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Development of Quick-response Area-averaged Void Fraction Meter
-Application to BWR Condition-

Tadashi IGUCHI, Hironori WATANABEH, Mamoru KIMURA and Yoshinari ANODA

Department of Reactor Safety Research
Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 21, 2001)

Authors have been developed a practical conductance-type void fraction meter to measure
instantaneously area-averaged void fraction in rod bundle. The principle of the meter is based on
the fact that the electrical conductance changes with the change of void fraction in gas-liquid
two-phase flow. According to air/water two-phase flow experiment, the void fraction was
approximated by @=1-I/L, where @ and Jare void fraction and current (L is current at @=0).

Authors investigated the performance of the void fraction meter under high
temperature/high pressure conditions (BWR condition; 290°C, 7MPa). The results indicated that
the void fraction was approximated by @=1I-Z/I, even under high temperature/high pressure
condition of stem/water flow. However, it is necessary to take account of temperature dependency
of water specific conductance. Therefore, authors derived a correction equation for temperature
dependency. Further, for applying the void fraction meter to a large-scale facility, it was found to
be necessary to reduce the capacitance of the circuit. Then, authors developed the method to
reduce the capacitance effect.

Finally, authors succeeded to measure the void fraction in 2x2 bundle flow path at the
range of 0% - 70% in the error of 10% under high temperature/high pressure and mass flux of less
than 133kg/m?2s. Developed void fraction meter is theoretically not affected by flow rate. Therefore,
it can be applied to the condition of oscillating flow.

Keywords: Area-averaged Void Fraction, Rod Bundle, Quick Response, Application to BWR
Conductance Void Fraction Meter, Temperature Dependency, Capacitance
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NHnd,.

(1) AHEBOEREKD 20Hz~5kHz OFATIX. HAHESIRIFF 2.12V T—E L
D, ANMEBZENCEFRLTZIENTE S,

(2) AHEEORAEEINNEWVWES (10Hz). BAEFSR -8 TR0, BEfRLAAR
SEEIILD,

(3) AHEBOAFEEINAKZNES (6kHz)  HAESIZ—E TS 2L HILIZIX 1.9V
1220, ANMEBOEMEZRSRLTE5,

DLEMNS., SEAVWERELHNRIT. ANESORBEEN 20Hz~5kHz OEETHNS Z &N
TELZZENbMD, B, ZORBELBRBOHEAN B Ch & 0J1#) i3, 40Hz~1kHz
TH 5.

BWREEESREENRR TIZ 310Hz ORREHEA NS ZECLTHD, ZOMIBKER
BBOFERBEANTD 5.

9. 2 KA REZ(LZBRLAMBOREBLGE

ARA RBEHTIE, SFHEES (B10Hz KakE) 1R FREENERLZEFEZLAET D,
FIT. BRAKCEAKOEENERLESICHT SRBOFMKEISE RN D,

BWREBHAMKESRBR THREINDRA REELZ I Hz U T THEEEXAOSNHDT, RiBE
AL TRBMRE LEERKIESOREZ 1 0Hz~0.1Hz Z L7

(1) BBHFIE
K9. 2. 1ICHKREIEERBROBEZRT .
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PIMRERT, SREEERESES, BEEEHEIEAIEI2L0. R RRL 4 HE
T5, FEERLESHESEREERBICLD, ERET S, HHESREBENERET LY
—IZ& D /A XBET B, ZORBKICED, B RRFBOME (1. 1) 2EET 3,

BIMREER TRE LERHERE 74 VY —HEREF UL AI—TTHET 5. HEE
BT L5ZEICKD,

ODAHHEBTOEGHED L
OAHMEEDRIEOLL
Q@A NIEE DALHZE

ZRNRD,

BIRAER THRELZESIEIUTOEDITH 5,
OF B : 310Hz
OxiE : 1440mV, _
QZH : RIBAH
@ZFH#EEE :  0.1Hz~10Hz
OLRE : 75%

Fim, T4 NI —OFREIILLTOED TH B,
Ohy bAT7EEE : 1 Hz~10Hz

(2) ABAER

M9. 2. 2. 9. 2. 3. XFEBSEAT v THERUVEZKBEETRIELHAL -84
DOAN (BEEREBRES) RUOHAH (745 - 2FRT.
D27y TEHETRIELHALZEEDANENMEEHHOZE LW EDOHER

K9. 2. 275, KREBORENAT Y TRICBELTWEZ EDMN 5, £, 74))
& —HE. RGESOREBEILICHIEL T, BELTWAZ &ENbns. .
THRETORENPRKENEE (HI5, 1440mVep) RUNENEE (T2b5. 200mVe,p) D
T4 WY —HAIR. TR LN 510mV. 80mV TH5D, NSRRI RREBEDER)E
(1440/(2*sqrt(2))=510. 200/(2*sqrt(2))=71) IZIFIFFEL W, HIE. RFHROAHI L NIT
—¥K L. GHAIELfTHNTNV5S,

=720, RREBORENELT Z2BEAE TR, 74Ny —HABBRRCIIEEET. &EEK
BRI R R ER NS D ZENbM 5. 74007 —Hd, HinEE TidEd@E L D ERFTE
WL TWS, s, HABEORERIMIMARORERL D BREN. UIERBRURRER
WZDWTIE, KEICRT,
QIERFEHAB TRBEFL L ZDAMN

M9. 2. 3. ZHABAEK 1 Hz, BELHEZLEE TIToREZOHEREEZRT. ZHUT. R
A RBEPEFZHRRICELL TWD EEEERTE, 74Ny —HABAMNICE{LLTVS, K
M5, AN (RRBEERMME) RO H (T4 F—HH) OFHE. RENDMS, £, A
HADOMHENRDN S,

AR, Z#ABE%E 0.1Hz~10Hz O&HTEZ 2 & DA A OEEHE L. R, (AHE
ERT,

WFHfELE
(9. 2. 4CERRENLNESEDE (ThabL, TUARBOANER) OFHEE Y
AVE—HNEROFSEOLERT. SEld. EHERKTHD. NTA—FIE, 74T —
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1w hFTEBEETH 5.

Rn5., RO ENbha,

(1) ZHAEAFEED. 1HzUUF T, ADEBEHAEBOFHEOKIIIZZEL THS, Thkb
B, R RREAEE T 1IHz AR5, R RREGHEIITEREICHHIINS.

(2) ZRAKEN. 2Hz U LTI HOEEOFHEIZANEEDEHEEL D KEL /LS. 5
Hz DAETIE. I8 % KEL 2D, Thabb,. "1 RREAMN2Hz ULIZhd EFHEE
BAIZEHT 5. it skl 2L S i, EEORABREORERIL. BB ORE
BrokEhoZtickdEEZIONS,

(3) 74N —hy bATEABREN1Hz A ETIE. THOEEERICRIZTEZEEIINI N, T
iz, GEOMMAREBVAROEEMHOETIFIIREERBIIHH-DTHDHEEX
5N 5,

PEnX3iz. 1 RROLEFHOEEEA 1 Hz LTS FEENERICEHIENS, 2Hz LA

Licks . FHEIZ8 BBAICEHRIEI NS,

@)fR1E L

9. 2. 5. BAERAEBHNEESENE (Thhbbd, REZRBOANEE) &T740%
—HAEBORBOLEZRT. KL, ERABKTHS. RTA—FE, T4 NVF¥—Hhv bF
TEABEETH S,

Kns, KO ENRDMS,

(1) BHFAEFEEN0.5Hz AT T2, AHAREBIIZ. 131 TH 5,

(2) ZHREEEK 1Hz Ti. Ay b T7EABEEN2Hz DL ETIE. AHARBEIZIFIZ09 TH

%, hw bATEBEN 1Hz T2, AHARERKIZIZF 06 THS,

(3) EHAEEEAN2Hz LLETIE. AHARIELIZ08UTTH S,

UEDZ EMS, R RREEN 1Hz LTRSS Ay bATEBERK 2Hz L LT, R RE
EE &R 0.9 L L TRIETZ 5,

QA NIE S DRI 2E R OMLAHZE

B9. 2. 6iC. AEREEBHNES (Tabb, REABEDOANERS) 74005 —HA
EEORMERMIMEZRY. RN, BEREBHNEFEARKTHS. XTA-FL 7
ANET—=Hy "FTRBERTH 5.

NS, ROZENDNS,

(1) ZRABRBPRENZE, BRIZITNIW, HZEEIREN,

(2) 1y A T7RABEBUNEWEE, BEAZRMIHEEIRKREN.

(3) ZHFFEEN 1Hz AT TR Ay bAT7EEK2Hz U ETRAEZEIZIO® LT TH 2.

B3 0.5s LT TH .

BEDZEMS, R RREFHN1Hz U F2oid, By b T7EEK2H2 AET, 90° LA
TOMAETHA FREHZHETES.

(3) ¥&¥
DbaEldd s, K1 RREHN1Hz LTS5 Iy A T7EER2Hz 2L EORE T,
ANEBEOFEE, RIBEIFIZTIERIC, TLUTHHEEEZIO® LT TRIETE 2,
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9. 3 AFvIEHE

M1.10EETIE. BEEBENERELT, REFBRBRVO 74 NY—0EZS5NS, £ T,
REERBRERT 4 NI —IZDONWT, ANMEBDOAT v TELICHT BB ERN.

(1) TERHESE

B Ak
9. 3. 1i7. RELHBOAT v TIRENRBROEKEZRT. KEERBRBOANMESD
EHABEBQ@EF I NAT—TTEHRIL =,
HBRIIKROFEETIT /2,
(1) FEFRERT—FEOXREBELZREZIRS,
Q) A4 wFEHRAT S,
@) A4 v FERATHRIEDANEEORVHAEBEQET PN AI—T TR
3,
@) A4 v FERKTS.
(B) A4 v FERKT BHEDANEEORVCHNEBQET I N AI—T Tk
3,
® OhsG)E, FEEREROHNOBERELEZ NS, BVIEKT,

RBER
K9. 3. 2. TEEREBROHAOENEKE 310Hz KRELZEE2D, RELHRBOAN
EEQRUHHEEDERT., ANEBIL 310Hz DM TH BRI L. HAGBIIHERICEHR
ENTND, A4 v FERALEBREARUEKL RS, ANESOREBOEILT ZEAT
HWTE D, ANEBOEREIL. X1 v FOBA BROBATEEACBRBIIELL TS,
HAEEIR. ANEBOBIS U TET 5. HAEEOTILOEIL 5RO Z EHtbhb,
(1) HAEBOTLBBMHIIANEBTHRTENS, B, DM 655,
@ ANEBOBLIIBMIGERINSDICH L. HAEEOBLRELHTH S, HIb.
REES T IR EN,
(3) DM, BER 3. AT v FORAREBEETEVD S,
AREETIE. DEEBROBEREUTOLS CEELE.
COEER . AT 4w FRAESIIMBE. HAEENBLEBIAT S TORIRE.
CBEEE . WHEER BMEEBBLEEENS. A4 v FRATRIMEEBOL
{LIBD 63.2%IZET S DITEL /=K.

FEFREROH DDA % 50Hz 5 5kHz OB TEX THERERBRBOANEER
DHAEE K9, 3. 3 (1) RUE9. 3. 3 (2) iTxR7. CORBEETH, M9. 3.
IR LD~ ERUERMAR NS,

INSORMNS ANERKEOERRMERUCREROBFZEERDZ. #REK9I. 3. 41TRT.
KNSLLTOZ Ebnhs,

(1) OFEME. AT v FRAEEBERETENZEZEITZL. ¥ 20ms~30ms
THb. OEBEIIANARKICOENEEZEBINRN,
(2) BERI. A4 v TFRAREBEIFTERD D, AV 4 v FREORERDS
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IMKEWN,

« 2 4y FERARORERIL. ANERKOEME EHITNES <D, ANEK
¥ 310Hz TiFF 80ms. 1kHz LA ETIHIFIE—F (40ms) 12785,

« 2 4y FRBEEORERT. ANEERKICHEDEEINT, K 180ms TH
60

(2) 7445 —

RER AL
9. 3. 1i2. 74Ny —DREHRBORKERT. KELBRBOAHESO. HHES
@ (=I4 NI —ANEBR) ET4NI—HNMEEBREFT I NVAI—TTERIL /.
RBIIKROFNETITO =
1) TEERER T EDRMELEEREZIE S,
Q2 A4 vFERAT S,
Q) A4 v FEBRATIHHEBDOANEBTORVHNEE®E2F AN A A—TTil#kd
5,
@ A4 vFERBT 5.
(B) A4 v FEBBRTAMBOANESORVHENET®E2T I N IA—T TR
5,
6 OMh5G)E. T4NI—Dhy bATREEREEZRNS, BOIRT,

B R
9. 3. 510, FANIY—DHy hATEEEESHZ ICRELZEZD, REEMEDAN
EED. 74NV —DOANEEQ ENbZELEHRBOHNESR) KRBT IVI—DOHAEEQ%E
ﬁ_\-‘g‘o
24w FERALEBSARVBAKLZESIE. AHEBSOORIBOZENT 2K A THETE
5, RATHBOANEEODORIEIZ. A4 v FORA-BRTIEEALBRRBICELL TS,
T4 T —HHEERR. ANEEODELITIHEUTELT M, BILOERNSRDZ N
bﬁ)%)o
(1) AHEBRDLLEERIIEBEORUVOIZLERTENS,
Q) AHEEOTILIZBRHIERINSDICHL, HABEBOERIZESNTH 3.,
) A4 v FO/AR: EEKEFT, DKM, RFERIOEWNH S,

ANBEBROEE
T4 —DHw A TEBEEE 10Hz L. ANESOREEE% 100Hz~ 1kHz O TEZ
- EORBEERBOANEBTORV 74 NI —OHNMEBE®ZEKI. 3. 6IIRT. Zhb6D
EEMNSBEDFHN, BERICRETANESOEAEKOZEENI. 2. 7TIIRT. {”NS
LR Z EDDns,
(1) OFEMIZ. AT 4 v FRAZERBRETENIZEZIZZR LS, ¥ 50ms~60ms
Thd. DEBMIEZANERRCOZNIEREI NN,
(2) BEEEIT. A4 v FRABEBEBTEND S, AU 1 v FREFORERDS
MREN,
C A4y FRABOBERIZ, ANARKCILALEEBINT, BIE—&E




JAERI-Research 2001-032

(80ms) TH>,
AT 4y FREBEFBORERIL. ANMAREIZHAEDEEIET, ) 200ms TH
5,
LR, ATRCOREERBOADEBITHAT, # 30ms BN TWS, BEkit,. 2o+«
W F R ARO AN ERE 310Hz L FOBREZBRNWT, KEZHEDADESITHART 20~30ms
KELIZH>TNW5B,

Hy b A TEAEROEE
T4 NI =Dy N TR E 1Hz 75 10Hz OB TEZ THERELBBEDANEED
K74 W7 —DOHAhEE@EK9. 3. 8 (1) ~X9. 3. 8 (4) ItxT. AHEBOD
AEEIWTNS 310Hz TH 5.
INSDIRNSVIERMR IR ER 2 S 2, #BR%2, 9. 3. IRUK9. 3. 10II%
9. IMS, LTFOZENbns,
(1) ©EKH. FFEREDIT. Iy A TEBEENRZIVIELE., NhEW,
(2)  OFERM. BEKREBIC, by b TEEED 1Hz~3Hz TELLBI L. By bk
F 7 AR 4Hz DL E TR I W,
K9. 3. 9RUXI. 3. 100HKZIDILERIT. RELBBDADT—FE2RT., O
., FFEREBIZ, AICORBELBRBOADEEITHANT, ¥ 30ms ENTNS,
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10. £&8

EF 51T, RERWE TR REZEEHNTHEMANZI I 75 2 ABRA FREH %
L Jz, ARA RREHI, RBEAO HRRT RRE_HREKZEE S OHBEBERENAT 5.
228/ K 2B L ORERBRETo R ICENE. R RRoIIERILL T, (hE. WKE
DBR) ZHWT, a=1-L7I,THLTZ %,

ZORA REEHE, iR BEOBWREH (29 0T, TMPa) IZ@EAL. TOFHHIMEREER
Nz, FOME, BB - BETHRS RRalda=1 L [, TEMTESZZ ENBbho Tz, 272
L. KOBLKLEHOBEKGEEZEETILENRD D, ZDD. KOBIHLEHOREKS
HOMY., BREMLERXOEHET- .

F, AR RBEHZHBOAZVRABREBICER TS L EICE. BIROF+ NI ADR
BLEETOIVNENRDD., O, TOXEENHTLIHREHRLC =,

SREESHTHREI33ke/MSLATF. 2 x 2EMRE T, 1 FEO%~7 0% TIIREI0%LL
WTRA RREZHETER., AR RRFHI, BEENCHBOEEZZ TR, Z0kD, HE
LENHDEMETORA REFHNFETH 5,

AR REET, ERETIZIFEROBIEL TWA A, EiRMAMS. sHUEROBHMEIC,
RBEBOKMNDH S, BEFEICINE FRKRIIRM RO6IKET 2. FHRA RRIC
MUTHLRA RRMNL. 2BORA RopARaSiE, FHERA RENS 0 %D &&= LEEDERE
DM|EIX1 0% /0D, LEN- T, BEEOEMRIZ. AT 5REARICKDRIEABHER
TRDODLUENDH B,

AFREBICIX. AR REFHEHAWD EEOREXNZERERS. HRABEERLZ. £,
RENZERICBIT 2 MR, stREREZRL .

BEW

(1) JE0MEM. HOE, AR ZEHBK: “BREFHURIREEE SR RREFOMA
%t”. JAERI-Research 2000-043, 2000

(2) #0O IE. i "BAFBESSRP L EARBRAR(Y TEHARORR". HERT
H%£2 00 0EFDOKRE. E28(2000), 2000.

(3) FE0E, f: “BAFRESESFMIBRERBR05) BRFHRTEYRA RFREHO
B, AAETH$22 00 0EEDKE. E29(2000), 2000.



JAERI-Research 2001-032

fORE
36.2mm | _|
] BREE
R (BTUERR) HETE
I/"\ /
RRER LR AERA =8 Ry _|
E BFRA ) v) (Zo) \ ]
310Hz ‘Trf |
v PLBE (LEUREHE)
) REFTHRE
| I
TA4NE—
[ |
DAS
H1.1 [EEHE
3.85 4.0
‘.—
! 10
AL
;?é | R
7 | 12.3m°
4 .
7 |
_ :
2
2 FisREE
LA
1338 e
12.3 mm*®
*

1.2 FREEE (BWRERESHR)

— 37—



X

S
.........g ® o & ¢

EBERES

A

RRBEH A :
HELNER

ANhZBE:
ANREE :
AN#ER :
HAhBE:
FERARER
BERE -
mEERE
HhUy T
ISEREM :

Z4 N5 =

BRAANEBR :
BAHFEANERE :
hy bATRIERE :
e .

HHBE :
HABA :

RMBELNEEE :

ANAVE-F R

HhAE=Y2 R

JAERI-Research  2001-032

F2.1 BBOMLE

DCE/IZAC
10Hz~10kHz
SmV~110V
110mA~1.1A

AC 0-5V
40Hz~1kHz
100kQLL E

DC 0-5V
500QLLE

+0. 4%FS
+0.05%/C
0.5%p-pFS LIF
0.7s LLF (0—90%)

(ZIX10MQ
10V

30V
1Hz~9kHz
x1~x5
+10V
+50mA
1QLTF



BAEE Vo (—)

EHL Vo (—)

BHEE Vo ()

0.2

01 |

08 |
07 |
06 |
05
04

03 |

02

0.1

JAERI-Research  2001-032

M LBEEEATEROBEE

D ZER - kZHRICKSREHER

(3) AERARMAIE AZ K (. 36.2mm X 36.2mm
(4) RERRRHNER. 12.3mm
G)YXTE. Bim

(6) 7k iFE= O m/s

(N WBORA REIZ. EEDSDHEE

(1)

o MATRE
o HWEMALL
RENE BENIBRMERHR

20 30

10 40 50 60 70 80 90 100

RAKE (%)

(2)
o MAEHR
o HEMHEBRREINE
o BEMHMEH

10 20

0 30 40 50 60 80 90 100

HKAKE (%)

70

M E S
BEMEERENE
| o BRRIRERMER

30

20 40 50 60

RALE (%)

70 80 90 100

R - KZHRICK SR, FRFORERRER

2.1



JAERI-Research  2001-032

L S JARTE SV

OO
OO

% b2 3 TASTE D%

RLEEO Y FE

BEEE — -
7 N LEET S
*mﬂ@’//é é : -
7 7
é é th O BEEE LR/ XL
/ %
% /

K3.1 BEEHMIX



JAERI-Research 2001-032

BN Fa—7
FNVEFFa—7

S
WA

Y

B3.2 $OBEERSOMISH



JAERI-Research  2001-032

=8¢0 S WALE %

o> SR SWARVE %

K3.3 75 U8HBEH



JAERI-Research  2001-032

F4.1 KA FRFOERFIR

RA FEHORE]
- ROBRESHEPLICAEBT S L
- pLBEROBEERSTARENI L
- ENBERTOKRORABDZNI L

EREAOEE
- BEOBRBOKRE
- BROBREDRE

KOBREEEDRE

BRSO VORE

B RBOBE
- AREROBHRE
- AFEHERORE
74N —DRE

RA FEOEA
KB T KA RENEODEEDAFHERDOREE
C KB T, KA REaDFH

KA FEOHIE
R4 R o DFHABROMRA > E—8 >V ABE
c KA RE e DFHIBROKRHE




Current (mA)

100.0

10.0

1.0

0.1

0.0

JAERI-Research 2001-032

(BWREBRESTIREMHREE)

99.7.13

100000

RAFEGFRHBT)—OBRERHE (mA)
F’Hl'_i& Va2 Va3 Ve 2 Ve 3
50 0.1 0.1 0.0 0.0
100 0.3 0.3 02 02
... .200] 0.7] 08| 05 08
300 1.0 1.0 0.9 1.0
500 1.8 1.6 1.6 1.7
1000 3.6 3.3 3.4 3.7
2000 7.3 6.7 7.0 7.5
5000 17.9 16.6 17.4 18.6
10000 35.0 32.6 344 36.8
AC 100V
8
s |
@ 12
o
AC
10 100 1000 10000
Frequency (Hz)
B5.1 SNEM 2 E—-42RICKZERBH



Current (mA)

JAERI-Research 2001-032

J—OBROEBAS (mA) 99.7.13
B |HRAETOHM| Bt Y— | y—TLDH
H; Va2 Va2 Va2
50 0.1 0.0f 0.0
100 0.3 0.0 0.1
200 0.7 0.1 0.4
300 1.0 0.2 0.6
500 1.8 0.4 1.1
1000 3.6 1.0 2.2
~.2000f 73 20 45
5000 17.9 5.0 11.2
10000 35.1 99 22.1
O
Y e
AC = . r—2Z®
AN
4
AC =X r—2Q
a
o =1
AC ﬁ 7—23
100.0
AC 100V D é
\ O
10.0 \ 5 A1y
a
A\\
1.0 O A . — el e}
oA
A ad
O - .
0.1 —O—I—D OFtRIZETOEHRI Va2
A—TILDOH Va2
ORPBtY—Va?2
0.0 |
10 100 1000 10000 100000
Frequency (Hz)

B5.2 —7IIERUVCBEERONAERS E—F L RAICRIZFTRR
(BWREBGESFREMFHRZE)



Current (mA)

JAERI-Research  2001-032

r—JILER)—OBROER (1/2) 99.7.15
BIR# Db —T L AMr—JIER Mr—JIER
H, w =)L 1emlA | —7)LR10emEL b
50 00| 0.0 0.0
100 0.0 00 0.0
200 0.1 0.0| 0.0
300 02| 6of 0.0
500 04 0.0 0.0
1000 0.8 0.2 04
2000 1.8| 0.5 04
5000 46 15 1.3
10000 9.0 3.2 2.8
O
I/ i
AC == 1 — |
]
L |
AC = | — |
/S
AC e - 1 —
100.0
;"{" —_
o2r—JIL AC 100V
OslTr—7IILER
100 — 4#—JMMiemPplm o E—
ARMTr—JIER 0]
—7JJLM10cmil E o W
W
1.0 - @)
o W
0] O
0.1 O—————24
0.0
10 100 1000 10000 100000
Frequency (Hz)
5.3 4SO E—F U RICRIZTr—TINEHOEBOER

v
(BWREBBESTFREMEHREKE)



JAERI-Research 2001-032

250 DBF ey T vs )—DOER  (mA) 99.7.15
’a;‘iﬁ oy 0sm | FovTam | Frod tm | v em
50 02 0o} 00} 00
100 02 00l - o0 00
2000 03| 0.1 01| 00
3000 o4 0.1 02l o4
| 500 05| - 02 0.3 B 0.2
1000 0.9 0.5 06 0.4
2000 17 1.0 12| 1.0]
i 5000 3.8 2.7 3.1 25
10000 7.1 5.3 6.0 5.1
100.0 ‘ : .
. -4
AC 100V | (/F:”‘E : BE135mmX t 32mm )
o 7 \
o0
10.0 7 ¢¥777 i
u llllIYI/II 111 ‘
< |
g |IRERERNNNNN] T 8
510 . ME
5 o ©
O O A O F+v7 0.5mm
© 0 A @ A Xy 1mm
0.1 o= O % +vy7 3mm
& Xy emm
0.0
10 100 1000 10000 100000
Frequency (Hz)

B5.4 58SV E—FRACRIZFTEBEROLEORR
(75 BF¥FYvT)



lo/loTt=130¢

JAERI-Research  2001-032

O Va29/10 ® Va3 9/10 O Vb2 9/10 ® Vb3 9/10
® Vc29/10 ® Vc39/10 0 Va2 9/14 B Va3 9/14
O vb29/14 B Vb3 9/14 B Vc29/14 B Vc3 9/14
A Va2 9/16 A Va3 9/16 A Vb2 9/16 A Vb3 9/16
A Vc29/16 A Vc39/16 ¢ Va2 9/29 ¢ Va3 9/29
< Vb2 9/29 ¢ Vb3 9/29 ¢ \c29/29 ¢ \/c39/29
— BRGEAERL
1.2 |
1.1 - (6.1
1 /
0.9 o —
0.8 ©
' / 2 A
0.7 [A ‘>
0.6 /
0.5
0.4 |-
0.3
0.2
0.1
0 50 100 150 200 250 300
Fluid temperature (°C)
B6.1 ERSPUVEASKOBIEGHMELLOKREKFYE




JAERI-Research  2001-032

ERGEEYEIIAHEH

i

o
b

(s/3%01)
FrBnE

)

— %S _ H

sz EY
BT

(BdW0?)

%
W

o

T

8

)

(Zx MWNSZ) BBt

o i)
(S/2AG1) gug

il

A%

| mm—LY|

bR

o {m

C

=

o m
H w R = N o
JiiEEEXE
(MW9) 1M
9 m m
! I L T
4 m al |a| |a& !

- m al |wl (=
Ty m ) q e m
5| | _

BERERE

HERAL LA LE




JAERI-Research 2001-032

tEHFLFL 3B

H8. 1.2 ABREEHSZHE



Elevation (m)

JAERI-Research 2001-032

Grid spacer position

3.52

3.016

2.504

1.992

1.479

0.96

0.45

Elev. id.

(3.66m)
(3.45m)
(3.3m)

(3.15m)

11 (2.9m)
10 (2.8m)
09 (2.7m)
08 (2.6m)

- o ek
N Wb O

06 (2.3m

05 iz.zm)
04 {2.05m)

07 22.4m§
03 (1.9m)

02 (1.3m)

01 (0.85m)

3
>
c
© O
0 2 5 O 0 o
2 g g2 = 3
e & ® 2837 8§ 82
& E © = 8B €8 €3
s & £ § © g & o = o =
_ 'c [ Vman - o L R
3 5 2 & [3B k! B
r o©o S & 40 O &)
37 3.71 O 03.71
TFa4| Va4 TBa115:TBa215
TBa114 @ TBa214
Dpaul (P TBa213
(D TBa212
3 Az Bal111 @ TBa211 ?TBa311
D276 E TBa110
Va3 @ O TBa109
Y58 a109 ) TBa208
TBa107 ® TBa207 (P TBa307
D TBa106
> (D TBa105
dTBa303
1.45 (DTFa3 1.453
s QTFa Va2Ag (P TBa302
D 1.20 %
1 1.013*
@ 0.90P 0.90 f § () TBa30t
TFa2| Vai
DPall
0 ATFa1
\)
ONO)
FP1 Fail -0.38 (to Lower plenum)
F HHHEBRI b, c DEFHBAMEDR L
2 @IZDNBRHICER
3 va2l3Bad@/ X)L
8.1.3 HMIHAERSBaDFBHAMUE (—HESHRERLE)



BHIpMEEO=zO

KA FRHEE

JAERI-Research 2001-032

f‘) -
Va2 wEERB x| 7V
AN | [ 4 :
| EmE :
Fvn
2a-7
B48.3.1 KA FRHEELROER



JAERI-Research 2001-032

BEBRES 1202021 (Channel a, £ H— Va?2)
,- “. ;..,?_,,, . -

a=0.2

y
A

Al TRy T T WV

@=029 T} @=0.35

=WV T

@=0.40 | Ml o =0.47

A
Ja.
(=]
g -
(7]
A

. 100ms :

WM «=0.53

W o =0.55

W o -0.58

B8.3.2 KRAFEHOKMRES (TWPa, 13 3kg/mis)



11070928 2MPa
(o] Arithser
m)

A

sm

JAERI-Research 2001-032

0) - Arithser

0
sm {1—DPa1_zerol£lo)s 11070829} -sm Va%)) )
1-DPat1_zeroHos( 11070823

(1_1070929}&
-sm(Va2_T_Hosei_typ(11070928) )

1.00 T T T T
0 (1) BEME 1.20m
w L
Y 080
]
P-4
O 060 |
[
Q
L o
T 040 |
a 2MPa
o 2 133 kg/m's
S 0.20 Wi
1 I 1
0.00 o 0.20 0.40 0.60 0.80 1.00

11070928 2MPa
Arithser

o]
a
A

sm[p —DPaZ_zeroiglo)sp 1070929}
sm((1-DPa2_zeroHos|

VOID_FRACTION_CAL

0) - Arithser (é]) )
—smEVa )] (1.1070929)73
11070828) -sm(Va3_T_Hosei_typ(11070823) )

1.00

1.00 | . . T
0 (2) Bt 2.76n
(¥8] -
4 080

1
=
© os0 |
’—
%)
<
T 040 133 kg/m s
e|
o
S 0.20

0.00 0.40 0.60 0.80

VOID_FRACTION_CAL
K8.4.1 aula, D& (2MPa, Fv 2 a)



JAERI-Research  2001-032

1105202 0.2MPa

o Arithser (0) - Arithser 0)) .
a smEEPDPm_zeroHosep105202; —sm%Vb "0_hosei) _ (1105202) )
Asm{{1-DPb1 zeroHose{1105202) -sm{Vb2_0 hosei_T_Ho(1105202) )

1.00 T T T T
73]
< wso | 0:2MPa |
= 133 kg/m s
= 1.20m
O 060 | g
'—
(&)
<
< 040 .
1 o
o) O k:E#81ERT
B pA
g 0.20 A KBHIER |
aor I I L
0.00 7 0.20 0.40 0.60 0.80 1.00

VOID_FRACTION_CAL

1105202 0.2MPa

0 Arithser (0) -  Arithser g)) ) ’
a sm{ 1-DPb2_zer0HcseE1105202} -smEVb _0_hosel) (1105202% )
A (sm{(1-DPbz_zeroHose({1105202) —sm{Vb3 0 hosei_T_Ho(1105202) )

1.00 r r n |
0 0.2MPa
z | 133 ke/m's
P 0.80 2.76m
zl
© oe0} .
l—
3
L-
T o040 | .

1
a O KERHER
S o020 A KBHER

| 1 |
0.00 % 0.20 0.40 0.60 0.80 1.00

VOID_FRACTION_CAL

®8.4.2 a,&a,nDtE (0.2Wa, F¥xIb)



JAERI-Research  2001-032

1.00

7MPa 0.1kg/s
sm[? DS Pal 2erol&%’se[1202021; EVa(Z) (1202 0212 %
sm((1-DPa1”zeroHose(1202021 Vb2_T_Hosei_typ2(1202021) )
1.00 T T T T
m ~
< (1) Fy>xla
w
1.20m
2, 0.75 I 7]
=
o
P -
2 050 I 7k;mﬁIEﬁU [f —
r 7MPa
| 2

a) 133 kg/m's

.25 s . 7]
o 02 ARWMER

! ! ] ]
0.00% 0.20 0.40 0.60 0.80
VOID_FRACTION_CAL
K8.4.3 a,&a, DB (7Wra)



JAERI-Research 2001-032

7MPa 0.1kg/s
o] Arithser (0) - Arithser (20) )
a(smi El—DPbl_zeroHosepHZhS —sm{Vb ) (1112213 %
A{sm{(1-DPb1_zeroHose(1112213) -sm(Vb2z_T_Hosei_typ2(1112213) )

1.00 T T T T

2 FyRIb
S om0 | 1.20m
Yo

]
3
- 00T 7MPa )
p 133 kg/m s
T 0.40 .
9|
8 0.20 O KEHIER] N

A IKBHIER
0.00 0.20 0.40 0.60 0.80 1.00

VOID_FRACTION_CAL

K8.4.4 a,&a,DE (7Mra)



JAERI-Research 2001-032

11070828 2MPa

o Arithser (0) = Arithser (é:]) )
a(sm 1-DPc1_zeroHosE11D7DSZB; -sm{ 70828)}8
A smEh-DPm_zeroHos 11070928) -sm ch T Hoset _typ(11070928)
1.00 T T T T
n
< (1) BEGLE 1.20m
w - .
s 0.80
1
pd
S 0.60 [ -
'—-
&
<
& 040 [ d
1
=) 5 2MPa
© 020 KERER 133 ke/ms ]
1

| |
0.007 0.20 0.40 0.60 0.80 1.00
VOID_FRACTION_CAL

11070929 2MPa

0 Arithser (0) - Arithser (d
a smEE1 -DPc2 zeroHosEHmUBZS% —smEVc ) (11070929;8
Alsm{{1-DPcz_zeroHos(11070929) -sm(Vc3_T_Hosei_typ(11070929) )

1.00 T T T T
2 (2) BEHIE 2.76m
w = .
X 080
|
4
© 060 | -
.—
. 2MPa
T 040 133 kg/m s _
1
o
o] _
> 0.20
0.00 %9 0.20 0.40 0.60 0.80 1.00

VOID_FRACTION_CAL

[K8.4.5 a,&oa,DLE (2MWPa, F+x)c)



JAERI-Research  2001-032

7MPa 0.1kg/s
o{sm{cﬂnzzw_x_Vbzg 1112213) - sm{ 1-DPb1 zeroHoseiEU
0 (sm(d1202021_x_Vaz} {1202021) - sm((1-DPa1_zeroHosei(0

100 T T T 1 ] T 1 1 1 T 1 1 1 T 1 1 1 T 1 1 1
" 7MPa N
- O vo- X ]
- AP 1.20m .
~ 0.80 [ | B
L L O ayuy=a,p(Fig.8.4.3) =
g [ 0O ayw> o ,p(Fig.8.4.5) ]
- ;Q* o]
° t L: a® .
« - qgch ]
T 5.40 | C .
o) - .‘ﬂ ]
(o] - i
> 020 O @‘- ]
@00 i
5B :
1 1 ] 1 1 ] 1 | 1 1 ] ] ] ] i 1 iy | 1
0.00 7 0.050 0.100 0.150 0.200
QUALITY
7MPa 0.1kg/s
O (sm{d1112213_x_Vb2) (1112213} - sm(Vb2_T Hosei_typZ (0
nEsmEd1202021_x_Va2 E1202021} - sm(Vaz_T_Hosei_typ2 ED] ]
1.00 [ T 1 1 | r 1 1 1 1 1 1 T 1 1 1 UL
- o N 7MPa -
B M- |
- N 1.20m i} % B
DR & op W ° 1
z C #°° .
'S_’ 0.60 [ @ .
0 : ? ﬁl":' o@o | ]
é - fol a1 ﬂ ]
o 0.40 [ Al i
B s _
(=] N @ o ]
g 0 - o 'In O aVM._—. a Ap (F|9843) 1
0.20 [ O aw> o ,p(Fig.8.45) A
i 1 ] | | ] | ] { i . ] { 1 | ‘ 1 | 1 1 B
0.00% 0.050 0.100 0.150 0.200
QUALITY

K8.4.6 Ux+xUTFq&RAREDRR .

0.250



JAERI-Research  2001-032

7MPa 0.1kg/s
0 -- sm((1-DPa1_zeroHosei(0
" @-- sm((1-DPc1_zeroHosei(0
@-- sm((1-DPa2_zeroHoseil D]
m--  sm{(1-DPc2_zeroHosei(0
100 T T 71 [rrvri 1 171 L L LI A B
L | ap-x 2MPa .
~ 0.80
=~ @m o 0%
=z ua ] ol a % Egl =
© 0.0 ‘ﬁ% :
= & N
U —
< .
s o8
o 0.40 ]
o 1.20m_ 2.76m )
0 ach O __Oi—»aw=a,, A
’ —
> 020 CCh L__l . _’aVM>aAp -1
l ) | | I L )| I I | I | i | I 4 N

0.00

0.100 0.150 0.200 0.250
QUALITY
7MPa 0.1kg/s
- Vaz_T Hosei typ? (0
CII  SmiVerTtoseNps [a]
O-- sm(Va3_T Hosei_typ2 (0
m -~ sm(Vc3_T_Hosei_typ2 (D
1.00 L I T
~ 0.80 EF“—"“—'_
' -
Z 3
© 0.60 .
|— -t
O .
< 4
o
@ 0.40 ]
o N
g g " ach | __‘;'_:_’avmi?aap 7
0.20 a cch (@) W —-ay>a,p a
. | | | ]
| | | 1 | | { | { | | i ! ] } 1 1 { 1 | 1
0.007 0.050 0.100 0.150 0.200 0.250
QUALITY

E8.4.7 auba, D& (2MPa, Fv¥>3RJa)



JAERI-Research 2001-032

1105202 0.2MPa

DIFFERENTIAL PRESSURE (MPA) DIFFERENTIAL PRESSURE (MPA)

DIFFERENTIAL PRESSURE (MPA)

8 NSRS (HOSREE) SmBRRY (HiEREER) )

0.0050 T T
b channel
0.0040 1
y O 1.20m
00030 § O 2.76m ]
0.0020 N
0.0010 7
L L 1 1
0.0000 & 0.10 0.20 0.30 040 0.50
QUALITY
11070929 2MPa
[o) 11 x_Va2(11070929) F:; 11
smxd11 CVa3{1107 <M 11
i e S
0.0050 T T T —T
2MPa 1.20m 2.76m
0.0040 achannel O 0O i}
0,008 cchannel A < 1
0.0020 .
" oo
0.0010 4o N oo .
o m 1 1 L 1
) 0 0.10 0.20 0.30 0.40 0.50
QUALITY
7MPa 0.1kg/s
O (sm{d1112213_x_Vb2) (1112213) -am(DPb1) (1112213) )
0.0050 T T T T
ooosot 7MPa b channel .
1.20m
o.ooao&% ' -
0.0020 [ \ ) i
%“
0.0010 [~ ]
0.0000 0 0.10 0.20 0.30 0.40 0.50
QUALITY
K8.6.1 4UFqtERDOBR



JAERI-Research 2001-032

1105202 0.2MPa

(d11 1z¢ro
3] 0 _Rsei
BN BRER

1.00
ol 0.2MPa - i
é 060 I Ad‘?*?% Dark « VM
E onld S White @up
2 : a®
020 O® 1.20m ’
o0 AA 2.76m ) )
% 0.10 o.zguum 030 0.40 0.50
11070929 2MPa
%&3?‘%{‘8{
1.00 T T
oot 2MPa -
- 1.20m .
- FLA -
Lo o040 N
g Dark @ ym
> .
020 White a ,p _
0.00%5 o.loso o.lga’mw o.|1so o.'zoo 0.250
11070929 2MPa
; BER
1.00 . T T
L 2MPa s i
R 0.80 > 76m .""0“ W--; o
o | 2Ty o
é 060 |
Q
2 &5 <
5 A . Dark (6 VY]
020 ,n White & ,p -
o
0.0075 0050 Ofmnm 0150 0.200 0.250
7MPa 0.1kg/s
SERENIBI BB N - ST Rl
1.00 T T T T
o @
[ TMPa . . g -
53 | 1.20m X
g 0.80 , om0 W @)
R e -
e sP
S 020 F oﬂ Oof Dark Aym
3’8. White a ,p
000 3,050 o.lgaww 01 0200 0250

[8.6.2 U#+UTq&iRKAREDBFK



JAERI-Research  2001-032

0.2MPa, 0.1kg/s
o (W07 (1105202) -smi(DPb2(kPa/m)) (1105202) )
10.0
% 0.2MPa
133kg/m s
75 ‘
_ T UQ=U|
3 _7 g — 1 2=0.8
g:f 5.0 L
5 «—— AP, OF5
T
x /
° 25'TRAC p— FIC& u=0
APHT';'TJ ‘ﬂ\ ____________ @=0.8
00, 25 % 75 100 125
POWER (KW)
2MPa, 0.1kg/s
S iwee {11870323) —smiBpeztibamy (11670a28) |
10.0 T
2MPa
133kg/m’s
7.5
E
é 5.0
E R e 4-—_‘_/ Ug—lg 8
° 25 . @ =0.
TRAC O— RICK B AP, Fll
miTle— AP, OFS
004 25 50 75 100 125 u=0
POWER (KW)
7MPa 0.1kg/s a=0.8
O (smt(Wo7) (1112213) -sm(DPb1(kPa/m)) (1112213) )
10.0 ,
7MPa
133kg/m’s
7.5 1 B
T
g S
z o |
g %
E UQ=U|
2 TRAC 21— Hic &3 AP, 8 / %=0.8
AP, DEE
00, 25 50 75 100 125
POWER (KW)
U|=0
a=0.8

K8.6.3 MEELARVEBBROSERICRIZITEE



Correction of apparent void fraction to take into account of

DPf and DPa effects

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

JAERI-Research 2001-032

|l oo

0.2MPa
2MPa
7MPa
UFUgEﬁE
UFOE"ELE

L

L

L

0

8. 6. 4

0.1

0.2

0.3

0.4

0.5

0.6 0.7

Apparent void fraction calculated from measured DP

EERRIRK . MRBRERISEEAL-IRZEO ST

0.8



JAERI-Research 2001-032

1.00 l u l ;
(7)) 0.2MPa
< 2
133 kg/m s
81 ] -
s %80 [ 4 20m
1
4
E 060 | .
1) APt AP DHIE
L4
< o040 .
9|
Q o020} 0 ’P“ﬁﬂzﬁﬂ )
A IKBHIEHE
0.00 g* 0.20 0.40 0.60 0.80 1.00
VOID_FRACTION_CAL
1.00 1 n 1 .
2 (2) BEAIE 2.76m
w L ]
Y 080
1
g APa'l‘APfU)ﬁIE
S o060 .
-
0
<
T 040 | .
1
a 2MPa
2 0.20 133ke/ms
0.00 0.40 0.60 0.80 1.00
VOID_FRACTION_CAL
1.00 T T T T
” (2) F¥yxIb
5 i 1.20m i
4 080
1
=2
© 460 -
2 AP AP, OWIE
3)
<
T .40 -
9l
o) 7MPa ]
> 0.20 133 kg/m s
0.00 g 0.20 0.40 0.60 0.80 1.00

VOID_FRACTION_CAL

F8.6.5 MEBLRRUVERIRKCERLLREDHLE



LK BEHAER

RA KR

ICLBEHHER

KA RE
© o 2 2 2 2 2 2 2
~ro

o

S o oY N o0 w

w

JAERI-Research  2001-032

ool |

__,1 K:_][) ) | o TI .
; K=1.1 !
‘ —a—K=1.2 %
| ki 7
[ 1 -
FAY
o

‘nbﬂ"x; s

.
!

N
N . |

1 RO BORIE
R T

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ROFERA LR

K8.7.1 KA FEIROFE (BIHE)

//L/A
///
pa
y
//W ,
FLBEERHOHBOBRTE
RE: FOBSEZHFEREIG
RA BE(CLEH
: : {
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

REDFHRA RE
®8.7.2 HLEBEEBBRHOXE (BiFiE)



JAERI-Research  2001-032

.....

Q
=
8 £ @ & e
(=]

o Q L=1

(s/B%)) 3181 MO|4 ‘UONOBY PIOA

Time (3)

[=} w [=} w =]
= ~ n N <
o o o o

(s/63) a1e1 Mo ‘uofioely PIOA

Time (s)

g B B 4
(s/6)) aye1 mol4 ‘uonoely pi

,._ ,k.ih&irbg

o

OA

800

Time (3)

1.2m)

AR DH (7MPa, Qcy=132kW, Z

1{2H

RA RE

X8.8.1




JAERI-Research 2001-032
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- R—CEE | @ES AN EE¥ 2A9F HvbA 7B OB BER
(Hy) (Hy) (ms) (ms)

O-@ 29 50 BA - 20 89
31 100 BA - 22 80

33 310 BA - 30 79

35 1000 BA - 21 40

37 3000 BA - 29 38

39 5000 =A - 30 39

O-@ 30 50 A - 20 178
32 100 BARK - 18 192

34 310 BAR - 18 180

36 1000 ()4 - 21 198

38 3000 BAK - 19 180

40 5000 BRI - 20 181

£932 XEEBRBRUVIAINA—DATYITHE

=2 R—CEE | @ES Jkiglﬁ;’&?& 249F HybA BRSO EM| BE
H,) (Hz) (ms) (ms)
®-® 1 100 BA 10 60 80
3 310 H=A 10 45 81
5 1000 BA 10 50 83
2 100 B 10 51 200
4 310 BAR 10 50 200
6 1000 B 10 60 210
O3 7 310 BA 1 210 300
9 310 HA 2 130 165
1 310 BA 3 105 130
13 310 BA 4 90 105
15 310 A 5 80 95
17 310 BA 6 70 90
19 310 ‘A 7 70 80)
21 310 HEA 8 60 80
23 310 BA 9 50 85
27 310 BA 10 60 70
25 310 BA 999 25 80)
OC) 8 310 5 1 175 440
10 310 BRM 2 112 280
12 310 BRR 3 70 250
14 310 AR 4 70 223
16 310 B 5 65 215
18 310 B 6 55 225
20 310 BARL 7 55 225
22 310 B kK 8 50 210
24 310 B 9 53 210
28 310 BAR 10 50 210
26 310 BAM 999 20 200
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