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C 25.0 15.7 3 150
D 34.0 15.7 17 ‘ 150
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F1 2.2 4.0 30 150
G 2.2 21.4 60 150
F2 271.2 21.4 55 ‘ 150
H 34.0 25.0 11 ‘ 200 H&
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1. 94E+04 kg/mm? @ 100 °C

1 REHOEBRFETL

2,6 (5)




PNC P‘l\‘!9420"96¥-040‘

T L

257 Hz

2R

163 Hz

1R

HiRHE—F

REHOHE

& 2

- 3/6 (6)




PNC PN9420 96=040 °

300

Lo L Lo L1
: benpotinpizifd b o
i ; i i P
. i Pid P
| i i P
' H " ; _‘)—-———<‘ ,\rL b BIEEEE ¢
250 o~ > 5 = AR

H
i
i !
g .
- BE
200 - ;
i i i i
: i
5
i
i
"
i

150 NSRRI

BEHEDH H

100 LA T

50 —

0 THIE i S ;Li :
1. 0E+05 ‘1.0E+06 1. 0E+07 1. 0E+08 1. 0E+09 1. 0E+10
| RLBOEERIME  kgxm/rad

M3 #THODIANERN-RETTE

4/6 (1)




PNC PN8420 96-040 -

| BlERe

mEEs /

A SHRIGIE

T 7777777777777

B4 ARABOELE

5./6 (8)




PNC PN8420 96040

50

‘ | ——— PO TNt A [ g - ‘ A -
v ~an Li0m: a0 EEETEET T St o YIVP IS NT Y IR ' 1
SN SRS S 5 \

i i \ 1 : .

20 [

- AMPLITUDE

20 p—————— — e

10

0 100 200 | 300
|  FREQUENCY Hz

50 — , R
I - : : : 1 ‘ i -1 ; ‘ ‘
[ —point G}- o) SR

a
L

40

30

AMPLITUDE

‘ — - b e H— Iz_m. .
20 ; - f ? . j E ; ;M‘ f uf ............ ;Tmmifmmm/
0 - ‘ E z E - imwmjmmkﬁm émm S “%{:Wuﬁwm.m

- : AN
- i

0 100 200 300

FREQUENCY Hz
H5 REMEBER GTERS)

6./6 (9)




PNC PN8420 96--040

HERH 3

BEEEY = VRO B V< ¥ B O
(100% i & 514

1 B#y

ﬁﬁﬂv1wuﬁmT%Eﬂm£®@&ﬁ%%%¥M?6:a&\mt%&&n%mu
;5ﬁﬁﬁv;»«®m5%#M?5:k%§%tLT‘&:w&ﬁﬂ%&?%ﬂwvy
ﬁ@:ki%ﬁ%%%tto%ﬁ%ﬁuﬁmmmmitLto

2 FRITRH

%ﬁﬂ“Fﬂﬁmiﬁﬁﬁﬁﬂﬁﬂ—FWMWHHEHT%U\:%ﬁ@ﬁ%%%b
toMﬁW%%mlnﬁfomlmTﬁ;b+buvAuﬁkL\Lﬁum&TéoTﬁ
@H%uﬁ&ﬁvlwfééoMﬁxy&:@ﬂyvnﬁ4Xﬂﬁ%n&WT%#%&ﬁ
LTERE L7, UTICBITEMtE R,

100%iT B 3 BR B 100%tH 778828 (5%)
Pl RPN v 5.0 m/s 5.4 m/s
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100% M RAREFOTRE L, RENEE—E L L TRBRBOBRE, SHE L7, BIE
L7 ) DR BITEIZ100%ERRE & 13 BEERE L TABH 2,

3 MBITHER

EZKMWéntﬁwvyﬁwﬁ%%%?omszﬁmﬂﬁﬁﬁﬂvzwvéb\ﬁ
hﬁ@@?@#%tﬂ@#ofwéoﬁz»@ﬁ%ﬁﬁ%h?h%&ﬁ@ﬂ—?47w%
RE S THITERETHILL:,

() REFYzVICEBRT2ENHE
ﬂsuv:»iﬁm&ﬂ%é@ubtofﬁﬁb\Eﬁﬁm(Xﬁm)tiﬁt@%ﬁ

W(Yﬁm)@ﬁ&%é&tb@&ﬂﬁi%ﬁ%&?ﬁTov:»uﬁﬁ#%ﬁzu:w.

%%%Eb%ﬁ&m&wwﬂﬁt\é%mmwm(v;wmﬁé)%Tnuugwémf

1 (10)




PNC PN9420 96~040
?ﬁﬂﬁiﬂ 3

RODBIENTE S, i%luiﬂimﬂfﬁmﬁﬁ’rﬁ%n‘h Y7:Tr"]LOb=’C¢i RMS (Z#
‘ :Fi’v) AMRER LIPS LW LD S ERAMISHHICIRIIL TV 5 = & AR X 1
—~F. XHBEIZDWTIE—EEE & 5B (mmmm NHbHIELIWRENS,
J)ﬁ RPOHEIERTAENHEIL

XAE () 135 £106 N/m (2.6 +20kg)
Y@ (5B75) :t302N/m(158kg)

tﬁﬁpn%o C DiIERIL, BEE@%'?%EL.J:%?)UJ W:)VﬁEEﬁﬁ%ﬁtﬂﬂL—’iL
TWwh, | |

) Eﬂi’ﬁﬁﬂﬂlﬁﬁﬁﬁ

m4al5k\%h?hmﬁﬁv;wLWﬁT%nﬂLxﬁﬁtﬁhﬁﬁw ENHED
NI =ART P VERT, MNEELABDOHETIZI0-120HzIc T TE = 2 2B bR,

BOHzEA LD BEESER o e, ZDL A/ WX (10588) TDHNT ViBDOIEE
BOOEREEND A FO— L8, EEBICE D0.19~021BETH B I Ldtbiro T
5o s.@Xl~EI—/\)lzﬁciﬁllﬂzﬁkﬂr"é—é‘htf94~104Hzﬁ}§k1‘E-_—“1TZ> #-oT., B
ENEBRBERE—HLTVD, BIFA v ¥ 2 DEMLIC L h LRk G ED—BENMLEL
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M) OENFELREHY LS LEE (O 10m) OHBHFREL LTA
Tliz, BEFT—120.5%E L, SHEITE—FIILBAUEIZE 1=,

3. MHOKRR
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EHAFEL, BUBETHET LB NDRESARAN TR ELE>TH Y,
ERMICENEBYEANR SN D, BAICEEELTNERSH S B, BHE
FEARY THB BERRY FLIE, EHCHRNEBEOELDHEER, YLD
RENMSAISE (#9260Hz) TOERABEETHS (B1, 2) . =L, cOE—4
DIFIEIRDDIFEINEFEWL. £, BAIZ liﬁ)b?zﬁd),ﬁtﬂ;}ﬁﬁﬁzaﬁbné
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B LA FRIBM . (symmetric vortex shedding) 12 &5 DTH Y ., #
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MERH 2

BEHOIRE S
1. B #

BENHORANLEEERE £ R R CITRRRIC &> TIRET 5 & & 4
=, MERBENES 5, €512, RENNREH = )LIERT SBEOREH
RS, HIE— KORSOMAN SEROIIET 5.

2. &E (BHE) B4

BEHE, BRRE LTHEDRSTERESh3EY LRATCENTESZDT,
EEBATIEE Y BRI L BETFLERANCTT otz @1 CRFEFLERTH, T
FIAEORSEEIEY L, BEHERES, 1445, RUEEETHD. TET
— TR AIR Y RAEER N, Y T LOF Y AEEEC SN TR
mﬁiﬁ%mLto::f,mgmauourmmmﬁii,%eawmuﬁm%
HZONTHEEANERE, ThEARMLE, £, SAEEHTIERED
BB, UEEAOBUBARE (3RTLILEFL) I2E->THEEL, =
NEEE AR TER LT, | |

RAFIZ & > THBON-EHERM (" xJLBE 200°C) 1%, 14 :163Hz, 23K :
5THz THB. B2 ZEERBE— FTHZH, 1 RITELBEHESERLE L
TLETRENENIZY & LThbakAbeke LTEETSE—F, 2Rty
I»ﬂM%\ﬁxM%:%miﬁsm#ﬁﬁsuuaLr%%mmﬁmtée—
KTH%. 58, 1 RESEDRETRED-bAttt+ SHOMERESDRE
ISR LTRETHEA, 2 REEEMKE NS OEROEEEELALBITE
E—SREZR=h D, Bl LTHE3 IR SHRORBRE S DERETRE LS8
DRIFHERERTA, A CBOEEANET S &£ 4121 RE— FOBERBMILE
LCETS 5. SOR, BBIT— K340 SBSOXENT 5T FISEEL
<.

*  IEREICE, REHORESDOIEREAREHISHARIZH 1on ODEBIZH D, FEB
ENRHBEMICK SEEAERUVELEDXY & L TOEERAIER, %ih’c'h
CEERE 1.1x10" kgwmm/rad
EE: 2.1x10" kgxmm/rad
THd. AEHOEREHDLIEIHEOKRNMERICKXREh, LREOABELE>TWS,
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R AR TSR TELICER SN BEHORBEE S V/IULRNAYRT
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T=o

lsmﬁﬁﬁao—wfaéﬂ,:wﬁnmﬁﬁﬁmﬁwHMEM1mﬁﬂ
150Hz, 2 ZxA%9 260Hz THh 5. RRITBEIHREEBOR LAAKE (FLY EE
B) RUAY FAOEBESSONYTHOEERE, BAORGETH =4, 21X
EHRBBISART & FHRIC Ch 5 ORIISHESLEL (19 2600 —8) o —7,

1 REEEDLIEERMNKE L,

RERICHIET 338 - KRDRETOMTHRIT T RAM 21THz, 2 KA
280Hz TH5H, 1 REFEHBOTEAKRE LA, ThiL, BITCHLELOTFHE
FCHERLETRE LTVA & (EHARLACHOEEEER) ZITRET
LOEHREND, BAD & SI1Z1 RE— FIERBAIZE>TIEEAERHRBREINY
LWOT, COERBHFELSRHBEIZHEELDTIERVNEEZTNS,

4. BEEBHOAE

ITRERREB—ORBEEAVT, RFv IRy I (L 2RENTET>1=.
RETIL, v:»wﬁmrM%zuéaz._nﬁﬁMLrﬁtzbéamﬁﬁ&
Fsh S B R 8% BRAE L 1=

6 (@)IZFNHEREEBLTRLI-EDTH D, AT vITNRNvIRBROER
(B OE) T, HWERIEH 1.2% ~ 1.4% ORIHFHLTESY, DBER
(23 L TROAZEMERZR LTS, BEEDER £3@CHFLE LT3,
WEERHMEICIEY T ARBERH 0.1 m £ERE LTHLALEEAEDSNT-,
ThHbhb, EMEEAKEVEIZEG (@) ISRLEESIZ 1.3% RAORENSHS
A, fRIEHS 0.1 mm £ TFE =i, WEERIE (DYPTLAPDHST) 0.5% 8
EETERT S, Shid, FIXERMRIBIRIZEY L& —RADOMOEROEE
NELELLEIEY, BEBEBNRIBIZCE>TEETAIZLIZLIIDEEELT
W3, 6 (b) FEAEEROVEDHY £EE L-RIEQREEERICE 5 EHIRS
BRORLEERL TS, KMRBOERICH > TRBT—2 LO—HMNRS
ha,

®6 (a)=lf, B I OREEFILICIRY - BEHOTRERERIC & 2
BEAEBRKREZHDOETRLTWLS (X)) « ATy IRy HRBROBREERT
BEEFIELDEEREVLOD, FERABOERATH S,
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ChLOREIZESE, ARAEMEEE NS RARNSEEIET SHAN
E)‘iﬁﬁﬁﬁ% 1% ~ 1.5% &E?!%O'Cﬁ(ﬂi;b\, t*u%l./—cb\éo

5. ﬁﬁmﬂﬂﬁ

ﬁ%ﬂl;6¢:»®ﬁﬁ$%®§$%ﬁﬁi%ﬁh&%ﬁk&UE#LE;
RETIILVICERERT ER— ?JEhﬂEwﬁﬂﬁéﬁzwwﬂ“WﬁL“ﬁﬁ
BLLTAEMLE, BEE—20.5%& L, HERE—FLBABIZE o, |

B 7%, 100Hz~300Hz CIEIE—HABEEIHEEHF ORI A ~/ 4 XSRS
3 LB EROBRNEERMTH A, Yz LOKEL2 ROBEEEEEA
BRILEBLTEY, 1 RE—FOFEF/DSWI LADND, BERITIZENT
AW E— FEBALEALHAOBRGEEOLHEUTIZTRTMN, 1 RE—FOD
FEFEAS~INTHEE, RUSRULDERE— FIZBETEI L, &M
HOMNTH B | |

A ﬁ;g- DRI BN S Bo B EEREE
1TR+2R 1.00% 1.00 1.00 1.00
1R~5RK 0.99 1.01 1.09 1.00
1T ROH 0.12 0.06 0.06 1.00
2 RDFH- 0.89 0.95 0.94 0.04

* 5430)431{@.(11 R+ 2RDEEIZHTHHEERL TS,

1 RE— FOBERNENT LEESZRBTR=0IZ, 1RE2RDEFNT
NOEEREKIC L ZWANMREORIFTET o 1=, WEZEMIRIESL L, ThEN
REV2RE— FOBAEBVTRITLTINS, BREUTIZRTA, HiRKEIS
BLTE, TRE—FOREIEZ2RE—~FEEBELTHBERIZ/INESWI 800D,
Iz, BAESE Y T UHRREROBAANEOS, ShiE1 RE- FORBRK
DEDBATORBHNNENC EI2ED, B8, TRELELOREDOBECE
BT 38aICkHIz 1 RE— KREELL S, |

S ; Pgﬁ é —SHBED
162 Hz 0.11 0.05 0.05 20. 65
257 Hz 1.0C* 1.00 1,00 1.00

* BRPOHEEDHMBOREIHT HLERLT L5,
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E_ 340 40 10 150

F1__27.2 4.0 __30 150

6 272 21.4___60 150
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H 340 250 1] 200 &4

| 37.2 250 __49 200 %4

JT__27.2 21.4 10 _0.0317__150 v r+ XTI S MREEE RN
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SRS T00 S B & =256 ¢
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RS ORBBHE T
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- MA—-EEERIREAEIC LY . BER T 2 VOREEE Y DVORIRICRET /RN
EFRERF L. 71%@%%%*2&%%ET6 $%ﬁ?ui%ﬂm%ﬁﬁ 200C
BEFMAFE L

2 BHTOBRE
“uTK%ﬁmmﬁtﬁTo%ﬁ:—ﬁﬁﬁﬂ%%%%ﬁﬂﬁ:—FﬁMwH?ﬁ“s
B ARG ZRT (BES Yz VWHE2ECTE) TH, iNAE (EREFTT,
JrILEKTEICREB A€ 3) RUBHARA (EREEXTHIHFAT. 7 o/bE LTICRE
EE3) KIERERFEEDOERELTYI I NEETIMEL 1z, RF—BESEREERT
BH. YT LOEHHFER, SRH SN ATMEELENEERRZMGELTF T4 IR
= ZRICHALTNS, —H. 9z LOBBARRTE. KBBHOENFREREE
WTEBLhBENHEEHNNEE LTBW A, | |
ZRTTCEEMIE . BEETY VS ERESOMIETH Y, AR SN IREE T OER
YT VREICHE2T—HTHD., EVWIEFINELAZEICHBYT S, HiEPICHR
ESOABNI$HZEE, T IDOEREEH > TEEICHEI RLUACHR CRBHR)
SN MORERESOHOBALYHET TS, YT VORS /EELRESLZ
15T&U\%@t%ﬁbm\%mEéHEE&NTﬁHT%ﬁ?Tét@?—?#&

o Tl SRTMEERTHIE, BOREIR. Y IVERFEAARSICOE>TRTU
5 ﬁfmaurw Y IIVERICh > TREATENTENEATS SRS &L,
HoT. ZRTEEREL £ @m%ﬁrm Y VRT3 EATEN LB AL T
WdeEEZ5Nh3,
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WMERHE 3
(1) FERDARATED

100% M MIRER  100%MMBLEE  100%H 7 B GRS

(200°C) (3257C) (505°C) (&%)

F 8y LR v 50 ms 52 mis 54 m/s
L1 /IS Re 1.0X105 1.4X105 1.7X105
F )T LERE p 904 kg/m3 874 kg/m3 831  kg/m3
B /- v) pv 4500 kg/m2s 4500 kg/m2s 4500 kg/m2s
HEnR

100% M BERBFEORE . EBRARZ—TFEE L TRRFOVEBEEI»SEEL /-, BAE
MY OBRBARIZ100%5 5 & HHBEEE TEHT S,

(2) BEETV = I

HMEBHUR SHR m  0.574 kg/m

HIETE X hy INSA~-BETH

ZREEIREE f2 272 Hz (MAHBUREER TS L257HzICHRY T 3)
ZREE AIRENE w, 1.71X103 rad/sec( = 2nf)

BMETHVBRERICRETHVREAND -, HEEH 2 285 U TRETEY
0.5% . 1%. 1.5%DEHRZERKL 7=,

3 WMAEEEREERE TV

1 ICRESY T VOBHREFIVOBIHE2RT, VT /IOEBERNSFERUANE
EXARADEREREEETFIMELTWS, DIV ZOTFEICEESRICEBEINTS
N, FHBIBNVELVTHEBER2ICRANDI T~ RTIREIT 3, AIBIEL - FERE
H2ICRT,

Blevins2id, E—~ANBEFDEZAICLY ., EREEF (12Y)) O iRE—- FOEE % 5050
THRIRMAPFEXNCEMEERDERHFATERX. WRERULA, Thid, 3) EHANDE
BIXNENFELLBRLILET]MELH>T VS,

2R. D. Blevins, Flow-induced vibration, Van Nostrand Reinhold, New York (1977)
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. | 2 d(2)d.
R NG EH PR e B

ST xEyREINFNADNBFEMEBHDFEDOER. () &) FNZh, BEICET
PIBE 2OMPERT mI3 I I VNOMBEELH-NEBTH S, i RDE— KIC
FLT. o REFSREY. h 2 REEM. 37 D VERTH THBES T~ KB
BTHD, BAOPM. P)iEEhEN, ﬁﬁﬁéﬁf”@iﬁﬁﬁ@&ﬁﬁi(ﬁh)
tiﬁtﬁf?éﬁﬂ@&ﬁﬁé(ﬁh)f&w RRTEES N3, ‘

2hw, 0
0 2hw,

{ yxj } - f 2R P(G,t){ cos 9 }de | T

0l x BHIEAE D 5 RESEHEVICE B0 RIE™Y T ILDRIE, PO RIEDFT 4 TR
=V ALK EBVTROSND I T LBEOENDE TH B,

BEDS, Y EEMEBADBRERBRT 5 1 0ic. ENFE KA CHE S W3R
Ba2BFhidtwnwaerbnrs,
f¢m¢

f ¢ (z)dz

E2IERENDE— KD 5
J;l 0(2)dz = 0.452 ( 4)

ﬁ ’ 0X(z)dz = 0.286 | | | (5)

CEIEENBANDT. a=158 183, S

ME—BEEREERTIDIC, BESY L IOESHHBRFBRREICLEE, R
DOENLEUEE EREERZGEL T, #T1IX =2 IRICHAL TS, —F.
7T VOEBHFRARCIE. REBTOENSEREBVTESWIEAFTE L4 HEE L

3 (53

/7




PNC PN9420 96-040

HERH 3

THW,

RILEISRA 7eiE—1BEERART & 1) . 7z VEROEMLI RO 5N B,
4 BRITEER
4—1 ERIRENEET (GREER 0.5%)

B3 CHAA Y S 1 E (SBESLCRESY t VBIOEAR) #5771, ReOEH
FREHYINTHS, YT ELDA v 2 THEREREEIONSHO 1 BEE L

oo £V VAT, BAAEICHMAAEIL T3, BEEZIAEE. REATBRE & BiER

TEMED S HIBT U TH Jusee & U 7=,

4 EESICREATED x AARS GhH) &y HARS (BH) ORIIE. M6 &
B7ICR7 2 VORAFREBHFRADEMERT, H8 LT T IDMOFRE LB
NAADENEEERT, £/ ENFELERLOHKEBRERTICRT,

COBERD S, MAFRADEMNKENE L >TVBI I EN DN D, ThidKingd H'E
BREVICIRE L /= > 2 1 L iRE) LA FRDIKRE) TH3&ELS5ND, ASMEO—
ReiC&hid, BEDEBIREME n. RiEEZ v, AREREJETHIEE. EBRTHE

L EREMDNT A~ Sk, FRROVT P &M T L& HHBEADRBHFILE £

RMEIEh 3,
<0 (6)
_2mJ,
k= > >1.2 (7)

ZZTm BEMRESHLYOSMERTHS Y. FROBEES S OBRE m H—H#
DM 3 m EF LU, & WFHEOHBBEE TS S, KingDRBRIZS L, Tt
SHE2I TRAEGEY . ZOFRERK ISEET 3 2P TEM TV S, FEFOSKMGEEK

AT hiE,

3Roger King, A Review of Vortex Shedding Research and lts Application, Ocean
~ Engng, Vol .4, pp141-172 (1977)

(1995)
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4ASME Boiler and Pressure Vessel Code Section 1ll, Division 1 Append:ces ASME,
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REEH 3
‘-—!a=195 - | | o | . | (8)
k=042 - o N o (9
THb,

King 2. gmﬂﬁxﬁﬁk BWTHHABEDRBFRET S L &, FEEIBE. Bk
DOFEHE? SXFEICERSNDID Tl <. BB THIRCER S hNBaZEesBELTY
B, Emkﬁ%ﬂtﬁﬁ&ﬂ@ﬁ?&rToﬂﬁh,Hﬁﬁ%ﬁ(ﬁhkﬁﬁ?%ﬁﬁ
&Ofﬁt LT. +00E L-90ENK) DEHBLE (04%H 50.50H%T) £RT, 8%

Bl AHRGTHEMEESBLE S EBAEREEI20CRT, FHLEMETIE. #100Hz
?Ehﬁﬁﬁb\ﬁﬁ@Eﬁ%%uﬁﬁﬁﬂmthéo—ﬁ,ﬂﬁﬁé\ﬁméﬁtt
%213, +00fF £-0ENANEH N EIMAR. #250HzTEBLTWAZ N DD D, T
Ebt, AEHLESEAEZETEREL > TWAY, ERRE 2FRT O IIXTFLB
PERISNATEY ., HIONERBERE—HMLTWVS, #->T. ZOFEIFOFEEFICHENT
. MAFEICEBEESY T VOBRIRBFArEC TV EHNDEELSNS, -

3¢ @14ic 2 hZhiih e, BESHY t VORAFRABERLD/INT—INYT MLVER
T, ¥250HzIcE— IR S N, ﬁﬂﬂ#m&éhéﬁﬁﬁtvzwwﬁﬁﬁmﬁﬁ —
LTwa,

MEID 025 &V ﬁﬁ*ﬁﬁ‘*%b‘ SR AFEETROBETHESFHEEHYD
ZRTE (RMS) £ 1 IR L 7=, BT RIMAFEEMIL0.046mm, HZAHFEDE
fikIEE AE 0(0.003mMm)TH3, FHEETHY D_RFTHHE (RMS) R HFREL
i 1.1mm . BHBEEOEMIE 0.071mm TH D, ThOFHEEHL STEUIRIBEDOFHEE
KB, JEWS > S LRBORBOTHER. L1 U—2% (BHE2O¢H%)

it = e (- §(&)) ‘ (10)

KRS x RLA U —RFHICRIBLTHTHY . CZTREMRBEOFHETSH 2,
fax) L1 '\)\—ﬁ?ﬁ@ﬁ@%@fg’.ﬁﬁ\ o, RERSENTFIHEE DY ORMSICHET 3,
RELSU 5% (F ERETHE L2 OFHERERENTEARICF LSS,

5J.R. Benjamin and Allin Cornell, Probability, Statistics, and Decision for Civil
Engineers, McGraw-Hill Inc., pp297-300 (1970)

6J.S. Bendat and A.G.Piersol, Random Data:Analysis and Measurement
'Procedures, John Wiley & Sons, Inc., pp103-105 (1971)
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wERM 3

®-T. $ﬁﬁ$hU@m&if##ﬁ@%ﬂﬁ%@*ﬁﬁ&?wég&#?é6 ﬁ
1 cb%m*%%u-bt.o %i&htﬁhtfﬁhﬁﬁm 56 mm. #57375r‘1¢»o 10mmé& i
%o

a5§1?u0%W#wnw$?®? aﬁbMJéto## RGN E Y
RENTWBZLEMEBT 40, 060» 011 ETOF— FEMBUBREE2(C

Ao |1 EEBTHIL, %Dﬁﬂcbozs?)o)-?‘ a»&s&%#mz MARGEDOERIEEEL

(_ﬁfw:rb\c‘: EA%,
4—2 ERREIERT (5&&%%& 1.0%) .

H15& K16l i3 H t#%h@ﬂ#?’l]& l17t18t-t;tmf§n+r7 zmmﬁﬁmt#ﬁh
FRDEMERT, M19&F20iCBEEEY T VDRATE EBABROEREE %R
To T/, Ebnitxﬁmmn‘riﬁesc:ﬁ-vo |

wmmwzﬁzzrﬂeaﬁman\‘aﬁtmﬁm;&# 05% NZELEAMETH3, 2D
BEICE., REMDNT X -5k, 13

k=084 | | (11)

THDo 2T BRENRICRENBMABADRE NI BFLE A NIBEICHESEAT
VWAV, F21CFIHETME (+905 &-90iENKR) DEHMLIE (045575 5055 = T)
ERT o ENTEIDEEBI#250Hz T, +90F £-0EDRI BB TEE L TH Y.
MR ER SN TWBZEFDAS, ChODRRL. BEEHY 05% DIEE LA
THY., R—NER (#nﬁ?ﬁﬁd)élﬁ)h#ﬁiﬂ) WEFEhTWB3EELISND, 228
B EINhZTh. WAL 2 VORABAERD/IST—INYT MLERT, #250Hzic |
E—-75R5h. $IRADERELEKE BESY 1 LORSHSL T IT— —HLTW3,
RIDBRD 5. BRED 1% DFEICIE. TRIREOFHE T HBRICT 23mm B
7'77ir"m*0 094mme %L %, BEEHD 0.5% DBSICHESE L T, ﬁ?‘]ﬁr‘izﬁung%
?ﬁﬁﬁr‘]IﬁUi 93% M&ﬁié h3,

4 —3 ERFEET (GRETH 1.5%)

IE24<‘:|§]25L_LIE731‘J§0)#L77 CHADIFLIE, F26& F27IC LBEEtY T LD A
AREBNBERAOERERT, H28& 9IS BESY T LORHER EHBNAEDEA
 EEETRT, £ ENFELTROBKHBER4ICRT, |

ﬁﬁﬁﬂ@’iﬁt#ﬁﬁﬂﬂﬁt EoTWVBRIZBEEED 0.5%. 1.0% NBESLR¥TH
3, g.(Di%AMi Em'&@/\7x — 2k 3 \ | |
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WEAN 3

k=126 | - (12)

TH3, lsochﬂizﬁﬁllﬁ (+90)§t -Q0ENRKR) OIEHBRLE (0. 4‘1’9@‘90 58 % T7)
%TToEﬁEﬁ@Eﬁﬂuﬁ%mﬁTsww%t%F@ﬁ#nﬁﬁ?E@bTEU
MIFAPERSATVWBZ LN DD B, ThEDHERIE. BEEM 0.5% . 1.0%DE
SERKRTHY . MABFROBERHIRBREEEL SN D, F31EFRICIEFATh, #
NED TIVDRABAELDINT —INYT MVERT, #250HzIcE— I RS h, iﬁ‘r\
ﬂmimﬂﬁﬁtﬂﬁﬁvIwwﬁﬁ&uﬁ&—ﬁbfma

RADBERDI S, BEHN 1.5% DFEIIL. zmmaﬁmatmnﬁm_o 91mm.
BHEEH’0.15mmE L B,

5 #i8

u):uiwmw —MEERE LA R L. SPLASHO — KICHA L 7=y SPLASHIC &

BEETT T VOBEREEH%O. 5%. 1.0%. 1.5%& b'(x?ﬁif%k BEERENT =R
l/f.:o |
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2. BAFEIE 0.094mm £ KB, WEERE1.5%E ThiE, TRIREOTHEE. HH
BEAN0.91 mm, HBAFAF015mm ThHoro TN ICHIEELE 0.5% 2 51.5%
CHT LR EY . HAFEOBBIRBOERIRIEDFIEIE1.56H 50.91 mmA & 2L
T3, |

@) ANFRADKRE»EMT S VWS RRIE. BRER 4 CRTKEBRER - SV TEE
BTATWBEFTEL . KingS EBOMERENERTHEIR TV, SROBFICLY .
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B AEEHOSHOBEOENTE L ELOMER (02504 51.100FT)

#1177 (N/m) #7 (N/m) -EAL (mm

ISEEEE | 47.4 3.1 0,046 | 0.0020

FiEEDY
DRMS

RAIFED —~ - 1.56 0.10 ”

l Fi91E | '

%2 HEEH0S5%NBADENHE L TROFZEE (0.60WH» 5110 T)

215 47.4 1.10 0.071 “

#77 (N/m)

BT . 47

THEE DY
DRMS |

EMIRIED
Fi91E

A (N/m) %7 (N/m)
BRI 1E 46.5 8.4 0.045 - 0.0079
| EEEDHY | ‘
“ DRMS 173 40.4 0.87 0.066 “
Zgﬁgo) - = 1.23 0.094
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®4 BEER15%DBEDENTE L EUOMEE (0.255H 51T T)

R 11

[ #wANm) | BH (Nm) | X (mm) | Y-EEAL (mm)

Fi1E

9 (59) -

54.6 -6.4 0.052 . -0.0058
- |FRfEEDY \ ‘
1 oRwMms 132 58.9 0.64 0.10 II
EAIRIED

0.91

. :1
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B 22.4 15.7 96 0.0314 200 (Nak:E & : 8.23x107 kgf/mm)
C 25.0 15.7 3 150
D 34.0 15,7 17 150
E 34.0 4.0 10 ‘ 150
F1 2.2 4.0 30 150
G 277 2.4 80 150
F2 27.2 21.4 55 150
H 34.0 25.0 11 200 &
I 37.2 25.0 49 200 54
J1 27.2 21.4 10 0.0317 150 +vw b+ R FY LS BBHRER %
J2 27.2 21.4 10 0.0117 150 x 7 o yBZRER %M
J3 27.2 21.4 10 0.0397 150 +w r+2FU L TBFRER (M
K Tty 248 57 100 #EchEF =258 ¢
mm  mm  mm  kgfimm’ T
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1. 94E+04 kg/mm*@ 100 °C

3 1 REOEBRHFTETIL  (200°C)
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HERH 3

FHEF3A5E

BESHY 1V & ROERIREENT (100% KR M)

1 B8

TR — B ERIREIARIC & ) . IBESY T VDIREDE Y £ L ORI R T 33BN
ERBERE L. & L OEBICETM. B S5BMFISH 2 EET 5, ARG T LTS
100% T BEMLE L. F MUY LEBE% 200 CRU325CE L 7=,

2 FEATOHE

LUTICEROBEERT, B0 — KX EREREREEITI— RSPLASHT % 1) .
BhERIE TR GRES Y /VHEA*ECTHE) TH3. AHEH (EHXEFEFTT.
VIV EKFICIRE S B 3) RUBHAR (EREERTIHET. T )% ETICIRE)
SE3) KIEREREEZSDHEAELTIINEETIMEL =, RE—EEEREERT
3120, TTIOBHERERL SR SN ATMEE 2 FEEREZELLTFY+IX
b= XKICHEALTWVWD, —H. Tz VOEBSHAEEXTR. REBIROEHHFER LR
WTROSNBEAERABIEANSKRO S BRAFREBHNFADHEEZNNBEELT
BHuvi=,

FRBEE 2 TRFEE I IREFAAIC—HE LTESMAHE*EEL AP, Z0OE
HERD S, MAFEOBEIRERFICIZ. FEXTAICHGI L TRETEALTWS S
ENFRENTz, ThDE, BEUDOT I NVNEFHFANDHESFIXE— FBRICHE-> THEREL
THN ., E-FRERCL->THENHEBEIIRENBI EEIOND, KBETIR. 20
REEBLUTEMEEELETEL /=,

BT, EFEIROMSE L. 0.05 DTS TRICFREDTHE (50m/s) *
LRI B,

UTICBEBIRREERT,
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HERH 3
(1) FEEDARAT B
100%MBEEE  100%KREER  100%k 1 EE

\ (200°C) ‘ (3257C) (505C) (&%)
F b LHR v 5.0 mis 52 mls 54 m/s
L1 /LI Re 1.0X105 1.4X105 1.7X105
FrUDLEE  p 904 kg/m3 874 kg/m3 831  kg/m3
B{UETRY /=) pv 4500 kg/m2s 4500 kg/m2s 4500 kg/m2s
ERnE

100% K BRBIENFE L. HEARE—FL L THBEOEBES» SHE LA, BAE
ML 7= 1) OB B TR 12 100%ELER0S & 71 8R0S & TAET B

(2) SBEEEHY T

HESHEVURSEER m  0.574 kg/m

ZREBIREIE fo 272Hz (RAEBDRE2FET S £257HzICHHY T B)
—RERAIRENE o, 1.71X108 rad/sec( = 2rf)

BEEHIE. HEER 2%28FE L T1% T3, =L, BEEHIBNBREICE
BTHEERANB =0, 7 M) I LEBE200CHEEICE TR, EEES % 0.5%&
U7 HERL 7=,

(3) B or—2N—%&

a)F bUTLBE200C. BEEH1.0%
b) > FU I LBE 200 C. BEEH0.5%
c) F rUYLBE325C. BEEK1.0%

3 FRIBESERBNETINVESHEER
H1ICBES Y VOBMEFIVOBERERT, Vx/OERBERNAER (XHA
[) BRUThEBETAR BHFM) DIEREREEEFMELTWS, Yz LIEZNDFE

HICEEARICEBENTSHY ., FHESRBVELTHEEM 2 RSN 3E— FCIRET
5o MBELAE— FKRER 2 IR T,

2 (11D
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Blevins'it. E—FIVBBIROEZFIC L) BHEE (1kY) O RE— ROEEN % T2

TA3RMSFHRER L SMETADOERSREL, (NRXERLE, Zhid, Y CHRDE
BT RNV ELLLEDLIGERELE>TWVWE,
j {’;xj}w v w
b3 2h, 0 |[x ®? 0 |(x

2TT. x Ly BENTRANFEEBABAOELL. () () BTATO. BEIET
BIRE 2BOMAERT. mEI T VNOBBREH L) ORRTH B, i RDE—FIC
BLT. o EEARDA. » BEEER. 69 T VERERL TRBEE N AT~ K
BTH3, HADPM). P()iEZhTh, BURE H7-1) DEFRFEOEHFE (HH)

CEREERTAHRANEANE (85) THY. RATHES NS,
P\ _ [ [-p@0) - 8.0 cose
{Py(t)} = J; [ t(8,1) —p(0,1) ]{ 5in }R d8 @

813 x BIDIEARA D 5 RAFEE U (C&B, RIBTTIDFEE, p6,) ZRLNDF T4+ IR
= ZBRREBVTROSNEY T VREADENDF. 146,0) 17 T VREDHEIRS
EFRENOEBRFADED SEHEES DL AMSHOEAAESHTHD. ZRATNHE. €

ABRIG T
ov,
To(6,) = U=

CENBEND, pREMFERTSH S,
SRS 2 S RIER 3 DRSS . A FACBRIRBIREL TV3 E XTI,
e

WEIRY T IVERICHEIL TRHETERTAZ EFRENE, - T. T MEEKIC
FRFEEP) ETHhIE, HEOY T VEFARAOAHIE |

P(z,t) = P(0, 1) ¢(z) (4)

- 1R. D. Blevins, Flow-induced vibration, Van Nostrand Reinhold, New York (1977)

3 (112)
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HERH 3

CBANDEEIOND, T BUBLHAWOIINVORRIE. RFARICDIY —
TSP EMIOIMTZ LN TE S, TR

(2)- ()] 215)- {”y;:j} ' 5

CREMZSN, HAFROBBIREIRELTVA EEICR, BIRICLH> TRV EE
HBarEAROEREBRTIZEFTESD, FAIE. mﬁﬁﬂrﬁ% — S E R ERAT IS b
ZEMHENELS] ICRT

FE—SSER A EBT A0, BEHY T LOBHAFRR BRI YEE, K
B 5N ETREE F TEBEREME LT, T T IX =T XRICHAL TV S, — A,
W L LOBESRER T, FEBROEHFERXEBVTESWIFELANBRELTR
W7o ‘
BLEISRA 7=t — e B R & V) . 9 T VEBROTMI KD Sh B, &0 OERH
O(z)g(t) EEBABEI B EThIE, BHDE—AL bELHAORFREXS, S, VT VER
DAL g(1) DRI E L CERFBATRRIFISH o1, 1) RTRXTHEA5N03,

2ho, 0
0 2hw,

o 0
0 o}

o(l,t) = foﬁ d dq;(Z) a(t) (6)

T, ESREEMERE, dEI VAR LB I VRERORE TH S, (D5,
ISR TIVEROTRICEGT S, ZOLFIERIL. 200°C TI2118 GPa/m

(12.0 kgf/mm¥mm) . 325°C TV 112 GPa/m (11.4 kgf/mm¥mm) T%H B,

4 FEMIER

R 3ICHEF Ay Y2l (2FRE L CRESY T VEDIOKAR) 27T, FROMM
FREHYIINTHD, TINERANA Yy Y aTHEEEREESONSFO1]BECL
oo £ T VERITR. BABICE SICMSEILTVWS, BEZAMER. BITERER
EREMD S HEF L TH Iusec & Lo |

4—1 SERIREERT (F MUY LBE00C., HREHR 1.0%)

4 EcH5ICREED x FRARS AH) &y FRARS (BH) OgE. X6 X7
kﬁﬁIwWﬁﬁﬁﬁt%ﬁﬁHWKﬁiTToE8t@9k71w®ﬁﬂﬁﬂt%ﬁﬁ
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hel4

HERHM 3

BOEMEEERT. £k, FENIZEERIICE - 8E (0.3%0 51.3%) OFEL
TRBEER1ICRT, |

COFERDP S MAFRANDEUIXENEL > TVWBZ EFF LB, ZNhiFKing2 'R
BREVICFRE L 71 > 5 1 “iRE) (MAFEOIRE) TH3EHEA5N 35, ASMEI—
RS L hid, BECEFIREEE . MEE v, AEEREZJ LTI EE, BRTHE
L ERERDINT A =5k, FRONAL@ORDWT I &HLT & & RAHEADIR

BRI % 2 BIS h B,

\4
<10 (7)
L5233 BD k= 2p’"(;25-' > 1.2 (8)

2ZTm BEESHEYDEEERTH 3, 6, AROHBAELZETS 3, KingD=
BRICL i, BB =21 TRAEEY ., Tk ICEETSIENRENATVS, &

RO E AT M,

v__
L= 1.95 (9)

k,=0.84 | (10)

-(“&50 ‘

Kingld. COEBRTHRREICSVWTHOARDIREINFRET S £ &, ARZTBIE. B
DERE»SXEICERENZDTREL, RUETHHRICER TN I Z L EHEL TV
%o HMOICKERICK WEIR SN RXFR EWTRERORF 2. HNMHUCREBRICEVES
NSRRI DEETF 2R T, B12(1C. AEEAE (RhCHXT3HARZ0EE L

2Roger King, A Review of Vortex Shedding Research and Its Application, Ocean
Engng, Vol.4, pp141-172 (1977)

3ASME Boiler and Pressure Vessel Code Section lll, Division 1 Appendix N, Article
N-1300 ASME, (1995) .

A1 EKREOBMEEG IR LY . BEEH%20.5%. HE:2 Yz VEFAEIC—
BEUTEMRELBEL Ty —XTH3P . RBROAHHREDBEIREHFBEHFE L TV
%, |
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T, +00E L-0ENR) DENMLIE (04805058 T) &#R1T, $EIC. A—AN
ST EEILE S B ABARR EFIBICRT, BIEPRTIR. H100HzTEH P iRE
L. MADEHEEIIMABHF180ETND, —FH. Hi12h 5, EREEAEEFITIE, +90
EL-90ENBRNENN R, #250H2TEBIL TWA I ehNB, Thbhs, A
ERRIL BB RTEREL->TVEY, ERIRBEERTNIEHIFLBIERENT
B4, HHONEBRRE—BLTWVS, #£-T. COBFOEEICSVTIE, HHHA
(CRESY T VOEMREBIEC TV EDBDEEZ SN B,

B4 &BE5ICIEZhFh, MAOAFRBMNERDDOEBLER08WH» 509 FTRT,
COFEERBETAE, MAERAHFAEMEBIRICHETHBLTWAZ L REBEHh, &
MICHEDY T VEFFRSHFIE— RHBRICEFATITHAS>EELBN B,

Bis&FH17ICZhEn, BEE I IVORAFRAEM EFHFETNDINT — IRy
MLZERT, ¥250HzICE— 7R S5h, HIFAIMEH I h BB E T T VOIRERI
IFIZ—BLTWV3, | |

MED 04 B EEAVWLBIFERL SR LHE L EMOEBIFEEL FEEDY) O
FFHMHE (RMS) £ 1 ISR U 1=, BTN AN BFELERI20.040 mm. BHHEOLTA
(30.00028 Mm T %, FHHEEH Y D_FFHE (RMS) FIHABRZELIE 0.56mm .
BAEBOEAIE 0.095mm TH D, EUIDERIEZKISEVDT, FiEEHY D
RMS#/V2fE L CTFHEAMIRIEAROBZEHNTED, BIICEFDHR AR L=, DA
RDFHELIRIE30.79 mm. BAHFMEIZ0.13 mmE L 3, MABFRDEETAIRIE % H
Whig, (6): & V) Bft & B IS DO FIIRIE 1 93.2 MPa (9.48 kgf/mm?) EEtE &N 3,

4—2 ERIREIEMT (b LRE200T., BEEH 0.5 %)

BEERSBARBCIRITEE 31D, 4— 1 BOBRFEAEORETRE 0.5%
EEE LT EERLAF18 L F19IC RN LB AOBAE, F20&H21iC 4B
I VORABREEBHFEANERERT, H22EF23IBESY T LORAHRH &5
HEENEMEE A RT. £/, BEFRETENICE - -8 (0.48551.38) OF
BEETMISEER2ISTRT, |
FABEOEEIETRNE B> TV RIRBEERY 1.0% DBELRETHZ, 2D
BEICIE, REMDISTA—%E, 1&

k=042 (11)

Th3, HoT. NREGRICRENAANHADKRB IS W IBBEICREENT
VWAL, H24IFAETAE (+90f £-00ENR) DEHBIE (04555058 % T)
2RT . ENTBOEKSILM50HZ T, +905 E-Q0EN AN FEAETEH L TH Y.,

6 (115)
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Hed# 3

WIRBIFERENTVWRZEF DL 3, ThASDRERIE. RETEES 1.0% DIBE & B
THt), A—DRR MHEREDEHIRE) FBFShTWIEEISND, 258
26iCiEZhFh, Dz IVDRAFEEMEBHBERBEMLD/INT —~ZINRYT MILERT, #
250HzIcE—- IR 5N, WIRRDERBERBEBES Y  VOREBII—BLTWVW3,
R2D\ERHD S, BEN 0.5% DFE k. EHBMAIRBEHAAFEIC1.27 mm. BH
FRIN0.078 mm& K D, MAERMDFHEMRIEEBONIE, (6)X &L V) ERFT & EBEFIS
T DOFIIIRNE 1 150 MPa (15.2 kgf/mm?) EETE &N B,

4—3 ERREEE (5 U Y LRE2ST. MEER 1.0%)

100%i &, 325CICBEVTHHERIRBENTEN . FMITLBEOREER S
. 4—1HOBMEHFDF M) ILBER 25 CEXTRLTHREERL -, 18l
RENBLIC, FMUILBEI /NI LD DRI 4% KEL BB, H27EH
28IC 1K/ LB D DK, K29 & F30ICIKBRESY x VO h BB EBDFEDEN
ERT . E31EFIRABEE T T NVOMABEREBNFRADEMMEEERT, £/, Ib
ZEVEEIESCE-8H (0382 51.38) FEETMUBEER2ICTRT,

ANFROEMIRENE L > TWVWBIRIE. F MU D LBEI200CHHE ERAETH
B30 TRNUGLBRENFEL GBI EICENF NITLBEN NEL BV, FEDEME
T VOEEREBIERT T2/, BROBERIKECED, —H. REMED/IST A —
Bk, 3. TRV ILBEOETICENETFRKEL LS, KBEHOZEEKATHIL,

v
=21 | (12)
k,=0.86 (13)

THd, (121, KinghM EBRBICR UL AT BAELIBRTHEICITZIFEL A
TWd, H3BICAEFRE (+90F £-907 >R) OEHBLIE (0.48H» 5058 % T)
ERT . ENEBOREEEIZHI250H2 T, +90E L-0EDEAF RMBTEHL TH Y,
MIRANERE N TWVWSB, ChOSDERILSHETL T, F MY I LBEN 200 CHES
EERTHY) . R—DRR (AHFROBEIRE) MBS hTWIEELISND,
34ELFBSICIEEFRhEN, T IVDOMAFRAEMNEBHFRATMLDINT —IANRYT MIVER
To H250HzICE— VRS h, WIHRBOERBER EBES T x VORERIE—]L T
Wa,

RIDKERH, S . FHEMIRIE XA HABIC0.91 mm. BHHFAHF0.18 mmeL 3, H
HEEDOFEHTMIRIEEAVRE, (6)X & ¥ B & e FISH DFHIRIB X 101 MPa

7(118)
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HEEH 3

(10.3 kgf/mm?) EE5THE & ‘n 3o

5 R

(1) ZRTDFRE—BEERET IV EER L. SPLASHI— FICHA L /=, SPLASHIC &
. 100 % HE. + MUY LBED 200C H £ UB25CDIRE TRESY T VDOFtE—iE
EERBMEERL 0 7 MUY LIBED 200C DELICOVTIR, BERETEN %
1.0%. &L U0.5%. 325CNEMFTIIBBETH£1.0%& L =,

@) F h U LBEN200C, BEESE 1.0% OERETR. EHEMRERRHEES
0.79 mm. #HAFEF0.13mm TH-7’=o MABFEDENL S, BT EBHIFIEHDTEY
IRU21E 93.2 MPa (9.48 kgf/mm?) EETEEN D, BEERE05%EThiE, HAFRADOF
BWERRIEIE 1.27 mm (2. BFIS D DFHIRIEIS 150 MPa (15.2 kgf/mm?) L XE L K B,
¥ =BAAROFHEMIRIZIE 0.078 mm £k 3, F MU LBE#325C., BEEME
1.0% EThiE, MAAROTHIENIRIZIE 0.91 mm (&, BFIEH OFHIRIB L

101 MPa (10.3 kgf/mm?) £ X &L BB, ¥ HBHEBROTHEMIRIEE 0.18 mm & 3,

@) MAFRADREFEHT I EVWIRRIR., KABHHEBRICEVWTHEEINTVWESHEWIT
<. Kings BHOMRENDRBRTHREIAT VS, SROBRTICELY . ARENED 5.
RIHAL 72 FRBIMHE WD EVWIRREBHEN ., ChOoDBEREREEAD L. £XR
TCRED 2 FREDRICRET 3 MASANBRRE F UREBES Y TN TRELTVED
NEEZS5NSB, ‘

8 (117)
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HEEM 3

=1 FRUYLBE00C. BETH.0%DBENHE & BRHEE
(0.38» 51.30% T) ‘

5 (N/m) WA (Nim) | X-ZfL (mm) | Y-ZEL (mm)

RS EOE 66.4 -0.38 0.040 -0.00028
FiHfEE by ORMS 126 80.4 - 056 | 0.095 “
l FHEAIRIE - _ 0.79 0.13

F£2 FRUYLEBE200C. BEEY 0.5%NIZENHE L ENMICE
(0.4¥H 5138 % T)

[ TAnam [ ehom
AR EE 50.4 -2.1 0.031 - 0.0013
n EHEE H ) ORMS 189 48.2 o.‘go 0.055
S EMIRIE — - 1.27 0.078

£33 FMUYLEBEIRST., EEEH 1.0%NIBENHE L EMICE
(0.3%H 51.38F T)

#H (Nm) | 870 (Nm) | X-ZRL (mm) | Y-ZE62 (mm)

I REEE1E 62.9 8.4 0.039 0.0052

TEE H ) ORMS 130 787 0.64 0.13

SEHEAIRIE — | — 0.91 0.18
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e’ 3

0

SN

yYyvvyvy

X1 EBESYVORHIREBITET IV
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mERHE 3

—_ 0.8
N
% .
=
g -
@ 0.6
{v] s
Q.
X
D F'
o] 3
[1}]
S 0.4
1]
E I
[*]
z -

0.2

0.0 . .

0.00

0.20

0.40 0.60

Nondimensional Distance, z

2 MBleani-T—FK
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HERH 3

/A/U//@A////V///» \\\\\\\\\@A\vw\v\
NS S S SN 77777777 7 77 74
NS S SNV /777777 77 7 A4

N NS S SNV 777 v9%
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TH32E4%EZB LT, Y IOBEEREME /NS A — 4 & L RE—IBEERIREIRER
odY . ERTREE Y T VEROERTEMORR (BAGERA) 25HMET 5.

2 BIRORR

SBREETY T ILiE . 100% B IS HRETERICEH{IEL . ZDR 40%MERFIC
FIRLAEBDEEEEINTVS, 100%RAREBICEVTERIBEL TV AEETRE,
FORODEIERICHEVEERBEIBITIEEIASNZZE,S, Y VOEFKRE
MENSA—RE L THRE—IBEERIREBITFER L 1z, BRIBREBRTREERE
MISSA—RTEIEBLT, F N YILTREEY D VOBEERBBUICBU AT T IVERDE
NIEEEEEL =

BRAF O — NG ERREREMEMET D — FSPLASHT & V) . BTIER. BT A v 22,
AR EF IV I hEREE 3BER— & Uk, RBEICTHAICERL 40 % RERBO
BRAR DRSEZI IS 12 . SEATHEE C BERTEMD, SHIMT L TAr=2 psec & L7

hESEAE LS 34T, 100 %HBREICOVWTIRIBELANDT, I T 40 % HEIREE
DG ERT |

(1) HEDBEARSE

40%3 BB ER(485C)
vl YRy WA ST v 2.17 m/s
F NI LBE p 836 kg/m3
EhFGER I v 3.00X10-7 m2/s
L1/ IVE Re 7.2X104

BTmEs - EBRE pv 1800 kg/m2s

SN RBEOREL. BEREE—T L LTRBIBORE, SEE L%,

1 (182)




PNC PN8420 96—-040

HERE 3
(2 BERY L

HERHUR SHE m 0.574 kg/m
BEES h 0.5%RU 1.0%
EAREHE f INTA=2ET B

340 % FRESDRLY 1 VO FHERIEEAE
3—1 R

BEFVIVIRLTHS ENFIHRT. 7 MU ILBRIRE L 7240 % BIREETO
ﬁI»%ﬁmmgﬁﬁt&ﬁﬁﬂﬁmb%EETétw\%W—ﬁ%ﬁ&ﬁﬁﬂﬁ%%ﬁ
UZoo RERMR T 7 o VBIBRE O BEIRAE (ER40% MR, SEI#BE485C) &L
Too BEARTIE. #DHAMEIZOm/sE L. 0.01 ?’L?’J’H’C-/'/ﬂktzﬁﬁmo)ﬁﬁﬂ (2.17 m/s)
¥TLEREE 1,

40 % BIKRET 12, ﬁ:w#@éfﬁétTﬂu*ﬁﬁ%#$éut%iéné &
»o, FREBEEIRHEER 248 EE L THEENE05% &Lk, 2hid. T
MEVWEEZDREEBROEABEICEDINTWS, £/, BEHI485CHERMET. IBIENE
<, BLLREOY 2 VOBEHEIRESIE. 253.7 Hz (FEEBDE+*ERT 3 £240.5
Hz(C#EX T 3) TH 3,

3-2 BHRR

40 % FBEME ORI EREW/NS A — Sk, 1

ﬁELd=0.86 (1)
| 2m.0
k.=—5= =044 2

EBB, TIT. f IMEOEEREES. v GHE.  SORER. n LEMESS
7V DEMER. 5, tPEOWBRELETH 3, T, ASMESI - KIS RENTVS

IASME Boiler and Pressure Vessel Code Section I, Division 1 Appendix N, Article
N-1300, ASME, (1995) ‘
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WERH 3
MAFREDIREIABHLE % 7= (G4 & h 5 4

¥

f%<u> | | (3)

%ﬁﬂb\ﬁbﬁﬁcém%tﬁ%MEU&mﬁﬁuﬁat%iBhéo

F1 &2, T zNDORHBREBHBEDTRELIEERT, BTERE. 1
0.1 BICHERMNEIREFE & 5> T3, MAFADIREIBILKI 240 Hz TH Y . itk
HEUR*ZR U ABEERBBIC—BL TV 3, [SENFIEERICT > ~0BE (0.4%
P 50.8%) DWELEMBEERIICRT. BETRMABHELIZ0.012 mm. BH
HRDEMIZ0.0017mmTH 3, FHEETHYOZETLHE (RMS) BHEAHHER L
0.041 mm . BABENDEARIE 0.016 mm T 3, FHEMEEERD 3 & . BAHMEI
14£0.058 mm. #H/AAMICIE0.022 mmE & B, ERRIEEH DB, BABREHIC.
7 TIVERED 1% (0.1 mm) MTF &L > THEY, +HIT/hE W, T, 100%FBEADRE
ﬁﬁ%tituyﬁﬁﬁm®ﬁﬁﬁ§b<$ﬂ76ﬁ§wﬁ5n&moﬁof\ﬁﬁﬁﬂ
DEBYEREIGAH SN TVB EVA B, Chen2l L hif, B DRSS LA
w\ﬁbﬁﬁwﬁmh&ﬁﬁiibéﬁé#ﬂﬁﬁ*ﬁ@?ﬂﬁm\HEE&®1%#5
2% THY . FERDERIE, ChEBFELTVS,

ﬂ*ﬁﬁ%#c&ﬁ%%ﬁﬁﬁ@?ﬁﬁ%u 6mmm6m%mokﬁtﬁﬁén
B, c_0)1E(;t+6N~_/J\é <. "lebtu}af"’é‘:ib SEDIHDTREVEEZIBNS,

BE. BT, TV EROBMENERRMABL > TV LPREAh,

EEIWO [Hik— —HEENENIC B A SMEENEALS] #EETES & L 5
3. BERDONEENEM TH - THBRYE VLB,

4 BEOBEELBE L ABESY £ LOER BTN & TUSEEO kR
C4—1 mRiRRe

PRREE 3WIC T, 100% FBEFISEES Y T LOMSHREGSICES L 2B E
UCTWRTREMENREWZ EWTRENE, £, DROBIICEY ., 2BOLEWMESE
TIIVCELUBICHIE, 0% RBIRETHEFHNE, 2BOERICES LAV &
RNl TIT BOEMICERAMEEL. Yz VOBEERBEIETLAE L TI0%
MBRGETHBITEERL -,

25-S. Chen, Flow Induced Vibration of Clrcular Cylindrical Structures, Hemisphere
Publishing Corp. (1987)
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HERE 3

lw@@Tb#%kmmﬂtE&mgwwﬁuEﬁé ﬁszIEﬁﬁﬁ&A7x—
FELTERTHEETILS &, u"mﬁuwﬁ?&f#% ELLO

B|RITTIE(S) AXADB
r—21 0.86 (253.7 Hz) @éﬁ:wm@ﬁﬁ%ﬁuﬁ%?ao
=22 1.10(197.3Hz)  HHBEREFRE L EVERTIE, ASMED— KT
| BRTIEE1IOUTASEECEVELTWVS ((3)
;Q) Qo
r—23 1.20 (180.8 Hz) MAAEIRE D FRIA T 2B DO ERITHE,
r—24 1.30(166.9 Hz) MOFRIRE D E T 5 &£ 2 5 h 3 ERTIE,
=25 140(1550Hz)  HAAHFAREBIERT S EE SN B BRATRE,
—26 150 (144.7Hz)  RBHPHBEFEECERLALE (ZBHBEH7mm) O
o EHEREBICHIS T 3 BRTIOE,

SHERBI CREMIAE N2 &, £LBABOSROTEL £ OAEMNT 3 ERY
552 ERLTREENE 1.0% & LELT O — X HBHF L 72,

r—2X7 1.25(173.6 Hz) MABEEREI P FRIAT 3 L S h 3 ERTHE,
—2Z8 1.50(144.7 Hz) T=ABIRBEVWTHEERDA£1.0%E T 3,

4—2 MBEER

HFERT E5Y. H1»5E16ICS — 215 5 4 — RBORN LM L BHHRE
OB ERT, e

A BT RES LI WA H AT AL

r—=x1 34 1 X2
r—Xx2 - =3 (X 4
r—23 5 X 6
r—2X4 [ 7 4] 8
r—25 X 9 10
r—2x6 3111 12
=27 13 =14
hr—28 15 E1i6

3Roger King, A Review of Vortex Shedding Research and Its Appllcatlon Ocean
Engng, Vol.4, pp141-172 (1977)
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HREH 3

BEDEIERE L 548 (0402 50.8%) OEELEMIEEEE 1 »5EBICTR
To ChODHEREPRMEE 3HORR (100% MR, 200CE M TREEH1.0%E
0.5%M 2 r—2R. 100%HE. 325CEETHETEHI1.0%ND 1 45—X) 2HheTHI7
WCHAFRERLEHHIFOEMLERT, BROERY. HHFEOERNLIREIEL S
RAE TS TVWBBARTHEIS, EREOERBREBALTWVWS, #->T. ZZTERL

leRDIREIEER L. MABFROBRNEREBEBRL TWBEEL5N03,

4—3 HAOKEREOEMSESEE

TRSSEEE . ()R TESS N3 BRTHE L ERTTAIRE (TARIEA £/t

NERITHRULER. Ad) OBFRERTRITH S, ZREREIRICHV 3 TREEEE
DERTEEETESTF— 23, ERIRBBABR. KrBHEBRER (hRHBESE 3 B4
BEHA4) | KingtDERBRETH 3, KingDERERX HEIRMIT, YUBESY 1
WERBH>TVARY . RHBBNCS  OXRBHRBRENOBEBICESWT, MAFEIRENIS
125< 0 <25 TRELI=2I TRARELE B EERRT VS, Chen(1987F)id Z NE R
TMABLEIREI DML S U TKingDBER %#5|AL TW3, COHRICED & TRGSH
BOREICESWVTUTEREL £ |

(1) BERIBV G IREY DRI ERTTHRE £1.25¢8 T 3,

(2) BRTHIEN 21D E LB RTEMIRIBEIIRAMBEETRT .

(3) BRTHEN2.50 & EICERTEMIRITIZOCIET T 3,
ES5ICHBDES.

4) (NP S5B)DIREERTRETEZZIHNDET 3,
W->T. BRUREDN21D L ENBERTEMIRIBOE — 7l ERETIIE. THLEE
HIZRES NS, EROMREIZL hiE, TAIRBRBEM/ST X — 28 CEFL2,
K-oTITIWDBEBFECEET S, VI NOEEESFMAOAREEIN KEVW £ 5F
BLT. LIOERZ 3ROSR (BIEFAT. KAEBER. KingDER) 0FFhREs
el 71N

(5) BEEtT T VERTHRIBIEL B RTEMIRIEE — 7{HI301E T 3,

HIBICHNIREIVETFER &, CCTHRELUATNSERRETRT, BITERIERE

HH1.0%£05%& LAEEBEIREN TV, BEEHI. KiRIERE (0.1mmilE) 2k
1.0%. /MRIEERF (0.1mmIAT) 1I2130.5% &5l h 5 (PRSREEIBHEER2) .
ZAIRIE0. imm (BRTEMH0.01) UEICHETIRANECETNEERIIERLY
WZEDS, BEEHI.0%DBITERISBT I EIMEYTHD, TITHRELAET
M ERE IS EREER1.0%DBFIBREECHIBLTWS, A, EBRTERHF0.012

4R. King and M. J. Prosser, On Vortex Excitation of Model Piles in Water, J. of
Sound and Vibrattion, Vol. 29(2), pp169-188, (1973).
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BERN 3

5002l TFiIchEBdE T WREAFEDBMHEDEBENBEND 2HIC. ZRTHEBFTIRE
BEEBRICFMETIZ&ICh D, T8> T, EBRTEMH0.02LUT Cid 2 N ENDSFES &R
U2 TEMRWICET T3 e ThiE, BBRETUCERRARUERER E—BKT 3,
19 KRR R E EMICERE 2R T, KABREROEeM/s (ERTHE
24) UEDF -2 3HBRICAWER TOERBTREMATERLABEB»SEBSNT
WBZED S, BRATAE2AUTOREREB V2, BE L AEMSERR IIBB . KK
BHBROBEREMIEL TWB Y, KREIRBRO Y T VB —IHF Ao TWEWED
BEEHIZ05%RBEEAONZIZ L, EHOLWVRSIINMILIBBRTHEI I %
ERTIE. BRAAEME - VERAEZHICHREINTVBIEELSN S,
BF20ICKingDEEEBR EBHE L 2 FUEERROMIEE R T, KingDERIZAEmEH
TARBICERIICF. BEEMAFOTINIZYLAEERELAHOTHY . Bt
FURBOBMIFE—X > FERAEL. BERBERL S &ICE > TEBEMERD TV
B, MEIZ10» 5201 > FEBHLTHY . L1/ IVEIZH1,0005 510,000F &R 5h
3, BEM/INT A —~25°0.38£0.820NF — R 3/KEH SREH /-4 FERICEHE %0
U. REMNSGA—22FLEB DD TH B, TH-REM/N5 A —425°0.60£0.94D
F—ARBKUEEIETREM/NT A -2 5 TEBEHNTH D, -7, BES
VIIDEREFEZDBTLHRIB LAV, H20ICRTLIIC. BBROFEICL-TF—2
WCESDENH D, BUNETHEIL., 4RXOERT — 21X L TFEHINLEERE L > TV
5. BREESVINOBERER1.0%D EENREM/ST X —20.84(Z LEEAYEV0.82 &

0.60. 0.94NFERICHICE ENITEMEEBREIE, KEDDRELLE->TWVWS,

H21IZ 3 X182 SEH20NETHRRERL TWB, HE L ATMICERE X, BT &
ERDPSESNIMAEHLIMNCHET L TROTW3B, BRI LIREIORE FTFERMEICD
WTREEREEEZ. E—VZNICEALTRPPAZDNDEEEAZEEAOND,

CCTKRDABMUSEHRR G, RFEMBISEVWHNDEEZD N, KEBRBICBLWTI
TIWMZY =R BN ERY. KingDERD k,=0.82% 3 L\30.940DFER & DD 5
BPRREDEEAIOSND, TIDZEERISBIBICEZIBIEOBET I EVIEHA
PS5, SCTER L ATMEEREIOE - 7EE/NE L& (BRTE— VT4
0.075) PREELFELTVATEEM D H D, —FH. BEINEL EoTWEETHIL,
E—-7@%2KE LASESH (BRTE—-VZEN0.125) bBETE3, Th5EHETH
. B22ICRT £ 5IC, E—2fEE LT0110.025BENE R £ 3 LB EER
60

5 :\DEHAH

() F MUY LERFREL - & EDERRE (40%HE. F b)Y LIRE4SST) T
HYBVMRELREE Y s VORF—EESERBTERBL 2o BRERIE. 7z ILOS
ERUNNSVWI EEERBLTOS5%E L, ZOFER. MAAEOKRIBIERT 2RER
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HEREH 3

HEShT. £ HNERE. BHEMES CTHTRIEERY T VEED 1% U FHo

foo 0 T 40%MARASIZ AR L IREIRE L A VHRICH B Z EVRENE, 2D
L%, ER(TERER IS O TIIIRIE L 6 GPa (0.6 kgf/mm?) TRE L +HTNE . EBOER
CEELAEWV, 2T, YIFRETRETHNIL, maﬁlﬁ%m%%ﬁu&u%ﬁ
HELBZEREWEEZD N B, |
(2) BEETY T VERHHICEREBEL. 7z VOBEFRBBHET L LRETORSE—
WS ERIRERAT R L 2o Y T VOEERERE/STA—2E LABIFICEY . ER
mﬁtﬁxwﬁrmﬁﬁwwﬁé?ﬁbtomﬁfﬁmmmwiﬁ#%t BMLTH

HBOBEORBIBRENTVWAZ E#HBLE,
(mﬁﬂﬁ%%ﬁf%t*ﬁ%ﬂﬁﬁ%&vmmwﬁﬁfiiﬁémcﬂ%bT TROE
REMICERT3TANEER 2 ER L. BB CIRBOBIRERTHRIEE1.25. &
REERIREFBAL & 3 BRTHER2.1. TRIREN0E LI ERTHEE25E L.
ZDIREEBETREL =, Tz VEEFEOTRES4BET LT, BRTEURED
E—-7E& L T0.120.025ENEEFATH BN THD.
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HERHE 3 |
® - 21 (40% e REME . RBIEM 0.5 %. 7=0, 86) MFENTE L TAIGE

MA (N/m) | 875 (N/m) ﬁjﬂir"@fi‘z(mm) *%777:7[‘12& (mm)

- BETE
TIMEE b 1 DRMS
FHERIRE
FHELIRE, B

| MABEEM(mm) | BHAFEEL (mm)
REITOE . 0. . 10.0006717

FHEE b 1) ORMS . . . 0.025

0.035

BARTEMRE . 0.35 %

]R3 T — A8 (A0%MBRM. BEER 0.5%. 7=1.2) OBRESNHE L EMIEE
M (N/m) | B (N/m) | MAFEER(mm) | BHBFEZEL (mm)
BRI 01E
FEHEEH V) ODRMS

BERTEMIRIE

4 H—24 (A0%RBEE. BETHK 0.5%. 7=1.3) DIESOHE L THISE
B (Nm) | BHhBEES(mm) | BHFEER (mm)

R
FI1EE b ) DRMS

FHEAIRE
R EN IR
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BERH 3 |
BS =25 (0RMEE. BTN 0.5 %. 9o1.4) DBEONELTMILE

TaA (Nm) |87 (Nim) | WA ELELL (mm)
PERITLE 872 | -2.41 0.018 -0.0046
FiEEHDRMS | 28.9 14.1 0.45 0.089
IR — - 0.64 0.13
R E AR = - 6.4% 13 %

26 4 —326 (40%TBEME.

R 1E

mh (N(m)

BEER 05 %, 7=15) DBEOHE L EHILE

#B7 (N/m)

M A FHRZEAL(mm)

BHEEZEAL (mm)

FHEE H Y DRMS

ﬁ/Axxﬁﬁ%

T 4 —27 (A0%HBEM.

e 1E

mh

B (N/m)

MAAEE(mm)

BEEM 1.0%. 7=1.25) DBEDHE EEMISE

BHhARZEM (mm) |
0.00091

FEEE H Y DRMS

0.037

FHENIRIE

0.052

ERTTEMIRIE

0.52 %

+]"8 T — X8 (40%MBEM. HEEM1.0%. ¥=1.5) DHEEOHEELEMUCE

| MAH (Nm) | #BH (N/m) | AFRZEL(mm) | HBAHFEZEL (mm)
(e oRMS | 217 12.8 0.37 0.067
FIIEMRE - - 0.52 0.094
R BRI = = 52 % 0.4 %
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Reduced Displacement, A/d
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EZLEREEN AT BRI N PR

1. WRERENEE A VBSEHMET R

RUCHERTI\VO L { DIERNEONTHR Y., COBRERREBBLAND, BEEE
THEEAT 0 0% T4 < 4 0 KRR THHRICE > 1o 2 LSOV TR £ A3,
BATICIR LTI ANC BB LEAEERA L. B SZEROSENEKE (IBBTS
C&élie, SO, 2REDEZEDE LT, SBLEREMRICRBLRXIITTHE
TEFEREFAL

(1) IR OEER

BHARERITEMEEE TH S "o, HIAUENS LA U, IGHIAREEEA K
[CLYSHRT aDEREEd a /dNEHEET I &I LI, AKDEFIR, 255TE
HOWMSHI

K=o (2a tana/ £)* *x[ 0,923 + 0.199 ( 1~sin a)*] / cosa (1)

fcfils a=né/2, {=a/D (a:ZZERE, D : 44D
ol3FFCH M/ Z, M:E!i(f%-—f‘/lx Z : BEFRED (2)

ZEC, PERRICES L& 3 hoEE%E,
O=0Ow X(Zb /Zho)/(zw /Zwo)
ICKYEELT SZT
Zy : FEEROEZEER U IIEREEICR Y 3 Bk
Zyo : RSTTERROUTEEL
Z., :AEOEZEERLERETEICET MR
Zwo : 27X PRI DBTEREL
Tdhd. BLVIEHER1 ICRT,
COKEDBHHXE IR, WENSHETINS O DHODIBSeEIcE LT, RE

BERTO— FF I NASEROTKEEZBITLEE L L, 20BTREER 2(a)~h)
[ZRT |
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2) REETHEEMHIROMNCA ORISR
KIEQEEIZWEZDHNEIHEC rom (4, TREICKYKSDT

Cnom =RXE (3)

ffEl. OISR HE AR DT REIDZELIRIE TH D, MR IIFBREL 2 ITRS
NBEZEA LT, o TIRELLOIRE S (SHEER 3 THRITIc L Yskbon TS,

RIELNSL WS TIIBMERF U S RCKBJIBENMELC B LB TFREININ, chE
FRITICEHE Y B S LIIBRB TR, KTOEBRERELLE LTS, BEREOERIC
MRIORBREDE WH Y, IEHECE/EHET SR ELEEDEMRENS, 100
Wi ERE TIIHRIBIKZ LSRG R T TRATIITE AV 26h, HEEHR 3 TEHEAL
TBRISEHRRRD=AAEELIINT LT, ISHDEAFEERMICHEET 3 A EEL S &
HY, BIITRTLSICLRE PRESTIREESATHEL . &, LIREZ1.
2 5mm, FIREIZ0. 75mmBLUPFRIERX1 mmE Lz

(3) Z=BLERICEET MMM

B4 VBB EZSERT—4 (CEAL TIE. SRS s
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EB5200CE485CEERBLT, 550°CE2 0 0 CORBRICKENLINS END
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T\, ICEPFIRIIERNICE > AHE (0412 50.8%) OWELTMSELEE ] IR

¥o BETHRMNFEENNIX0.012 mm, HHEEOERIL0.0017 mmTH 3, Tl

EhYOZRFIYME (RMS) RILHHFEEMIE 0.041 mm . BHFEDEL I 0.016 mm
THB, BMBERERRICEVOT, FHEEHY ORMSEvZ 5 L T EHTAIRIE &
K3 & MAHEEDFHZEAIRIZIZ0.058 mm. #5757120.022 mm& ks, BhLIL,
T VERD 1% MFER>THY, FHINEV, 100%HBEMEDRE E RE 1) . #
HBEEDREHE L < SMTSBERERS hiu, |

ASMEZ — RF2IRENTWBRNFADIRE AR 7= (281 & h 354 . Bk
MET EREMNT A =Sk, PRODREGROVThPEHETIETH B,

v

NL

<10 (7)

<33 #»>D hs%%§>12 (8)

V=

N

2T, f BBEOEEREN, v EHE. 4 GOBEE. n HEGES5AY) 0
MEE. 5,13 MEOHBERETH S, REFORLEELAT L.

7 =086 | ' (9)
k, = 0.44 | (10)
ThY, BXRBLILEVIT)REBEL TVS, #oT. COBIFOREICENT

. MALRICEBNGREIELC A VERICH 3 EEAS5 N5, SRICTHIRERED
AR BAFREHICT T VERED 1% (0.1 mm) LT E+9I0/0E <. REHEMSI S h

2ASME Boiler and Pressure Vessel Code Section Il Division 1 Appendix N, Article
N-1300, ASME, (1995)
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TW3BEEA S,

Chenic & MBI DO RIBEMED I LIas 3 }MJZ*TF'JZEELO)'FBEﬁE (threshold
amplitude £ & 5) &, ARERD 1% »5 2% TH 33, T4bb5, HHHEEMYF Y 1
NVEED 1% H5 2% %A S CHBRSIEMLTY I VOREICh > THEN R
Lt MAFRICERNGIRBIYRETIERE L 3, R1ORBRIE. ETfH
threshold amplitude 2 FTEI> TW3 Z & #/RLTW3,

ZZT. B REBHTAHICAVATELTRAIRMAETHS EDEREFHEITL T L
SPERRT S, H7. H8. HIICRAAEMAFAZER. AHFALLEE DRLIE
%, @10, H11, EH2ICRBH /D HAEM. BHFATEEDORLES. 2h2
N, 04BHLS05BETRT, SIS HELTRIZIZIFFRUCAIBTHEBELT
Y. FEDI zVRFAASHNIE— FBIRICEGIT R OB BRRYEEZ S n
2o 2L, Efusthreshold amplitude 2 FE 2 Z &7 5, & z LRFHAE DB R
EPBRNLTVWBRESN H2, ZOBRICHEMAEL I SICNICERL O, BT
fLdbh&< i3, | |

(B)RXEAWT. FHEMIRIEL 5 BT 5B (F IS H DFIIIRIE 1 6 GPa (0.6 kef/mm?) T8
BERDeonD, COERBFHCMNEL, @%&ﬁ:wuﬁﬁéibéﬁ6%®1u&m
EEALSNB,

5 fam

TR LRRIREL 12 & EOBERIREE (40%FHE. 7 MUY LIBE485T) TEE
BTV T VDRG—IBEERBREERL £, BEERZ. Y VOBETRINENT &
EERBLT05%E L, ZORE. AAFRDTEHEAIRIFI0.058 mm. BHHBE
0.022mm (MARESLTTNVERD 1% UT) THY. EERAFAORS ST 3
BRERShEWV, #->T. MAFADEBMEREEREL LV, D& E, BT
\FIST DRI 6 GPa (0.6 kef/mm?) BEEFHICNE . 2HOERICES LA L,
W->T. T BEERETHNIE, 40%HBIBYUDOFEDICE VIBEFrECET &1t
BWEEZ BN 3B,

38-S. Chen, Flow Induced Vibration of Circular Cylindrical Structures, Hemisphere
Publishing Corp. (1987)
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BE\RH

R REEN05%DBENHE L TLISE (048 5088 ET)

iy (m) |87 (v ﬁmgﬂfﬁ %”ﬁﬁ?ﬁ

R

18.0

-2.53

0.012

-0.0017

FiEEDY |
MDRMS

FHAEMIRIR

LRI
o JVER
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2ERH

3.0 er—rer e e et

40% Flow |
h=05% |
| f=253. .
20 53.7 Hz
G| d
E I
e ‘ 4
] 5 J
g 000 AV AR YA A T T A AV IV A
2 ]
0 9
-1.0
-2.0 ]
.3.0 i PO Y PO S T PO S T Y bl 4 PO S S Lk okl PR S Y — L-
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80
‘ Time(sec)
1 MAFRZENOBLE GREER.5%)
3.0 r—r—r—v—"—at——r— ———— T —r
[ 40% Flow ]
h=05%
X f=253. 1
20 253.7 Hz
T 1.0 i ]
E ]
E -
QE) .
5 0.0 s T L VWL o SN v
[&) e
o J
o
Q2 7
(=] 3 ]
-1.0
- 1
-2.0 ]
-3.0 ] P S S PR W Y N S S P SO Add Lokt L P S PN
0.00 0.10 10.20 0.30 0.40 0.50 0.60 0.70 0.80
Time(sec)

M2 B|BOAFEENDELIE (EREL0.5%)
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BEFH

400.0 LA B T T LA Bt aae T T Ty —r— T
9

]
40% Flow 1
[ : : h=05% |
300.0 | ‘ ‘ 1=253.7 HZ "]
200.0 :
1000 | ‘
: w .
2 00 | A !
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-100.0 |
-200.0 |
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4000 Lo o b e
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80
Time(sec)
B3 mHoZE CGRETEE0.5%)
400-0 L L] L] T T T Al " LA L T v T T Ll T ¥ T L] Ll T T T T T I L T T T ]
- 40% Flow
[ : h=0.5% |
300.0 | 1=253.7 HZ "]
-
200.0 f ]
100.0 :
E
£ 0.0 e\ A fnonc
= RAAVELTAY
-100.0 | :
-200.0 | ]
-300.0 :
' ]
-400.0 [ y TR S Y S S S | DU W ' I U S T Y S S T U S I IS S W | TV S W 1 ]
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Time(sec)

4 BHOBLIE (EIEER0.5%)
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[ 40% Flow ]
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20 5 {=263.7 Hz -
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"§ Y o R
] [ i
> [ i
1.0 | i
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.3_0 : i PR S A . PR W T " L PE— L : " —
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Time(sec)
5 MHARZEMEEDBLZIE (REEMN0.5%)
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[ 40% Flow
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zmiﬁﬂ%$vhuﬁmmt%ﬁ-ﬂm%mETWWm%ﬁmﬁE
| ‘ ER84E11H13H
ByAE F

1. ETEAE
2&E@H%$vbvymMﬁﬁﬁwmmm%%%?@%mmﬁ%
5.0m/s%*55.2m/sICETIET 5, R

2. ETIE#EH

KIRIZBIT 5 100% BN I BRI ETHEBRDEEI325C & LT .
EM R REIE 374000/t S EH L2 A E=4278mh e L T3, B4
RAEABRIF D200 CHIR, 1006 BERERICBVTIZZ 04278 h % &b+
&L 7e —F ., BREF DR SIIRENEFMEIC V7 5B 12 DT i,
100%MERDEREETE (3740t00/) 225 F b Y 7 LBEE200CET O
EETHERELZ RS, BEWEHETEHLI LICE D REEEE L7
OIEVHEL 72, B, hOEEREOREIZOVTL [ CZE X HTik
BEREM LD, 72F723a— 0 FL 2 DEBEIBSTTHo AVAT SR
L7z E2 F O TEICRET,

3. ETIEE S

1) ®OMT /FREER [HMAENICE 2EESOERBICOVT (HRHE
TR 2H) —100%MEBREOERIT— ] 12X 28ERE

PUI 7 B IR AARIEATN3~ 5% 8003 2, R ETIE B 42 0D 2640 4
Wz R 1 ISR,

2) 1 O0ET/FEEER [FHMENICL 2BEFOEHICOVT (B
REFE4R) - SHBEELBHBICES T CORS— | 10 L2 HER
= .

TEETIERIR THE L7 SRER, Y 0oBRIEA—THY . i
LELETOERONABMIEBIIEE X2 v, &5, 4H DI
TR HR S SRR EBORMOELLBOL D& EE L7,
TLERETIERI#2 DFEMT I % 3R 2 12FR 7,

3)%12@T/F%€§ﬂFmem;%ﬁﬁﬁwﬁﬁuowf(ﬂ
) | ICE2HREAE
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RRE FHRBRROEEEIIHSBENLT 2, FEITERRD
% BIR 3 12R T
4) B 13ET/FREERER [KHESYHIRBER (202) |
WX BHRENE . |
IRFEHFEERRER (£D1) TIZ100%H Y H % 5.5m/s TEH L |
(2D02) TIE5.0msTHRERZEHL T, 1ZIZRABE 2 S5 ER L (=2
BV EE S Nz SO MERERDOHHIC H 2200°C &5 7B O S
52m/sTH2HEHIL, MRBRERICEEENTBVEIENEICHE 2
Vi, TLERGICHETARBEEROBBKMEIZ OV TORMAEE JIIE 4
IZRT
5) PREETIEICfE ) BEIZOWT
ULl ~4) ITRL-EBY, MEEEICEIIRIIEE 0Z 8138
PTH Y, HELIBEA D AL HIERE R EE2512200T
BV EHIETTE B,

p= {111
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T E DRI DOV T

mBEE (C) mE (m/h) (%) LEZ AR (m/s) Rz 58
A—J)VRLF| wy hLY | =V RLZ| sy FLY s KRk
(HEE) (fRbT &) | (GHEM)
4278 4278 5.0 52 | EEEERE (7400nh) BT Y Y ARE
200°C 200C (100% ) (100%) 200COEETCEB L., BBEEH4139m/h
' t ti.' D fCo , '
4278 4278 5.2 52 | EREERE (740tnh) H5F kY AEE
325C 325C (100%) (100%) RSCOFEECTHRBREZEE L7245, 3—V K
' L 7BIDBEINITCTTCHo7-DT—FK L7,
* 4278 4474 5.4 5.4 EREERE (3740ton/h) 25 b Yy ABE
(325C) 485C (100%) (100%) 485@@%}%@@%%:%%%&& L7=%5, a—J H
V7RIDBE®32SCERRZ L= —ZK L7,
4278 4500 55 55 - |EWREERE (3740tn/h) 25T YUY LEE
325C 505C (100%) (100%) 55 COEECHARBREBLEL LA, I—V K
VIRDREHAB2CTHo7=DT—FHK L1z,

IHEER L L TERLLZD, -V FLIOREENSTERLRLAZEALTH S, (EBTIIIO LD 2EEL M idiE.)
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BOET/FAAEH TRANICLZREHOREHCOVNT (FRBEHE2H) -100%RBREDOBRF-DERR

ATIES PR

BT IE R

FTIE#R

- W' 3 P.1,ITF3

FE (5.0m/s)

FiE(5.2m/s)

0V0—96 0Z2V6Nd ONd

n P.2,1.8 BARHES-VOHBRBo vV 1235 Frid- 4 —
4,500kg/ms 4,500kg/ms 4,500kg/ms |4,300m/h 4,300m/h 4,300ni/h

" P2, 110 |HEABE—RICLT FEABE—EILT

" P.2, L11 |BUEBENUYOHRER “*Eae

" P.5,1.2 ks=0.42 ks=0.54

" P.5,1L17 0.046nmm 0.050mm

" P.5,1.18 (0.003mm) (0.0014mm)

" P.5,1.19 0.071mm 0.082mm

" P.6,l.2 1.56mm 1.62mm

y P.6,l.2 0.10mm 0.12mm

" P.6,l.14 ks=0.84 ks=1.08

" P.6,|.22 1.23mm 1.29mm

" P.6,.23 0.094mm 0.102mm

" P.6,1.23" 79% 80%

" P.6,l.24 93% 89%

" P.7,1.8 0.91mm 0.94nm

" P.7,l.9 0.15mm 0.18mm

[Ef

/

g
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FTIE A

STIEME A ATIE#

" P.7,1.14 1.56mm 1.62mm

" P.7,1.15 0.10mm 0.12mm

" P.7,1.15 1.2 3 mmmn 1.29mm

" P.7,L.16 0.094mn 0.10mm

" P.7,1.17 0.9 1mm 0.94mn

" P.7,1.17 0.15mm 0.1 8mm

" P.7,1.18 1.56 1.62

" P.7,1.18 0.9 1mm 0.94m
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2R 3

FES5.0m/s

R1 BRENS%HOBECEHFELTHOHKE (0258, 5118 T)

whH (Nmy | 85 (Nm) | X-ZfL (mm) | Y-Z6E (mm)
BRI 1E 47.4 3.1 0.046 0.0029
FiEx bt
O){ﬁms 215 47.4 1.10 0.071
T RIS D
s -~ - 1.56 0.10
FoES5.0m/s

®2 EEEH 05%NEEOENFTELENOLKEHR (06¥051.108 % T)

ol

#h (Nim) 1875 (Nfm) | X-Z4L (mm) | Y-ZEGL (mm)
LETi SRS S| 471 4.7 0.045 0.0046
FiEE DY ,
DRMS 214 41.8 . 1.10 0.062
ZLRIEO - - 1.55 0.088

FE5.2m/s

£1 HEETEBOSUDIBEOEHFELTEHAOLSEE (0258451185 7T)

Y-ZE4I (mm)

L (N/m) BhH (Nm) | X-FTER (mm)
BRI I9ME 56.5 -1.65 0.052 -0.0014
FigEiz by ,
DRMS 225 53.9 1.14 0.082
zgggw - — 1.62 0.115
FES5.2m/s

%2 HECHOSHLOBENENTELTHOKEE 06H,51.108%7)

nH (Nim) BH (Nm) | X-FELL (mm) | Y-TERL (mm)
BRI 547 -1.87 0.050 -0.0015
EHEEHY )
DRMS 226 60.0 1.15 0.089
ggggo) ' - - 1.62 0.126
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2 BEAH 3

FHIES.Om/s

R

R3 BEEB1%OHEDENTE L TRHOLEHE (0258, 511 7)

MnAH (N/m) 157 (Nm) | X-FEL (mm) | V-4 (mm)
BEEaE 46.5 8.4 0.045 - 0.0079
EHEE b
DRMS 173 40.4 0.87 0.066
igﬁfgm - - 1.23 0.094
FE5.0m/s

T4 BEER1S%OBEOENTEETHOKER (0.2585 51152 7)

7 (N/m) B (Nm) | X-ZEf (mm) | Y-ZE6L (mm)
BSEIT{E 54.6 -6.4 0.052 - 0.0058
FiaExbt)
DRMS 132 58.9 0.64 0.10
Egggo} . - - 0.91 0.15

FiES5.2m/s

RI3 BREBI%OBEOENHEEENOKIHR (0485511852 7)

7 (N/m) 187 (Nfm) | X-ZL (mm) | Y-ZEGL (mm)
LET TSRS ST} 525 -1.04 0.047 - 0.00084
FigEEHY
DRMS 184 525 0.91 0.072
igﬁgw - - 1.29 0.102 -

HES5.2m/s

T4 REEH15%OBEOENFHEL EHOKER (0258551182 T)

P91l

7 (N/m) #B7 (Nm) | X-TERL (mm) | Y-ZEE (mm)
BRI ioE 63.0 3.7 0.056 0.0032
TIHRE DY '
DRMS 138 74.4 0.67 0.013
RALRED — - 0.94 0.18

0v0—96 02V6Nd ONd




(95¢6) 8

F28 REREH 3
Z A ZE%
F# 5.0 m/s ' ¥ 52m/s
- 600.0 ™ T l
600 § H
400.0
- 2000
s
g
° 0.0
3 g
§' -200.0
4000 - 4
400 |
-600.0 i
0.0 o1 02 03 04 [+1] 07 o8 08 10 1.1
mo.oo 020 0.40 060 080 100 Time (sec)
Tima{sec) E4 RHOKIE (RIEEN0.5%)
e . 0 i °7
FE 5.0 mis B4 RAODHUE (RFEER0.5%) b 5.2m/stmo MHIREBE 4.7 %Mt 5
800 il : 400.0
400
| 5
200 } g
Rl 000
400
! -600.0
00 0.1 0.2 03 -04 08 0.7 0.8 [+%] 1.0 11
mo.oo 0.20 040 0.60 0.80 1.00 V - Tima (sec)
Time(sec) 5 BHOBIE (RREN0.5%)
B5 BHNHAUE (RREMC5%) | C BNRERARRNT 3,

070-96 02¥6Nd ONd




(LG3) 6

:2:8 WEAH 3
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6 MHAAEMOIE (BREN0.5%)
FEE 5.0 m/s
ZESER]
3.0
20
E 1.0
§ 0.0 '—*WMWM“MJ -,A,,',;‘v;‘%‘" '
2 .
> -1.0
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B2 WERH

3
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Pressure (NIm¥)

1
FE 5.0 m/s

Power Density
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