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Abstract In this paper, the structure-fluid coupled analysis is carried out in order to examine the cause of the
vibration induced by fluid in the pressure-reducing valves for water. It is confirmed that there is the noise at
the area of low frequency of 250Hz by measuring noise at pressure reducing valve. The flow analysis is
performed by the commercial software ANSYS/CFX. The flow velocity of about 40 m/s is formed by nozzle
effect, and so negative pressure is happened in the pressure reducing valve. The structure analysis is carried out
with the load condition of pressure distribution by flow formed in valve. The rubber material at disk is
deformed to the extent of closing up flow passage. It is confirmed that the disc deformation which is occurred
repeatedly is due to noise and vibration at the pressure reducing valve.
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[Fig. 1] The working principle of pressure reducing valves
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[Fig. 3] Results of noise measurements of piping system
including the PRV in a apartment.

% 39 @) 3AE9

20l WHo 489
£ EAG Zolth 1o

Ehd viel o] wigt

=4 2

o W

T

o] 50 ogh 48 FQ] 2.000Hz0l A oF 46dB(A)
HEo] 288 el Ui golelqis 1 ofsho)

al
Soro] BESH A2 Bl & 4 olek. Tt 1Y 3]
o =

(b)) 2ol wjEA|S] T} 48 BAE AIE obnte A

4373

2% 23 9
o] At G4l S0dB(A) o4
she1g 4 gick olefat
R LR RE
Tz BAZE EE o]

dhellA] 222
o] obl 250Hz
of gefol EAfsta
HePuolA Ay
o 4% wsie} gepEn

248 Anolds g

Fert st o, fA19 e Aol ¥ FiE
o 28a} gamrtes T oW 24,
Aol el fanz T oHECEINE)R 74
sto] gk atof o] 85fo] HEsAlS S35tglrt. &
Aol ARS8 AT E o]l ANSYS workbenchS A&}

e,

A et Auke & 1o Lrehigich HARES
QL EA, 28, 29 Jo|E0] HEW DRUESE B
nZw} ooy Bashs Ao et gick et
ELER EEESEREEEE RS RELE R b
oM 2% Wuol 2ow 2T We Fulg el
A% BES AT g e & 4 ek

[Z 1] AgEE 249F9 L/1lss
[Table 1] Natural frequencies of the components of the
PRV.

Result
Mode Frequency
1 4726
5696
5868
1844
1845
4367
3792
3812
7218
3.13
344
349
428
448
451

Part

Material

Body Brass

Stem C3604 BE

ACETAL
COPOLYMER

Stem Guide

Assembly 1 -

Assembly 2 -

W N[ =[N =W || W




il Edtel=g Al A3d A|10E, 2012

e ne) gAxNN $A0) S50l ofet Wy
e ‘ﬁ—‘ 3o —4?5]1 WE BE 7heiAl= & AL
lof ge] MRS ool 487 UET
*E.F]Eﬂ -,4]0]-0:] 27 = 0] ANSYSARY] CFXZ o]
stel 4% SAe Sasa
Yot S AARAE =g AhEE] Y F
2 2z SASH S kel 182 QREI(P)e
Tkglem?®, 2242 §HE(Py)= 2.5kg/em’ 2 3¢t F2o]X
U Sl 13 getel At ISl ol o
AsHA] g FYell e 25 dlle =2 8%
o, = HHo|= H2ZA(no-slip)}, HAXAS &
gatdon, 504 B4 FUUE Eow fEER
of Gl i E A (symmety) & FUk. FRELL kec
walg ALGATH10]. 135 e} 2245 Qe Aolo]
fAe] 5ol W] SAaIAE AEst Oaz Alole]
2130] ZAjalolobt Ttk AhHE alr] 9Istol A=
9} oz Afolo] 7S 03mmE 71 SHTH

2 AFtolAs I8 49 ()ALt Zol AL
T2 SeAe) e fl8) S0 WAL
PEREL BE RERE T I
FAuol AL Fol AXS o
AAsET 18 49 by $% o
7 2d 44 9 shadiel By
8 §ERAL] AR AR ek
Tetra/Prism AALE FLAISIG o, & Axpl % 1209
Aol

ol

obo o

N

o B

]_

;

10 _lZ: et
o ‘1)‘
iz
0 HJo
ki
=T
I @i
o ot
o

;.:m
Hn\i
>§Oo
i)

o)
ﬁ B
fr 2 0ot

N
P‘L
N
f
:cg

]

(@ A =4

YN
MA‘AA‘A"%X#E{(}
SRR

(b) 2% =l

[O8 4] {5 a4 AMgd AAzAR A7nd
[Fig. 4] Boundary conditions and the meshed model

Arlglol e A3k S145k7] 18l cavitation
model 2 465 }oqok SHAIRE, ATl A AulEle] 4
o P43} B e WFHQ A} opmg w3}
e o] §sto] HAlstit Be) ZjQIeS 3547Paz
shcH10]

T sk WE o] gAle) SEet eHug et
W Aok BARH Aaf, AlES} tam Aolo] GAE 7t
Sof AFe] FAR FY W AF =F AR 3}
of 2k Abolol FAE ol Hol oF 40 miso] §
A &7k GAEE, T 0190 AL Smis] &
2 ek glek 17 59 (b ZehiE e g
Uk Aotk AlESE t2a Alelo] FAH H2E A
UhRiAl #5H grelo] WolA of 1.0 bare] Hgro] W
AsHe A BRI 4 gk oleh o] AlEg} tlaa
Afele] ol WAE of e mypAe] Taze]
MYS AV WoR A8E 4 ook woEc,

(b) pressure result

(32 5] 7RF W U] % el Y
[Fig. 5] the result of the flow velocity and the pressure for
the inside of the PRV. (0.3mm gap)

62 A|EQ} T]AT Afolo]| PAE]=
AP RN
2 F 4ol afgEs nET &7 o
A= FPA= OF 0.1barZ LEREL Sk £9

of ojal] WAl o] QrEAH e AHg
A& AYZoR Wolui= Floz 2Hgati, Zhehu
o EA44 gele] Ho] ol ol Aol Ahe)

=0l st

LJLLI

Tl
A

s}
lz K 3}:3 rlr l.u rr

4374



off
u

9 ZhohH ol o] 9-A-gukAlEo] et oI

(32 6] Az A% Eelxol ohel Hx
[Fig. 6] The pressure result in the upper surface of the
disk

(3 71 9% W el 25 A8

[Fig. 7] The flow pattern of the pressure reducing valves

2% 78 A9 M YR £ S vehd Aol
ok AlEQ} T Alolo] FAE 1 RS Aelsta
& FEs 4o wster fA7F fAZE AAEE HE
T4 o4 Fado] WANEA ke Ao Ut 9l
ok whehd] gl e AlEs} tag Aoo] 2 e
7t BAE AN Fa °4°1ah A9t

WH T Ao QYR W
3l Wetnz WH Fwe] §% EAS
ol A7} Basith webd 45 sj4e] s /AT
t23g8 P24 stol mfu Y Pejs BAaks
=3

Haae] P Sjstel da gl PR

sl 2D FYjgow muw stk oF A $uF £5
a4 ARE vheko g ¥ 83 o] 8l 2L Hols)
Atk EV\—:H ko] *mgb BB 05 200,000Pa2)
qeo] ZHgats Ao ST, taael ¢ HRcE
546,540Pa2] ot}edo] g3l Aow gy 18 &
0] g shz HEE 9o H4 Aakg dsta
=3

[3 8] = 4L 9% sks =4
[Fig. 8] Load conditions for the structural analysis

F: Static Structaral
Totul Defomaton
Type: Total Defamrasion
Unit: m

Time: 1

(38 01 7 a4 2%
[Fig. 9] The result of the structural analysis.

ag xR Aag 19 9] Yehelch o]
Ueht wle} o] tAaze} AE Ajole] fmolxe] uh
2 g0 ols) WASHE Hoto] AAE NE Zow
Aot g7 1 o) Aol Wige] WISk o

2 et glon, o] Wae) Ak §2E g2 7t
291 03mmE Wol4l gro vehta glol, 32t o

W wgfo] o 0l wish} 28 A 4 ol
25t 3l A8tk ARS Atk tiame] Wale
YAHOoR f28 uA 1, §27t AN Hoz oA
Syl gAe] fo] Wolx|x, Tade] AL Kkl

Sael WRHYY Pae 9 9% Hel g2} of
Al e Hlek ool URio] AHgL WA o W
sle] 227 A%Fo] HUHE Ro woh

4375



garakely| skl A 4137 A|10E, 2012

>~

Q1 BAskAL, hlne] fEsNT T2

shgom, 1 At ohgat 2t

1) AES} o2 Atolo] B4 7094 arel gz

o i ol oF 40 mis9] A £}

ZE A Fof oF -1.0 bar2] ‘:’OPO] Eligiieiu=

2) fz9] sl 0.1baro] g }o|7} Y, o
239} AJE AJoo] GRA O] WE o] of8)

HPASHE Hofo] TATE AJE B0 R ol
o] HyS gty on], 1 F7|= 0.3mmo|
Aol 7 derick

3) tAazo] MYe 7ghHe] FaAb ukE o vt
AJSF f=dlof| glom, o3t HFEA Q] A
Pol 283 AFo] fkEE Ao

References

[1] S. W. Park, “Water Pressure Reducing Valve - Structure
and Characteristic of Application”, Magazine of the

Society of Air-Conditioning and  Refrigerating
Engineering of Korea, Vol. 24, No. 5, pp.530-538, Oct.,
1995.

[2] K. Ch. An, “Principle of pressure reducing in cold water
piping system”, opinion article in the academic lectures
of the Society of Air-Conditioning and Refrigerating
Engineering of Korea, pp.1-6, May, 2001.

[3] H. Y. Kim, “The characteristic applications of water
pressure reducing valves”, opinion article in the
academic lectures of the Society of Air-Conditioning
and Refrigerating Engineering of Korea, pp.53-67, May,
2001.

[4] K.U. Yang and I. Y. Lee, "A modeling of Proportional
Control Valve and its Control", J. of the Korea Society
For Power System Engineering, Vol. 6, No. 3, pp.
71~717, Aug., 2002.

[51 S. N. Yun, Y. B. Ham and J. D. Jo, "Pressure Control
Characteristics
Valve", J. of the Korea Society For Power System
Engineering, Transactions of the KSAE, Vol. 7, No. 1,
pp.68~73, Feb. 2003.

[6] Y. S. Hong, S. B. Ryu, Y. S. Kim, " Development of

a Direct-Operated Proportional Pressure Reducing Valve

of Proportional Pressure Reducing

for Low-Band Type Active Suspension Control", Vol. 2,
No. 3, pp.75~84, 1994.

[7] Park J. H., Rhee K. N., Cha M. C., Yeo M. S., Kim
K. W,

Pressure Reducing Valves in Residential Buildings",

"A Study on the Prevention of Cavitation for

4376

Proc. of the Korean Institute of Architectural
Sustainable Environment and Building Systems Spring
conference, pp. 260-264, March, 2010.

[8] A. T. An, K. Y. Kim, "Analysis of Flow through High
Pressure Bypass Valve in Power, Plant", J. of Fluid
Machinery, No. 45, pp.17-23, December, 2007.

[9] H. W. U, G. M. Hwan, Y. B. Seog,

Condition Monitoring of Butterfly Valve Using Support

"Cavitation

Vector Machine", Transactions of the Korean Society

for Noise and Vibration Engineering, Vol.14, No.2,
pp.119~127, 2004.

[10] J. W. Seo, "CFX Practice Guide for Cavitation",

ANZINE, 2011/2012 Winter pp.52~53, 2012.

8t 2 E(Woo-Cheul Park) (M3

e 19874 29
58} (FEAD

e 1989 8% : <lslthEtw ThEh
A 71AFEE (B4R

e 19979 29 : <lElEtw ojst
A 71 AFsE} (FEEAD

° 19973 8Y ~ A : ZLdg
I AFEAREEk i

st 714

< Eop>

Asd T8, AladdA 2 DA, AE 2D ASA
o], X3ty 71414

0| = Z(Joong-Kuen Leek) [R5

e 19941 89 : oI5l ArdTy
S AkEelat (FEAAD

e 20004 89 : olalTy 3t theky
71 At (FEhEiab

20031 8% ~ 20059 1Y : ()

WA= FlEATe £
® 2005 3¢ ~ &R : AILENC
=




-
l-IN
Jo
__):l_c“
e
ox
ol
2
ftlo
o
_<|>L'
+

g Ao fAFEE] W At

#d ¥ ZH@-Gyoum Kim) [EalH]

* 1988 29 : <lslrfet Fe
3 AT (Fob

« 19909 29 : Slsfeysta chakel
PIABSE (FAAD

|+ 20009 29 : QIstehsta charel
PVABSE (FEA

® 2004 3¢ ~ 20109 10¢ : 7

: JREF) RHATL 2%

e 20124 19 ~ BA - HBE) FHATL 4%

<P Hop
AGA Al2EAA @ Aol ¥717 B Au), 44714
44|, CFD
8t 8 A(Yong-Suk Park) [H3l

19861 29 : Qlslesta g
st 7| AZsk} (5D

198819 29 : el Tiat
7\AZs Y} (ZeH4Ah

199619 29 : el Tiat
. Z\AZs e} (ZehErAh

1 ® 199519 39 ~ 20044 2¢ : ¢
] A} s

« 2004 3% ~ AR : ASFBAARNE 71 AT w4

<TiRop

A Fefsl, 1% % PR

>

4377




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


