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vibrations of JPDR-II Fuel Rod induced by Coolant Flow

Motoaki OKAZAKI and Yasaburo YAMAZAKI

Division of Reactor Safety, Tokai, JAERI
(Received November 21, 1973)

The vibration of JPDR-II fuel rods induced by coolant flow
was measured with a dummy fuel assembly in water and air-water
two-phase flow at room temperature and atmospheric pressure.
The instrumented dummy fuel rods of the same stiffness, weight
per unit length and dimensional tolerance as the actual ones
were installed at three typical positioms in the fuel assembly.
At the center of the span between two spacers, four semi-con-
ductor strain gauges were attached on to the inside of the
cladding tube to measure the frequency and amplitude of vib-
ration.

In the power spectra of rod vibration frequency four
prominent peaks are observed, i.e. & peak at 8 - 12 Hz cor-
responding to the natural frequency of the assembly and three
peaks at 43 Hz, 56 Hz and 76 Hz considered to be natural fre-
quency of the span between the spacers. For the span of 540 mm,
the RMS values of amplitude (corresponding to the half of peak
to peak amplitude) of vibration are 0.03 mm at 80 t/h water
flow and 0.2 mm in air-water two-phase flow of 60 % void frac-
tion. In two-phase flow the amplitude depends mainly on the
void fraction in contrast to the single-phase flow case where
it depends on the water flow rate. Probability density and
probability distribution of the amplitude were also measured.

The amplitude predicted by the correlations of Burgreen,
Paidoussis and of Reavis are remarkably smaller than the experi-
mental ones. Examination of.the correiations revealed that the
discrepancies derived from the inadequate simulation of fuel

rods and flow path.



1
2.
3

7
8.

HE

gk 9T

EREE

At FEHAr ~-F

32 =1 o
505 HRENES AR
54 z~—y -

35 EHIHWUCHER

36 MTEE - -
WBEHY AEEARBOBRTE
41 HAFEE

8.2 EIEEL e

4.3 ggneBgonE ( E—FEVOBEG)
44 Feug—ra—F—sEPELIHRE
EREREL IR HE
51 EwHUE
5.2 Z#EB&EH
5.3 IBREROFS FE
HEHRL IVER
&1 kBN
.2 BERTOHRERMD
6 2.1 Burgreen®PHEEX
46.2.2 Paidoussis OFEEBI
6. 2.3 Reavis @ 3FEHEN
63 M TO®RM
64 EMOBELH AL LUBE
65 MhRIBZEEBD
b6 WHKOEFRLOHRE
6. 6.1 Burgreen® ¥ EBPRN L OLE
b 6.2 PaidoussiasD EHEX & O LR
b. 63 Reavis OERRX L OLE
&

HEDE

RN NN RN N NN NN

N N e T S« S T ¥, R~

Yy

I S S e B - R I R O -

—_

[LCTR + B o TS RN « U o SN v S

[ B o T N I



B e A AT A b s b R e et L

% HEr
B Tk
APDENDIE oo oo
1T B@EaEEORE
L1 BEEOEE
12 HBES—JOMBENEDNOIMRE
1.3 ks — v ORIGHER
& B APRMOoRSHOER
2. BB EOE LT OBEE

G W 0 W © W o~ ~

o o o oo O o o W

—



JTAERI~M 5478

1. # 8

KL, TPDR-I 7o v =7 1 « RBRBIrrAr -T2k T PDR-IHBRBEK
Kt 32BN BOEBCETARBRRERF IV TORTERL LI LOAIOTH B,

TPDR~T T, BESOKER KE< T2 LIRPBBORETIE 6 X 60b7xTCL.
BEBONE VRSN E » FHIBLNI Lk CORORBRAHOENAL LI >TOEHCIND
PEBOEDPE L 2 B2HFES 5L EXFHIN. B0 RKFICE T b REES S
HAN ke, BEBOERM., BT nBETERST YA nBBROoR/ D MEBHE, vy
FBEEECHLTESEL2ES BT 0 LELLN L,

PEBOEN., EHHCELIEBRFELTHROIONEL b b,

P E TIE ., BEIMEE W R . 2. THEOBEKE KA VE  BREDZD.
ﬁ%wﬁﬁﬁééo%ﬂ&%fuﬁﬁﬁﬂﬁ&-ﬂﬁmﬁ-ﬁﬁ%éﬁbmﬁﬁ-%ﬁ&%i
BB A~ —v —OLHRE - TREE, REBOREE - RSB0 FES L U RBHE
BrEnEL HO B,

WiFD & 3EK, KEOBRBAEARREEE 7 x 7 Pal4od L fBICKRMT, KEBHE
I K—BE R TOREY - BNOBEEFE»%e | 20OKHE, EHEMRESRE A
WTEHEBELABER LGN, -l A& Z2fiéz-%a L L, FBLARFATEHERLS
Bz brrvry -2 BOAEEBREBAL,. ChehApBEsBLE DT, F—UEib%
DA EDTYVELE. BB, FHLAZIN Y F—JDF -7 77 2850 8bak (H
2 )BT KERAFTHINBOh Zh R LR ED e DEFO—HCHMERTELNE
oo

TOB, BRARFHERFORRGEOREBORE AT T 220, REEBENEK Y -
STt AOREWHEGHS —vEBMLARDRRBERARBORHRB LN EHWARD
FEICH Lo £ T COEALIGALTIPDR-THORHER HERBNELRE
LTHREHTEEIT 29 L3, HACPFCEGLAABOEICE T I2XEROMEHERTYE
WL, FRORMSEMAT L L BNELTES T hoke A S L, BB FHER
b, BRETPz2~—4— 2% FT2EEEHLEo



O N

JAERI-Y¥ 5478

2. £ K D o FE

i} (1o

38 2 .
@ p Y quinn,

Wh I EATIC b A BOES AT LA L OICIE Burgreen, avhica,
Sogreah Wi L 78 Paidouseis V' @3 OAH D, MAK L ARSEMNOEEXEHL T
AHHOWiT Burgresn, Paidoussis & I F Rea.vis {13]@ oD ME L, Durgreer & Heavisa
CLORKEMFECHLTO O T b, Pridoussic © 3 OlkEEHE I KT TR
CEBETEALDTH A, CRNLOEPROETRIAMBEAZLIOENNOHRTHLLEEDR
Ao Purgreend MO A B L THEDE S LHER = 3 v F — B ELETHFEX L
The TAEBMMDEFELSET 2 a ¥ ~F G5 AP THABOKDERITHAT LHELTE
PFE AE LN T D, Poidoussis HHESFZIFEILTHBEDELTONTEIEEFTE
SO b i o, BARE T A E B, BN RIS C LIC X~ TR BEIE . B
%%0%%6C&K$bﬁ%Kﬁbf%%A%ﬁ%mb.%ﬂm;ofﬁﬁ5Wéﬁm@ﬁ%
BT BHELTIELChASEFER DI LEIN 28R THOEHNTERERALBRD T
Ba FLTT AT EEFMACEATFOPREBEORLE LT LAHN LTHRDAZ 1,
Reavie M CN b DO ERR THEL LN TL AR NHBTEETH A EELTHN &L TR
BRECEHT AENAEETHBENTOENDEBEHM LA, TLTHRKRKDLN TWS.
o RAT —RRT P A He TS, RRAIZNANBERT AHEOEORM SEMDEEM
LTk Caoreons 19 5o roudi P k7 Barewell 84D - 5 & O BCER L 0RO T R WL T AT
ek b, VLo THFEFINGEIAL, BERBRCEGHRED 23 e 5800 M
Bf Fde L UNIERN GO BE FOFRL D 2 020 w28 b aFEHALTVE, LADAT

Reavia RNEHLARBRN DL, ZEHEKECHES L UNEHBER &5 HIAMANOE
EEOHBIC L AEHETEHORE, 7~ —v -2 A e LETEE, TROETHE L
THAFE~NDOERL U BOBHELDMARPEFELZ ST TERLWITALUL TN S
LR B, BHHEOLCE LTI Reavie dBH LA 70 2507 -2 2 b 2 OHMABED
FEREFMHOTIREAE-BFTHLE LY INTE FARTWA, 2Ol s LITRLBALK

RM S Burereen B Quinn 10 Sograsn Ml r g Paviice Wb o tHiE A A
FKEMEECSITAEORNELEETALERHESTEEDISELL 42 IR 5, £
LTcomFSEudy, ( KDER) A (EBOEX ), O THEIETSLE Burgresn

Pevlies 2 L (X Quinn TOGERBICS T S High—loiss Level OIF & O BABH &

"

Sopreah DL 5 ZEHRBICHIT B Low—Naiae Leveld ikl "I HETE B L L
g%mmxb%ﬂﬁﬁmSﬁm&mt@ﬁﬁﬁﬁ%ﬁﬁf.%ﬂ%@@%ﬁﬁmkﬁé%ﬁ%
PR REME LKL HEHH ( TV I EHE LTV, |

b Rl BAEEE L AR KR T AU ROWME T LM, Lol ZHRECZ S LW

NOBHIE %L, FECENOEWED & bo TR b Bk I N E W 2 GRS T TR A

—7_



JAERI-M 5478
dE nRE LR AR KA PERLE DRELZ-TE (BEF-TWERTE
50~b0@2 ) RaAonbRETE LN BE s LB KR RANTHE T
AN TS AL EBBEIND, LA THBKFETE . mBBORIMER ZHATOR
BrN B L B EE LR By 2. TN ENORBOMRS HEE 2 HBROELD O &5 5
ZmTh, BYHRBNOS—-BEEOEERATT 202 T T+ T, HRBEBIC T2

BEBCOWITHTHR Y TN 0506885 5,



JFJAERI-M 5478

3. % s ¥ O

31 #HRAL-—7

WS R B s EE ((FAT -1 ) 2 Mk, chEHEroKeMits LUER~ KT
WKL AE[BOKEBFORBR Bt T2o0 L0 TEa%BET, RAX1 0k /' fE TF
HN% b ac e Ta b, Fig . 1IEFAT~TREOTS -2 —F T Fa

KEERTE 6 0t /b, BiE5 0nkiEof 2 yar 71008/ hx100nixknd 29
Do DELE Y TICL DIERE N e R v v 2 BRI L D 5 K THAES DA —

TIRE N be SEO0 SPEIBTEY, 2600 prf2HEF BT bo BRE
TREGHEAE RN 00Kk, k1 0k /ol g3 T LT 22 & T & 5,

VedE Lokt ot —F —FE S & @w; DIEGERA, 130 0mOoOEEABERBEETT =
PEIC A D, 72 bEADE MO EEAEEN AU T Ty, chickh 5= rRWER
NBHBDFEEXA VEEFDALEDNTE L, ThbH, TAPRAD, 72 P& 22 A
O, 2 LUF 2 MO FNFRVEFOHT TdEF —r A0 7 HEAEENBAD LS —%
BEST L ENI D, FRPEADEHDEEEEBCEL, 52 PB4 S EEFIHC L
SR TE Y. TAPERRFRA TV AKEE 2HEOF—2 S XL aTHLHLA Bn
— T, FRYE A A RN B R R — A T EEEECED T, FENTHN T AR
Gl o g — 5 —onvw — BT C ERL A R EF N T LERKGE s> 2B mnh B,
ENTHEINATLE A 5 v b EBHA AR R NBHF DT 5 s REO N g —
SR LERLRKE~HEIN 2, 2y sROKE X —2 70 - b RNEEREEBHRHGNCLD,
M- FERLENLEKEENAT 5, FAROMNES 48mx KX 6460 0mDKE
ZAOT, EHEKDGE Ly FNTRECHBIN A Hhor BRI T S TRAEKLKPHEI N

bHo

3.2 TA2LKMER

Fig.,204BoEw FHLAS 2 b8, JPDRI x7 P afitriny. chic
AN AMEBE VLY AERY reES— 20 WBETTECES D, 2~y 3 L3 = 4
T b ER—-2DEHLS 0 0mOE RUSEDOLAMNBI ZaH#EffTbh Tni, =
R =G DA TA PRI - — | TH b,

3.3 REHHATE HBEEBERERE

Fig . SICHE 5 M B RS o8 80O HI R % T,
OB R A1 2254200 6m, WETL232003mOgREHREICY SRS
WERBEE Y HO TEOCMITHE 2 EEO v 2o 4 ~ 2RWHETCE Y ZL LA, (FE
EHELOWTRAIHLRET Y34, ERORBHBLBIREILIOHFELTHFL TR D,

—4 =



TAER-M 5478

Mgt 1.12ig'?5um, ME 42120 1m, BEI20mOEEH~ vy b (HLET1L30
VEHALE

MEEps g rEREoRBEBLOLB R KT T,
EBOmEE

WMET(vahog—28) P 12250/Dxi# 108310

Uo,~ v » d 10711003070

srhed -20kE 655

V0,0 hE 1041

Lo THErEI NI EE(PALAL)=p4
ph= %{(1225”—1085”)Xd55+1D713X1&ﬂ1}(gr/m)
100 Kg om 1 geac

X i ) X {
1000 gr m 28 m

Y=0.112 éEge nact /nf

FABOBERBEEIR, yarsud ~20% 7 EEF E=10° K?/mm“‘%‘i‘é&

ET=10% x i {12254—1a85)4w-mx10-3.md = 4.23K3em*
6 4 _ mn®
BT B RS
WHE (Rgin) N 1223+0060/DXNE11.23+003L/D
L v b 1112 tg?s 0/Dx4.212£011I/D
WOHE 8.9

e ( ks, TrFEY,(EES) 113
Lo THEEILVDOEEPAR

k4
ph= —{ (1225 —1.123% I)x89+(1112% —0421% Ix113}
4

100 1
X x =0.1126& Kgeved
1000 98

A EI A 3HOMEHET, 414~427K.cec /pf . RICIREMEHHELEESY -
DT & A ERET, ZEObAT A FR AN —F —IC LB TFEREOHREEICH
W FZBBEENTEIC Y OBENRT ARG L, NETAIKOY ~v T, TNEN 25 -V
CEABEH#TAD LSRN THBRLE, ( Fig . 4B8B I LA MN-T. AAFROENT
h2NBEK, BB CLIMEINL, F -0l —Vigld, Y-y ECETHH~NV v
P EERTEHEINED D, BN Ly bR B THBE LSRRI VLI N 5o 7
ey bR ET SNy bR b EBAE Y (Tmg ) THBEBKBEIN TL 2. ¥
by — o R BBERBIC AT AICE Fig . 3RS h 2L o NI s mBAOL THRE
&ﬂ%bﬁmb.%mﬁﬁ%%WMImiéﬁﬁﬁﬁKL.KK.%%@m%@ﬂ&%LCA
T, ST 2 0o 9 0B TE T FTIC A B ORRE Y - b RHZBRAK
I b T oy TAaT VTR TS, TAMEMIC I ZRETE ET DFORELL, &



e

A T

JAERI~-¥ 5478
NEERTLEEEFBRO LV 7o v 22 —E@bii s, 20 LTHEBE L »LTHRSH
T2 Tr7 kb, V7Ios s PTRBES TR AN TERLL, EEE. B
CEHELRER T ALK, BEH L0 A blmn ¥tk L, HEE RIS
VHHEINAEY — P 8BmD A aaF v T 24 ¥ 5 — T ARERL, HiHvsrF o —
TEBEFTE = RAEFH TEE, 3RO LA, FLT., 4 — 723 eBESERTHS
B snF —F TN T, FE05 Pig.6lmTL 320 — FEREBE LM E&TE R
%@m«mmuﬁﬂﬂk.&%%ﬁ%@@%&urm.w%¢11QDiSfMSU827%
Bifg4 — 2% Rk, |

3.4 AR-—H—
Flg . TWCHRFICEH Letbd 74 v 22X =0 —DEEEm T RN - —[THF
RO HLEE 27V 7EERETALTVA YR LT, HuELr R QCW LT

— R

MITBZ e LI VEFFTERANCLOTSH 5,

3.5 EMITALRES

REMBW T2 AHOEUDZ s v F — Y ( 2HTODBTHLEATHDE ) hbLOEE
HEBEF T 8Eh b, FESLDOMPEERE DB I, SbMML, v x7 —
T EREMEERLEMNS, Fosra -~ L VST TS LA, TR, S0®
&, FIEK =4 2a vt wo v I 7CEHFL A

Fosra —F—KIDEGLAEED, PHbCHAL, RVEHFCIVREBPEMORY S
HhRbR, 3HNT —FRI M5 LTF+5AFCL VETORBEEAFETE %
CHLOEME T st E Fig.50 L5 10k a

LNV CABED X E4EST T+

(n  EiEat

B ELR DEe-DIH

e Pil 0.5~12V (&b 3VicHT )
K 100x167% urFaAhr
1 1TV (10K Q8%
h2 BmAly =1 5 00FG)
R L, RESK O¢.F.=20. 1200 -vntz
R I &9 i DC~2000Hg{ fliBgfb+ 14 B, v ~x7 420 22000Hz
)
Mo ADHBE L x 107 pFaLE

FAEL, BESEARII000x10-% S1VA10KED)
G.F,=20, 1200 ¥ —2@ &5

?‘ﬁfyﬁuﬂ/;ﬁ? A



(2)

{3

(4}

15!

{6)

JAERERI~-M 5478

BT M

T H e i 5127

Fyrvar¥ 5

PR B DC~50KHz (—~3d8)

EIEFHE 75(30Q%af)

A FIEH 1 0K Q ( FpgEn)

Mieropen COsecillograph

L RGHE R ok I 2944

KT RF Al —K Y PRAELESSmABKRT 1 v F 1 YT NSV THHEL
Fik |

F oy A E 5

Eo& R M B — g —gfE dmm

I B it DOo~100Hz 5%

BB 2V/m( O EFHENEEEEhe0 L & )

74 nkhRE 0.5/1,2/5/10/20m/8er

ODeecillo Scape

5 I8 5 {E Ml S8-5055
Sh gL 5MHz
OB 2mV . Acm
Data Recorder
TEACH R-—3%351F
iy - k- M
5y =7 6534, 1/4DT—-150—18PR
F - TR 58m/8 19m/8 95m/8
R I B AR DC~500CKEg, DC~2500Hg, DC~1250Hgz
8 Nk 40aB ( EROBMBEHEmET)
A + 1 Vpeak 100K
B +1Vpeak 6008 LE
+ 1 0mbprak 208 LT
B i 1. 5%
MUz b +2%
e bt
FrEGHE LR LE S — v EN-108T
F -7y 7R~ -9 [~=120
HHLE 1200+5%
B x i x 8 (B+005)x(06+0053x(003£0005 )nm
HEOTAE 3000x10-"9

-7 =



JAERI-M 5478

HEENERN 25ma
HiL ot 7 = O3 2 0 oF A B

O~45000>x107" (1 0EEEBDTALLA T o)
(7)) FX 2 p Z6T7F 54—

o st N NART g T LA EEE ST A
B TR 4 B 2Ez~2500Hz

497 4 1 Hz

AT R ] 4 0 meec

3.6 WMEEE

BB oW TE APPENDIY LA IS 2 A OMELTE 9%, BEHRAIK S

BB BEBEORESN, MR r Tt ,ABbK Fig. 8 L0 Fipg.91~23% K€
AT LIOREBEFEEE R B T ETEELA, ChilhErrgl rErnby riEy
L-WRT@Ki%%E?Vﬂ—wﬁTﬁ%Kﬁ@Kﬂ#él9%%&L1Mﬁ’$@ﬁbg&
HGEY - THRIBLARRCOBRERDTE (., —~F, COETHBIETAEFRD T
BEBE(MLTEOERE T~ A 7o Ryad o ob fF—#F -2 —F ~WEHFEC EL X
D3k, ChHOLDF - 2386 L THOMBERL LUERQUEF -0 r—vy 72 25K A
BRAEBCHWAE Rod.4 1 OBESEBOBT it FOES4iE~N, 2 & Tdks
EHBOBBIL DWW THEN Do

280 HEfEaRbERELIDES

T ~20and YU A00~100 U

(o W) 0~120°
e AN S ] gEEE AT 0.03 1m
(HimmEEc L 5)
= & 0~50¢0gr
AREEOBREFTEETROMD Th b,
T, BERBRBEARSVWTLAEKESIKI VAFCE . T T2 aEEOETFE

HEfk2 L4102, BFRCOWTWAEAT &bE TRObN B, COBEZ2LLFRFLE
B Gheh @B e N Er OB L sad b, FABTHBEAICHEKHT WA bk
B éAabe MESIZA -AERITHLNE L Z VEREDEORKCHEES S P THEI LS
tEETH A, FPHBTHITREEBEAFET TR TSR TETEHO VIEREETE FTICm 2,

HE b TEAECHEESEAEDTELZLLIRIEEEEZ~TE Y, chit X bEBECMTE I8

CALIOCKHEBTT AL EHTEDLLINEZ TN o, WHRANOHERL D~ DEY
HIKRbN 2L IRAWIMEEEO D &L — L AR LT icE o ICHE S0 dh bid
BLEEATVE, T, HEADBTREWEE, v —OF &L EI-D% O I RIS 0
B A IO BB EAIDDD TR TR AL ZEEE RS TWE, ME L diT 55
HEERET BE > Far T L~ TRFZEX I VEHRTCEL LD 5. HEE L ATV EAEE

WL ofmadlo0t m2 rHR+LZS LT E A,
—8—



—0l~é-

(? @ Air lines
i l— Water lines
T v
l N,
| 2
From existing == b (1) Test section
loop : (2) Quick shut off valves
| (3} Air separator drum
I (4) Air flow meter
Q| (5) Water reservoir
2 (6) Flowmeters for water line
o ! (7) Air-water mixer
® | ¥ (8) Flowmeters for air line
gll 4B (9a) Air compressor(Ehara B0ONV5M)
re) l (9b) Air compressor{Ehara 05NV5M)
@ | (10) Water separator
i (11) Pressure regulator valve
| (12a) Pump(Komatsu NP21-12 1/Zh(Z)C)
| (12b) Pump (Komatsu HPL 18-82(Y))
I (12¢c) Pump(Hitachi GME-CH 125x6-555)
I (13) Gear pump
I (14) Silencer
L {%_4quh (15) Feed water pump
~ (16) Water droplet separator
HHD (2
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. <=} 3/
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_FWv-3 —2 % wv-1
'? " 14B j )
QOutdoor | Compressor room 1—% A Ijﬁ
: 24B
SYMBOL —==’%l
& Safety valve l
A Strainer ] b
"D-’—:J'Flomneter(Venturl type) é To drainage II_I To d
—i— Flomneter(Orlflce type) Water supply E 2/ 8 To drainage
Flowmeter(Rotameter) 2B
<] Valve =3 4 |
—i— Flange l‘ @
Pressure gauge b
@ Thermocouple 2
S To drainac,L'
Water supply
Fig 1 Flowsheet of FAT-1 loop
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Fig, 921

calipration apparatus for

ingtrumented dummy fusl rod.

Fig, 9 -2

Microscope

Fig., -3

Rod fixed to the

apparatus
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Table .1 Vibration sata of instrumented dummy fuel rod induced bY flow

g Run w « ATT( ) < RMs (V) RME (V) Eoc) §(m) £ (a ) . (meo)
% (o) (%) |(cainmad 0B 205, ) |35 b
1 | 20(B) a 1,5 0.25 012 015 1.54 001453 44 -
2 |20 n # " 00854 | 041 883 uNng 76 ¥ 0667
3130 a " " CA66 | 0.2 04t | 0014 41 1001
4 |40 n " " 0087 | 016 125 0013 43 1334
5[50 n " " 0.1 0.15 126 0n13 42 1668
! 6 160 | N » " 013 0.2 166 20175 a2 2.0
7 1740 n I 1,5 (025 215 0.22 186 an19é 41 2335
10 j40 2 05 1,10 |05 012 014 2.63 0.0277 43
‘ 49 | » 25 1,710 (05 015 018 334 003552
| 22 | » s05 | 1,20 4t 02 0.25 909 | 06096 41
43 | # 395 1,50 |25 013 047 151 0159 22
a4 | 535 " " 019 0.22 20.8 0219 42
a5 |40 595 1,50 |25 0.2 1 C.24 22.81 02241 4z
46 50 C 1,5 025 010 £.15 124 00133 42 1658
48 1w 20 15 |025 0.2 1 0.24 2.28 0024 42 2.09
49 | » 29 1,720 |1 014 0.16 609 09 64 42 2.35
50 | » 395 1/50 |25 614 0.16 1523 0161 42 276
; 51 | » 515 1,50 | # 0.17 0.21 19.2 0203 a2 544
‘ 57 |50 6 0 1,50 125 022 0.23 23 024 42 1447
53 |60 n t/5 |025 045 6.2 365 00383 42 20
54 | » 1645 110 |05 012 01e 2.63 0nz277 42 2.
55 | # 2 4.5 1,10 {05 619 0.22 414 0044 22 265
25 | » %355 1,20 |1 0,22 0.3 1 0.5 011 47 31
24 | » 495 1,50 125 017 0.25 212 | 0224 22 {396
25 |60 57 1,50 |25 018 0.3 242 0255 a2 445

56 |COlib

Hote,
W:Water tiow rats
a.void fraction
aM8:R00t mean squars value OF output of strain meter
g, :RMS wvalue of strain
5 *HYalt of BRMS value of peak tc peak amnplitbude
¥ :Wreguenocy ot vipration

uL :Velocity of water flow
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6.4 EMORESHE LUVEE
Fig 17—1~TFig.17—4b6 WL DOHKEEHF BT IEREER LEHE T T

Fig,17=1~Fig, 1744 WRHERH~DANcounle 3 D CLABSODHERERE %
Fede CHHONTHERRE R b BREFH~CF — s IHEH H—BTELAD, 2B
BOELBARBORIZEOET T L THECKRET 2 LB TAL L, FHRBAETLTE
b, ANOGREHES L ORMICHRT2ERE 1 0 0% LARESRROAL S, o X @3
BEEOHHCEH2AENHEEFE L2 b, 2bHdE0 2y —F (an) T b, F

&foﬁ&:}f + ¥ Tp i, Fig.17-15~Fip. 1742 Wi 3 2t~ A FICouple

BACKLABEGOBERGE vt Fig, 17 -45p)~Fig. 17-46(b) KEKGF~OTF
— s NG EEE 2 56 x102 4, F—sv7 )y 7ii@d 1 00p8 T LAEEDHER
W EEEMiIETT, CRLDT — 25 bR A LBEEFEEMARCRINGH v <ETRE RS
%&V{U—ﬁﬁ®¢MK%5%&Ehhéﬁ.K%ﬁﬁ®%%@&&h£ﬁ?zﬁ$ﬁM%
AT ¢, THEOBSE A4 VEDRRIUL, EBHARAREL ZLICE ST 4 U —AMHICHS
(EEETLTWA L O9HE 5,

6.5 FHICLDPERDOHY
SEBEATRERHEO2GVEELAZ L9 2MA R EAETHOBERHEIN 26 ko
TPDR -~ EFERBICIHT A TROBEDIOICRKANDFZTF o riadii{, TRy 1R
b@z&"%ﬂmx5K§%ﬂ?ﬁhmﬂun52%;5&%%&#ntn%GﬁKﬁﬂKl
AEEEEOFECILEBRLLTIEL LN AORBETENAM L, SEBIEFRELT
WEHEBALEERRALERLACELTLD, AN ~F -2 EOEFHEBOTATFOFEMHS
OHCETEIMP 2 OEBRREL LR 52, FEBRTAIBIBELZ DL ~OT, THhbH
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TABRI~M 5478

6.6 HEROERBN DI

a4, 23 THEEIH AL Burgreen, Paidoussie & L{f Reavie OEREBKXF T LT

LT < ]
(h Burpreen ozt

d 1.3 -
( = y'"*=083x1071 K
L

e

8 ! deflection of rod at mid-point
(thyrgnl b FE~OETEOREREF -T2
D ! hydraulic dilameter
d ! rod diameter {ir.)
10+4+al

2+al
[ : nondimensional vibration parameter = g4 V? If /EI

K, load deflection end-—fixity factor =

pw density of water

V ! velocity of flow {(average) in rod bundle

L . Length of rnd
(rodzx=—%—IbTHHWBEOCZETHEH )

E: Y_ourngs modulus of elasticity

I : rectangulsr moment of inertia

2 : nrondimensional vibration Darémeter =puV: Spw

# I viecoclity of water

w . { eircular ) freguency of vibration

{ b EERH L

(29 Paidoussis 03%!;595?{‘1(“

5 Lot -be By 0428 [
—= q,

D 14 U* b

19 \1+AB)L

( D.h)u-&] [fi”"’_ﬁ 5x1U_AXK]

—67 —
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TLBERI=-¥ 5478

| ceT

(=%
‘e

vibration amplitud-~ at pidespan {correspords to the maximum values
| of half the peak—to-veak smplitude)

. WHEMZ (WO L@ HEIN T O TSI O M & AT, (JRETXEEO

j Appendix I DEDB I D &k, .

D! Diameter of the cylinder

firat—mode beam eigenvalue of the cylinder

o

ffm+M)Iﬁ¥ﬁ

&, "" 1

BEI }

K
@ ! circular freguercy of oscillztinn of the eylinder 2t zero flow
( XEP.51b)
i m . maag of the eylinder per unit length
M I virtual mases of the fluid per unit length
= %nDz g

EI ! flexural rigidity of the ecylinder

u ! dimensionleese flow velocity = (MAHI) 251
Mass flow rate

px{ flow Arss}

U ! mean axial velocity U=
€ . 2gual to LD
Ngi! Heynoldes number =UD, . w
Dyl hydraulic diameter
B I egual to M/ {M+m)
g ¢ fluid densgity p=apgt+(l—alpy
a=void fraction

E : for =streamiined, guiet flow conditions, HA=1,

while Ffor realistic disturbance lervels K=5,
L ! Lengtn of cylinder |
| (3 HReavis mi{ﬁ%ﬁj’ﬁi‘iﬂa}

| gLNCS
WVI=Cn,9p7
SRR N DL

Uva'S ——————————————————————— 16

ey § _
WVI ! maximun dieplacement 2t midepaniin)
C: ecorrelation coefficient shown Fig.3«Ref,{13}.
¥4 Limenesionless scale faector for rad diameler
Lo " # ” " hyaraulic dismeter
o y " ” » rod length

' d ! rod diameter (in.)

68—
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‘L @ rod length {im)
W

£ ! patural freguency of rod (Hz)l., f=
N ! number of rods 2
W . weigkt of rods (1D)
£ . damping Ffactor (wd=wﬁ:—fz_wd;wr
wy: cireular freguency of rod induced Dy water flow
U : flow veloeity (in./sec)
p : filuid demsity (1b.sec? /in* )

v ! kinetic viscoaity of fluid (in* ../ sec)

FEH) NpEw 5 10l EEbn b, SRostBATREN=1LL, Wi 1
ARy oEEICTNLEHEL EX S,

6.6 1 Burgreen®¥ER ~---~ (01 a)30) &DHE
Fig.14, 19 AR #0iT B Burgreen® ¥ & O M BT EEBROTH
EHRHXL DR TR L KBTI B, TOHME LTE TEz LA ADME, BurgreeadiZ O
*%Wﬁ%@%m%nfﬁﬁbﬁ?—a—ﬂﬁ%ﬁ1DdwiDBQMMéé&M§%M%#
@ﬁ@%&%n%Lfﬁmmmug@xﬁ&%@@N%x—y—@ﬁﬁﬂ%a@#%ﬁ&&w
Wik brLa, ThEgELETAOE, 1%, FETHELAKHBOREBIE EL 2ERNE
o T B LT AR, REHOREE LTO, MEYEE, EECota@Ekie
AERL T2d, (£SL, BEOHEL VW TEEN TS )X, BEEOTHRB L AERE
HBbPEND-kELTIRADEI BB EALERLE VL, BEEOEIFEL ABHE
BICoWnTi Burgreen/d BB EQROEEADBREELHEE 2 HLGERL TN IR THL O
GsE L n hE S B, CNE0/ DCEETAETSY, WM (K I 7P0) cr
MG L e LEMATEIOGMEECATHNE, SFE3S10BEs I CRENRBREC
z&;v~w;5{ﬁmﬁf%b.cﬁ%ﬁx§<%éo&npmm@$$¢u7»£avA
P T U EREEE HAT AN~y — L AYRNE ML 2mK LT b, TOX D,
EEOBRMEIM ) OEREEFC ST, T, BOEBERLPRE (2 Tbe L2L
ﬁﬁ%.iﬁ%ﬁﬁﬂ%@%%@SdDmKﬁLT%LQUUM&Z%Miﬁxéhkb,7
4—#“i%@W#W5@ﬁﬁ@@E%@ﬁM%1SHzmémt%ZDHzm%QQZﬁﬁ
5h, ZROBEEGOWAIHz LTAERDE VL, BEIHNR L LAVESXIOERp A
ﬁkﬁ<ﬁaﬁfééﬁ.C%Bﬁﬁ*¢®%ﬁ%®ﬁ@ﬁﬁm£@iﬁwﬁsféﬂmom
T%ifﬁénﬁﬁ¢®ﬁ@%ﬁm1ﬂﬁ&Lfmi%héﬁmﬁﬂﬁﬁtbfmm¢@ﬁﬂ.
ékﬁﬁﬁ&LTﬁK%#%bﬁTﬁ@?éﬁmﬁﬁéﬁﬁﬁéb,cﬂh@ﬁﬁﬁ*@%ﬁ
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VIBRATION OF CYLINDERS IN AXIAL FLOW
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