate of flow 
through the orifice plates was measured by means of the right-
angled triangular notch T, which had been previously cali-
brated by means of a volume tank at the Institute of High Speed 
Mechanics of T6hoku University. The rate of flow and static 
pressure were regulated by means of valves v,, v2, and v3. 

The formation and size of the cavitation were observed and  

photographed throughout the experiment by means of the plastic 
section immediately following the orifice flange. These photo-
graphs are shown in Fig. 3 for various values of Kd  [6], taken at a 
flash duration of 1/100,000 sec. The photographs show the 
cavitation occurrence much clearer than the naked eye. 

The discharge coefficient K, the cavitation number Kd, and the 
pipe Reynolds number RD  were calculated from the following 
formulas: 

K= R 
rd' 2p 
4 ~— (P, — Pa) 

y 

Fig. 3(a) Flash duration 1/100,000 sec; f,,, = 21.6 C; = 0.444; Fig. 3(b) Flash duration 1/100,000 sec; t,,, = 21.6 C; j3 = 0.444; 
K,1 = 1.50 K,i = 1.10 

Fig. 3 Moment photographs of appearance of cavitation occurrence 

2 Transactions of the ASME 



Fig. 3(d) Flash duration 1/100,000 sec; t„, = 21.6 C; /3 = 0.444; 
K,I = 0.70 

where 

Q = flow rate through pipe, ft' per sec 
d = orifice diameter, ft 
g = acceleration due to gravity, ft per sect 

' P, = static pressure at upstream tap, ft 
P2  = static pressure at downstream tap, ft 
y = specific gravity of water, dimensionless 

K — 2g(P2  — Pd ) K, 
V 2 

0 

where 

Pd  = vapor pressure of water, ft 
Vo  = average velocity through orifice, ft per sec 

VD  RD  = 
Y 

where 

V = average velocity through pipe, ft per sec 
D = inside pipe diameter, ft 
P = kinematic viscosity of water, ft2  per sec 

The point I shown in Fig. 2, located 14 em downstream from 
the orifice plate, is a 6-mm-diam hole drilled in the pipe to permit 
air inhalation. This hole was used during certain portions of the 
experiment to suppress vibration and noise due to excessive cavi-
tation, and will be discussed later. 

( l Fig. 3(c) Flash duration 1/100,000 sec; t = 21.6 C; 0 = 0.444; Fig. 3(e) Flash duration 1/100,000 sec, t,,, = 21.6 C; 0 = 0.444; v Kd = 0.90 Kd — 0.30 
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Fig. 4 Relation between incipient cavitation number K,r, and downstream pressure P, 

Manner of Cavitation Occurrence 

The relation between the incipient cavitation number Kdi, de-
fined as the state of flow at which small bubbles of cavitation are 
seen only intermittently, and the absolute static pressure P2 at 
the downstream pressure tap m2 is illustrated in Fig. 4. As shown 
in Fig. 4, the incipient cavitation number is approximately 2.5 
irrespective of the orifice diameter ratio, ,B. 

The symbol tw  is the water temperature, a is the absolute air 
content of the water, and a, is the saturation air content of the 
water. It should be noted that the ratio of a/a, is normally very 
close to one, and that changes in this ratio affect only slightly the 
incipient cavitation number and have no particular effect' on 
cavitation numbers under the incipient cavitation number. 

As a matter of convenience the observed conditions of cavita-
tion with respect to cavitation number have been tabulated in 
Table 2. 

Table 2 Manner of cavitation occurrence 

Cavitation 
number Kd Manner of cavitation occurrence 

2.5 Small cavitation bubbles are seen by the 
unaided eyes intermittently 

1.0 Small bubbles float in the dead space 
0.0 Cavitation occurs from the orifice edge; 

somewhat unstable flow; large noise 
0.25 The pipe is almost filled with cavitation 

bubbles; very unstable flow; large noise 

Variation of Discharge Coefficient With Changing Values of 
Cavitation Number 

A study of the orifice discharge coefficient l was made with 
respect to different values of cavitation number for four different-
diameter-ratio orifice plates. This study is shown in Fig. 5. It 
can be seen clearly in Fig. 5 that no change in the discharge co-
efficient was apparent between the noncavitating and cavitating 
How condition down to a cavitation number of 0.2. Below line L 
the noise and vibration from the cavitation became quite ap-
parent.' 

Variation of Discharge Coefficient With Changing Values of 
Reynolds Number 

The orifice discharge coefficients K are plotted against pipe 
Reynolds number RD  for various orifice-diameter ratios as shown 
in Fig. 6. 

It is clear from this figure that the variations of the discharge 
coefficients with changing values of Reynolds number are smaller 
than the allowable tolerance of the standards in this experiment. 

Table 3 Comparison between standard and experimental values of 
discharge coefficient K 

Diameter Discharge coefficient K----. 
ratio Standard Experimental 
= d/D value value 
0.224 0.598 0.598 4- 0.002 
0.448 0.615 0.615 f 0.003 
0.499 0.623 0.623 f 0.003 
0.593 0.647 0.650 f 0.003 
0.222 
0.444 
0.633 

When the cavitation occurs, even violently (Kd  = 0.2), the 
dispersion of the experimental values obtained is less than 
4-0.5 per cent. Therefore the variation of the discharge co-
efficient is smaller than the allowable tolerances stipulated by the 
following standards: 

Diameter Allowable O 
Standard ratio; tolerance Type 
JES 0.224 t0.5 per cent Corner taps 

0.835 f 1.0 per cent 
ASME 0.15 __<— ,e < 0.70 4-0.5 per cent Corner taps 
DIN 0.224 < 0 < 0.59 4-0.5 per cent Corner taps 

0.835 4-1..0 per cent 

Table 3 shows a tabulation of the discharge coefficients ob-
tained experimentally for the various diameter-ratio orifice plates 
tested. This table also lists the DIN standard coefficients for the 
same diameter-ratio orifice plates. It will be noted that the dis-
charge coefficient for the 0.593-diameter-ratio orifice plate is ap-
proximately 0.4 per cent higher than the standard value, which 
is attributed to a formation of rust in the upstream orifice piping, 
appearing before this orifice was tested. Table 3 substantiates 
that the test data for the various orifice plates agree with the 
standard DIN data within the allowable tolerance of f0.5 per 
cent. 

Counter Measure for Vibration and Noise 

The objectionable noise and vibration noted in the lower cavi-
tation number regions in Fig. 5 and tabulated in Table 4 can be 
reduced or eliminated by the use of air-inhalation. In this ex-
periment a quantity of air was allowed to enter the piping at a 
point 14 cm downstream from the orifice plate through a 6-mm-
diam hole. 

Fig. 7 shows the effect of different air-inhalation coefficients on 
the discharge coefficients of various diameter-ratio orifice plates. 
The air-inhalation coefficient, q/Q, is the ratio of inhaled air 
volume at the downstream tap conditions to the flowing volume. l 
Fig. 7 shows that the discharge coefficients for the lower diameter J 
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ratio orifice plates, namely, for a equals 0.222 and # equals 
0.444, remain within the allowable tolerance of t0.5 per cent with 
an air-inhalation coefficient as great as 0.25, while the air-inhala-
tion coefficient for the higher diameter-ratio orifice plate, namely, 
0.633, must not be greater than 0.08 to maintain the allowable 
tolerance for the discharge coefficient. 

Fig. 8 shows the relationship between the minimum air-inhala-
tion coefficient and cavitation number for various diameter ratio 
orifice plates to produce optimum noise and vibration suppression. 
It may be noted that the minimum air-inhalation coefficient re-
quired to suppress the vibration and noise increases with a de-
sumcrease in cavitation number. 

Conclusion 

The results obtained concerning the effects of cavitation on the 
discharge coefficients of standard sharp-edged orifice plates are 
summarized as follows: 

1 The discharge coefficient K is not influenced beyond the 
standard allowable tolerances to a minimum cavitation number 
Kd  of 0.2. 

2 The incipient cavitation number is approximately- 2.5 and 
is independent of the orifice-diameter ratio in the range of the 
test orifices, the experimental velocity, and the static pressure. 

3 The method of air-inhalation may be employed to suppress 
the vibration and noise due to cavitation without influencing the 
orifice-discharge coefficient beyond the allowable tolerance of 
t0.5 per cent. 
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