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Experimental Study on the Discharge Coefficients and
Cavitation of Conical Orifices

Byeong-Chan Kim, Byung-Ok Yoon, Bock-Choon Pak, Nam-Ho Cho,
Bag-Soon Chung and Kyung-Am Park

Key Words : Conical Orifice (4538 <32]3]~), Discharge Coefficients (24 <) Cavitation
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Abstract

The high pressure drop is frequently required in the by-pass line of the pump or of the heat
exchanger in power plants. However, cavitation produced by a high pressure drop could damage
the pipe and pump blades. Conical orifices are adopted to reduce cavitation due to high pressure
drop. The discharge coefficients of conical orifice plates were measured by weighing method in
the standard water flow system. The discharge coefficients were larger when the ratios of
thickness of orifice edge to throat diameter were larger. The noise generated from a conical
orifice due to cavitation was measured with a sound level meter and a hydrophone. With increas-
ing the bore diameter of the orifice, the sound pressure level or the noise level due to cavitation
became higher. The noise level was suddenly increased at the inception of cavitation.
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Fig. 3 Conical orifice of d/D=0.3
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Table 1 Size of flat and conical orifices

Beta| Diameter of | Diameter of | Number of
ratio| major holes | single hole | major holes
(mm) (mm) (n)

0.1 10.2 - 1

0.1 4.56 3.23 5

0.1 3.61 3.23 8

0.1 3.08 3.23 11

0.2 20.3 - 1

0.2 9.08 6.42 5

0.2 7.18 6.42 8

0.2 6.12 6.42 11

0.34 33.6 - 1

0.34 15.03 10.63 5

0.34 11.88 10.63

0.34J 10.13 10.63 11
AE 0.1% ol % wIAL Und ddens
e Aom %Y eelvs P wdd X
e +0.1%, zm} FH2AE +£0.2% ool
o ol% eAzYE AN 42E ee)vse
EFAF 23 +0.25% oo},

bz Woldl 71 LE fetez Asiglen 7
27 A o WAlskes Sube 3 W(F) J B
Hholl A A-F& EAsto] selelo| A A& oh-gat

A L B L Ll o o
—i4 -
] ’—_‘T
= 4
3
w0
(-
N (-
w
S ~ ™~
K g
Gl N
s| @ 90.0-4——
A, o
w
~

7ho] ZkA] 3hgh ek,
A%Y 2eins el & 27150 AR %
el 7127} $309 W SAHE S34E S50}

olzZ ZIAE A5 ZE7|(charge amplifier) &

ZE3le] AA)7} F.F.T. 347} (spectrum anal-
vzer)& %8ty $3bE BAMsIAch "z A4
A 4% wlia FEEAA WA 459 F

st AEE 45Y 289 A 50 mm ol -Fwt
ol & AA|slod Art,

Avleo] Aol ofqk B ol Holie] £
47 el 12002200 X 1200 mm A A}7H3 o)
TFAE Ao, YFY oAl HYF
ool 4= o 2 900 mm Wl A oA (YA F
oA ARG ARD) mpo]lZ g AAsle] 459
718

4

[

T+ TrEATE eSS

l Fig. 4 o]c}t, #rdo] & Aal(n
b eelolz HolHR A3y oo
Vl%v‘sﬁ AdE et FACAA A
FZAFoleigt Stoltz A)
EARE A2 Fe] ok 0.6

(n=1) FZA T+ deols=

0.121 7+ EREER
[o]

of



A%y 2e)9 29
7} 5000 o] AellA= ok 0.672 TAHA A A8}
£ gE 10% o4 2o oA
A, THar], Zur] dxe] o g 7]

.
o &
a®,

=n
]

[«

ﬂﬂ—ao@ 2
ek olAe el Ao gh £l
o, Aulsoldol 73}
esjesh Fojo] 5, 8742 4

£ dojn FHo] 114

#2747k ol

=AY

ot
N
£
M

o 2
Y,
m}i o

£
ol
e,

az
R A

e 2 e X o X ol
o L M ¢
e &
>
e
Ho
]
Y
N
;

‘.N el oM.
ox Jo o @
=2

rlo
o
{e3

28] A dlolel& Fig. 58 Zd},
A A A ABE a
Axd 2elgse] Frle] 570 74
ok 0.64, 4] 8/1¢l A% 0.68,
7% 0.65 ok, F9e] 84l 7

A47F Fde] 11708l 2t ZA T

o,
N

ol
.
j:_\’ -

b o) o
oo T
L
rlr

o i fo B
L
2o %
Y
—
5
=
r_‘l

1.0000

e n=1 (flat)
®n=5
0.9000 A n=8
x =11 x x x  x x  x
—180
0.8000 x . . s a4 & 8 &
a
"
8 N a . a =
s .
0.7002 = L4 d 4
e o o o o .« o []
.
0.6000 .
[}
0,5000
0 5000 10000 15000 20000
Re

Fig. 4 Discharge coefficients of conical and flat
orifices (8=0.1)

1
* n=1 (flat)
0.9 s n=5
4 Nn=8
*x n=11
08 —180
hed
o
07 N s a a a N . -g a
s
b )(- .X X. x - x . )(- )‘ - >
x
0.6 L D R A A e
L4
0.5
0 20000 40000 60000 80000
Re

Fig. 5 Discharge coefficients of conical and flat
orifices (£=0.2)

FEA T} Avlelol dell e APH AT 1375
el zhe d FEATE AAE AFojeh Tl

eel9s el 58700 Aol AulEle]de] Al ol
g A °%74]-r7} ol x| 2uk zqlu] 0.1 A-FRoe

FEAF Aol Ao

2ul7k 0.3¢49 = dlo|E Fig 67 2o
3k 2.2]9 0] dlelel FAA A AAR Hlo|
Bob wlsdteh, 45Y 2eldac FG 2ds
o FEA g Zelsk aA gow Frjo] 1148l
7¢ue Fuiol 84l Ao FEASE 4 2
o, 7 Arje |4 2dvish 0.29 Aes W
~bstet,

22|92 FAol A HA v A

49 BAE Fig. 4,5 62 2 AT FolA d& 4]
3 dlolel & (3 A7 150, 200 mm, 2.2 ¥ A% F
Al 4,5.5,7mm) EFsted EA]q Ae] Fig. 70|

il

O

o}, Fig. 78] §&A5E dlels= o H3brt &
EA G vl AT deo] AL 99 °l A Freleh
T2 A7de]l 15mmug 2" FEAFE t/de
ol @S AL WA o :v’“é Z74e] 10

mm o] skl Aol t/de} u7h FEAFe) Bl
= o] g 2k FEALE t/ds 4= ¥

0.9

0.8

Cd

0.7

0.6 | g e E S e Kb

0.5

0 50000 100000 150000 200000
Re

Fig. 6 Discharge coefficients of conical and flat
orifices (8=0.34)

1.0

od> 18 mm
09 | » 1S mm>d>10mm

ad<10mm

A
08
a
3 .,

o7 | B

-.A A.

o -lo

0sl oo o & "8
0.5 S L

0.0 0.5 1.0 1.5
tid

Fig. 7 Relation between Cd and t/d



1376 71l % - g8 . Akl

£

Asles o] B deo|E st A Folof s},
zdulzk 0.1 ¢ £ (dBA) & dolE=4
9] st A& 7o) Fig. 8o|c}. FHe] 174l

90
80 f  en=1 (an S

an=5 "

as x
70 an=8 x
60 xn =11 o .
x
.
50 .,o)(,_‘u!,x‘x
3 e de %u 2 "s a %
40
30
20
10
a
o 5000 10000 15000 20000 25000

Re
Fig. 8 Noise level of conical and flat orifices (8=

900
= flat
80.0 oy {tat Lx ot
n=5 .
70.0 an=8 . .
xn=11 %
60.0 | « x X
P T
50.0 IS
« o .
%400 oxa .x..,,(-,-"'A .
30.0
20.0
10,0
00
0 10000 20000 30000 40000 50000 60000 70000 80000

Re
Fig. 9 Noise level of conical and flat orifices (8=
0.2)

A Marker X:

34.8168 kHz

w e Aulg - g - o)

Ak 289 a0 A$ 4L 4494 84 dBAZA
W alsla alolE 247} 15, 000 FTolA 450 &
A Zrlach, FHe] 84 7 11708 AFEY 29
29 7g £8L 44004 74 dBA 7= H3 L
2y 2ol wie] e £8%E Zhu wstsigla @
o] =4 17,000 F 20,000 HelA FAHIL 4259
Zrig, Fe] o (9 7t Frhek) A
we o] Mo] A3l dlo]EafE Frhghet
ZQH|7F 0.29 we &% dele Fig 9o
%Ué 37191 °é ko] z9lu] 0.12 A-$xc) =Hx|at
dojrpe Ao T 3

90.0
*
800 + en=1 (flat)
an=5 ¢, wix
70.0 an=8 o atx
§0.0 xn =11
] -x'=”
o 500 o Be¥ a8
k< a & RS PR Pad
40.0 Bax Ha X B o™ Mo
30.0
20.0
10.0
0.0
0 50000 100000 150000 200000

Fig. 10 Noise level of conizeal and flat orifices (8=
0.34)

Meas

Y -65.779 dBvVrms

aBvrms

LogMag
10
aB

/div

[ i

I i f

A

—-B80

ML

AT

Start O Hz
S Spectrum Chan 1

Stop: 102.4 kHz

Fig. 11 Hydrophone spectrum from conical orifice (=0.34, n=8, Re=18, 000, no cavitation)



9l 2 F fe)
Y -

E Hu 2g9se g vdl o B Holwg2
Foll 4] o] o]y, F A5y ezl A
ulefo] A Aol x[adsich,

Fig. 1114 Fig. 1472 2Qwlst 0.340]32 T
o] 87l A FF vholZelA FAG AEE

FREE RUN

A Marker X

slxe] REA G Mulseldol A AdH AT

72.448 kKHz

1377

Zat4 248 Aseld Fig 11& Ha 58
#o]E =% 18, 000014 Fab ¥4 7] 9] (spectrum
analyser) A3 2 A|x®3 Aw]o] £gog A7t
el olu 4 utelld £&72 EAHY LFHEL
43 dBAo] v}, Fig. 122 ulejolde] WAy &

Meas

Y -62 .6 dBVrms

aBvVrms

LogMag
10
aB

/div

I

nAnﬂ

—80

TR

[}

Start: O Hz
S Spectrum Chan 1

Stop: 102.4 kHz

Fig. 12 Hydrophone spectrum from conical orifice (§=1.34, n=8, Re=50, 000, before cavitation)

Meas
A Marker X 12 . 544 kKHz Y ~-29.857 dBvrms
o 1
aBvrms
LogMag
10
dB

i

AR i

L

==

A

—=_

-80

™

TG

Start: Qo Hz
S Spectrum Chan 1

Stop: 102.4 kHz

Fig. 13 Hydrophone spectrum from conical orifice (§=0.34, n=8, Re=100, 000, cavitation inception)



Wode ftoffr

1378 R

A Marker X: S.728 kKHz

o Z&‘BH—:E- H-“'%]O\:

Meas

-20 .035 dBvVvrms

dBvVrms

/div

N
|

1,

M

L)

A ]

Start: O Hz
S Spectrum Chan 1

Stop: 102.4 kHz

Fig. 14 Hydrophone spectrum from conical orifice (§=0.34, n=8, Re=180, 000, strong cavitation)

dlolE= 4 50,0008 Az £5 Fog A
(frequency spectrum) 7} Fig. 113 w]s=dled 4
# w2 49 dBAo|t}. Fig. 113 Fig. 127} v %3
L FEol9d 459 o] Aule £Fel ¥
shod 22 A o

Auleloldo] A5 #lelEz4 100,000 3 ol

At Fig 135 o] 12.5kHz ¥4 £ A
27} Jehdth S5E0l Fohad (A9 AY #%F

70 m¥/h) Fig 149} 7o) 9.7 kHz ¥29] va
23hek 10 kHz o o] Al dA" oz 714
ek Friel 172l HaEk ez A= Al
olde] AlZsbulA £7F 11.52 kHz H-ZollA ol
& A7 dehdeh FEEe] Fobskd 52
17]' ‘4"3} v Fagrt FofAm A LFe] AA

Z wlolaE ALg3 Aol A3} Auleld
a“ﬁ"ﬂ oW Alae ity Fr oA Fobg
W glal 20 kHz oo welola gy, Fsp4
Azold A== Aulelo]lde] AAste #Holw

ﬁ.ﬂw

249} A2 A2 7R3 Aujele) Al AL A

shel F3b4 Azold At oB% Ee Agelt

£SAZ R £9E A 2ch

S Ho Fo
o 8

_—"
of

A R ¥

14 oF 10 % 5-74‘“} 7‘°u“ﬂ17} 0.2,

e f2A%7} o 0.6 ol

&%M?} 0.1 = &A% .87

Aujzb 0.349 o FEAGE o

2 (7% 117H) °lv1 Trde] zokAlw fEAS
ﬂ AE 7] gem F7 27]7F 10 mm o] 3}

&k Py vzt 29 fEATE AR ol
9 A7) o Badteh

(3 Avlelold WAl HE +% vho]2E A
g A% HItE F2 o Fakg " al 20
kHz o] W] WeloA st 45 nfe]lzz 7
AR e Ao L2 2R % FAnlEol

QA e, 2QulAh e A gl (29
23 oelm2ol AulElold WAL F



U2y 2e19 18 F2ASe Aneeldol BT AYH A7

UulE 2E B eellag Ao vl

AnEs

(1) Korea Electric Power Corporation, 1988, Pro-
curement Specification ;| Flow Restriction Ele-
ments and Venturis, Younggwang 3&4.

(2) Simpson, H. R., 1986, “Cavitation problems
in Shipboard Seawater Cooling Systems,”
Cavitation and Multiphase Flow Forum, FED
-Vol. 35, pp. 54~57.

(3) Kamiyama S. and Yamasaki, T., 1986, “Criti-
cal Condition of Cavitation Occurance in Vari-
ous Liquids,” Journal of Fluids Ewngineering,
Vol. 103, pp. 428~ 432.

(4) Ramamurthy, A. S., Bhaskaran, P. 1979,
“Velocity Exponent for Erosion and Noise Due
to Cavitaton,” Journal of Fluids Engineering,

1379

Vol. 101, pp 69~75.

(5) Oba, R, Ikohagi, T. and Kim, K. T., 1982,
“Cavitation in an Extremely Limited Flow
Through Very Small Orifices,” Journal of Fluids
Engineering, Vol. 104, pp. 94~98.

(6) Adachi, Y., Soyama, H., Yamauchi, Y., Sato,
K., Ikohagi, T. and Oba, R. , 1994, “Cavitation
Noise Characteristics Around High-Speed Sub-
merged Water Jets,” Transactions of Japanese
Society of Mechanical Engineers (B), Vol. 60,
No. 571, pp. 730~735.

(1) KSA 0612, 1992, 2% 7]ol o3 fe =3
-

(8) IS0 5167, 1991, Measurement of Fluid Flow
by Means of Pressure Differential Devices.

(9) AGA Report No. 3, 1991, Orifice Metering of
Natural Gas and Other Related-Hydrocarbon
Fluids.



