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In recent years, the power uprate of Boiling Water Reactors have been conducted at several power

plants, but many problem has reported. Particularly, Quad Cities Unit 2 steam dryer experiences hig

h cycle fatigue due to an acoustic-induced vibration in case of the power uprate. It is conceivable th

at the increased steam flow passing, resonantes among a structure, a flow and a pressure fluctuation,

resulting in the breakages. To understand the basic mechanism of the resonance, previous research

es were done by FEM or point measurement, while it was difficult to understand acoustic resonance

in details. This study aims to understand mechanism of acoustic resonance in BWR with numerical si

mulation, and to compare the result with the PIV experiment data.
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Table.1 Material characteristics

25° =& 287° fEMAESR
HiE 340[m/s] 490.5[m/s]
AHERMER K | 1441075 [Pa] 8.94+10"6 [Pa]
YYIUKE 1.4+10"5 [Pa] 8.94+10"6 [Pa]
R7V iy | 0333 0.333
BE 1.203 [kg/m"3] | 37.134 [kg/m"3]
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Fig.3 Contor plot of acoustic eigenmode at
"1/10model-simple" (cross section, 187Hz) left :
displacement, right : stress
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Fig.4 Experimental data (154Hz) left : amplitude
of microphone at 7points in dome top : layout of
PIV area and microphone right : lissajous curve

at center of dome

WIREN T 20\ E— 7B R S5, EEo PIV ko)
Y= A liFRT 2z HAICIRE L T 23HELS F—Ath
B TOBEHPEENIC KL 0D, £/, =%

2/4

WVENTD 5 18THZz BFE — F OIS0 Mi &, EBRTAE
— ) — TR 154Hz RO FERIEDS W, E THRIC
KELREZE EB L) H o EENIC—K LT3 L
FR%, MEoZ t»s, EERRICEIT 2 154Hz I351HE
2B % 187THz LRI N5,

[FIk D FiET"1/10model-simple"iZ B T, FEhR
CTHH L % 154Hz. 162Hz. 462Hz. 486Hz i358T
K7z 187Hz, 193Hz. 429Hz. 454Hz DE—FIZ %
NZNWIGT 5 HENTRL I 472, "1/10model-simple
long" T b FRRICFIL & EERCTRIGT 2 € — FBEET
3 EDTRBI NI,

o, EBEFIEIFEENIC L TwE I LD
NI N,

3 FHERKHETOZFEE—R

31 YZal—yavotiE

~}#:13"1/10model" & "1/1model". FIRIZ 2 HiTff
H L 7"simple" & "simple long". ZRZIZERFRL T % <
DRWVLTETY ¥ LT %" "steamdryer"®d 3 IR
(Fig.5)Dil 6 ZfFIcB T, T —FIVIRNT & RIS
BB Z T o 720 "1/1model"® 3 IR % Figh IR T,
ZhIC kY, FEEBIROMERRH L, EETOE
BUBE—FOPMEITI, 1/10 EFTAME Xy > a2t
A ADY 34mm DL TICEEE L. 600Hz F CHENTZ1T-
72o 11 BT V1L 340mm DA TICEEE L. 87Hz % Tfig
W& f7-5 72,
32 FHE#HR

BWR O L& 7V aNZEH#HEL - 1/10 T VR
11 EFNVIC, FE2 52 28 L itlE2E 2, &
HEfTo7, ZO/R, BRERERT T2 D RNT
TV Y7L TS "steamdryer" Cld, EDE—F
BB Enbhrot, -, BELTHONEE—
FCld, AR F— 2Dk 28N R Sz,
BAIREIIC S5 2 2 MBI KIMEZ 2o 7, Bl 213,
F—2 E#2 z AAKCKRE T % € — F T,

FANSYS WANSYS WANSYS
= € ‘1/ 1scale-
"1/1scale-simple" 1an1‘?mm1m?n§: steamdryer”

Fig.5 Geometry of 3models (1/1scale, cross
section)

Fig.6 Contor plot of acoustic eigenmode at same
mode (y-direction vibration)



Normalized Amplitude of Vibration

Normalized Amplitude of Vibration

"1/10model-simple". "1/10model-simple long"\
"1/10model-steamdryer"® [H H R B X 1 = L Z
187Hz. 170Hz, 296Hz TH o7z L, F—4H
R L O—55 y WsaIciREN % € — FCIXEE
IRENEDZ N ZF 4 396Hz, 390Hz, 489Hz(Fig.6)TH
%, R, AIEETFT LV CHEmORE ST X 3 B8y
MouTL 3eEZONDE— FTRFBIRICL > THEHE
IRENEDKRE K B> 7203, LEEBERD E TR
T, MO ERFEEZ 6N E— FTIREH
IREBRDOMEDRH E D o neh T,
33 FEFEROER
BRAEREERDBERDAE LT NVH A ZDEEIC
XD, 1710 EFA(ER)E 1/1 T A(EHERR) & b E
AIREE DY 6.95 (GFRERE o7, 225 (EHH 340
(m/s]))ZE &£ 3% 1/10scale DE &, @EAR(EHE
490.5[m/s))ZBE £ $ 2 1/1scale DEICE VT, [H—
DE— FTHIGT 2 EARI KD lLAHERETIE 6.93
fECRMRRE SIS IER T\ 2 £ 2 5, "1/10model "1 52
BD 1/6.95 A7 —LVETFIVIHNSTZ LS54 5%, £,
HHE-FOE—FX., - FBRIZIZIE-EL %,
o, AL —=7HETIE, =7 D THDE
BIABWETAHA RS L o TRLZLETNH D L
Bbd o7, I I TIlE"1/10model-steamdryer"Z X
"1/1model-steamdryer" ® JH UG E MR %2 Fig.7 IR

TO

JABEIRE T ORER X D . TREE 1 T D AIC

1.00E-01

1.00E-02

1.00E-03

1.00E-04

m—
L
~

1.00E-05

1.00E-06 ‘ = i - / —
i} N 1 il
1.00E.07 1\ — BAIVZIING 2= V)
\ i i il
1.00E-08 / | A
R ., I DS B T I = T S
1.00E-09 Y
1.00E-10
0 100 200 300 400 500 600

Frequency [Hz]
(@) "1/10-steamdryer"

1.00E-01

1.00E-02

1.00E-03

[\
1.00E-04 '.\ 1 /

1.00E-05

1.00E-06

1.00E-07 : \

1.00E-08

1.00E-09

1.00E-10

0 0 20 30 40 50 60 70 80
Frequency [Hz]
(b) "1/1-steamdryer"
Fig.7 Frequency response curve in Steam Dome

X
-y
—z
— stress

N — x

-y
—z
— stress

3/4

[ENEBZ M A I bR, EREE 4 AT
FEIRIE % G- 2. 22D z Bt RIC 180 ° DAIFHAZICE
EL7 &I F—2ofyid z s miciREH L3 w»

ZEbhrot, IR, x WG ORRS IZ D S
K2EMHEDE IR L GO IS L TIRET
B I, z AT G2 & Ok 2 WA o [ 7%
PRLEOGING Z ETREDED G206 EEZ
5N, £, HBREBOEELIREWIZERL €—
FTHEERBIBDES %5 2 & b, RS S
ZLDBVIETLVTIEMADE-FBH2 2 L2 5,
FUCHERDOET N 3 DCTHIKET 2L, E— 28I %
WJEIZ"simple". "simple long". "steamdryer"& 7
2o

4 SERNERT
41 YZal—ya>ofE

Quad Cities F&EET D 2K 5KUHZ R BRI HR Sl 1 & 5 2
I & - CRRIZERPNR IR L L E Lo
T3, ARSI ICEMEERIBREZ LTE D,
FECHHEL 7-EFr 2T LT 2 2 L 3EEETH 5,
FEIIE L S ORI OB EZHR S 20, 22
TIIRKRGERMAEE 1 DOBEMEREL., F—A
N DB EE L BT 1 O IENT % £T v, AR % S
T2, FHENC /1 A7 — )VORKESCLT ., B
LSRR TOE— Y VBN 2T, BIEIREIECE K
Dz, RIT, FEEM &KL N — L QBN 21T o 72,
WMDY v FREEE L, BEERDEZ 287,
42 FHEHER

REYEM DIRBIEHS T 23513 ERGEM L RA F— 228
T % € — FOREEIREED T2 -5 7z,

WEEM DY v 73 H3 1 X 104[Pal DI, g ik
DOFEEIREIEDS 27Hz DR L, KRR —2o EREdE
DS U ISR E) T 2 BRARRK € — N OEHIREEAH
29Hz # o7, ZOKOE—F% Fig8 I2xR”7¥, F—
2 B OIRE A & REEM AL I IRE) LT\ B,
Flo. ZORD R — A IRERD HBHUSE Mk & G
M7V — RO R BUGE AL E Fig9 IR d .,
EM LK N — L0 U CIRE L w5, bk
AT, 3 TIT o 7% 1/1-steamdryer"d € 7 )L TIIZEA N
— L5 O 29Hz & FRRICIREIT %5 € — F2' 43Hz
ThHholl 6, AR N —LDEHEE— FOMBEM
DEERBEICH ERAEFNTwE EEZONS, S5
2. RR R — o ST IREN T % € — MO
PEROD o,

43 EWBITOER

s OIRBIEIC X > T, MEMMPIRE T 5E—F
EF U AMICREDIREN T 2 5k D€ — N3 EiA %
Nz, FERE L THEM o BIAIREIEIT IR BT
REEM DREI L. R B O K48 13 &4 Bk © o B IR E)
& DS IR WIREECTREEM LR L CIREY T
2E—FPRON, 2FEh, fiEMEZETY V7L
20 3 DOFFEEM Z R & L 72854 (Fig. 7(b))IC X
RN 2 T2 7213 ) (Fig.9(a) B L h D=2
Vo T3 EHICE DEROARETE - PR s N5,



Normalized Amplitude of Vibration

Normalized Amplitude of Vibration

72 Uy BB E RN DR S . R IFHT THE
B &SR — L 28EICRE) T 5 AR B 5 A L

TN AT IIREEM DIREI N Z 5 11T\ 5 (Fig9.

(®)e 1/10 DEBHEBENICHEXZHREL., AE—H—
Do OEETIRL 2 EEY Tk, FXoEAIREI%
DB TIEEXPIRECIRE L7228, 2 L3Nk
AW TIEHEVIREIL 202 E3bho T3,
INGD I EDS, G AEoBHEIREIEICIER
VT ODYREN S CREE R & KR P — A L, IR
BLiceE—FBEETLEEZONDS, DD, 2L
A E DB TIRIBEMIZIZEEAEIRBIL 20D O
D, FFED R D STEW BARK N —LNTHIET 2

gy 0SYS

p
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