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Rod Bundle
(Joint Research)

Toru MITSUTAKE*, Kozo KATSUYAMA *, Takeharu MISAWA, Tsuyoshi NAGAMINE ",
Masatoshi KURETA, Shinichiro MATSUMOTO *and Hajime AKIMOTO

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 6, 2005)

In tight-lattice simulated rod bundles with about Imm gap between rods, a rod displacement might
affect thermal-hydraulic characteristics since the displacement has a strong impact on the flow area change
along the heated section. It should be important to estimate how large the rod position displacement could
quantitatively affect critical power for the tight-lattice rod bundle from the point of improvement of
prediction capability of subchannel analysis. In the present study, the inside-structure observation of the
simulated seven-rod bundle of Reduced Moderation Water Reactor (RMWR) was made through the whole
length of the test assembly. Based on the measured rod position data, the relation between the rod position
displacement and the heat transfer characteristics was investigated experimentally and through the two
kinds of subchannel analysis, the nominal rod position case and the measured rod position case, the effect
on the predicted critical power was estimated. The high-energy X-ray computer tomography (CT) of Fuels
Monitoring Facilities (FMF) at the O-arai Engineering Center in Japan Nuclear-Cycle Institute (JNC) was
applied for the inside-structure observation of the test assembly.

The CT view of the cross sections within the test assembly assured the hexagonal rod position
arrangement was almost the same as expected by design. The measured data with the X-ray CT facility
showed that all rod displacements were small, 0.5 millimeters at maximum and 0.2 millimeters in average.

In the heat transfer experiments for the seven-rod bundle, the boiling transition (BT) position and the
rod surface temperature behavior was measured. All thermocouples on the center rod downstream from the
BT-onset axial height showed almost simultaneous temperature increase due to BT. And the thermocouples
located on the same axial heights showed quite similar time-variation behaviors in the vapor cooling heat
transfer regime. These results demonstrated the effect of the geometrical asymmetry was small on the heat

transfer characteristics.

This program has been performed under joint study between JNC and JAERL
*On leave from Toshiba

*Japan Nuclear Cycle Development Institute
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Using the displacement magnitude and direction of the rod center based on the X-ray CT measurements,
the flow area and equivalent hydraulic diameter on subchannel basis and rod-rod and rod-shroud
clearances were calculated. The subchannel analysis was made using the input data with the CT measured
results of the rod positions. The calculated critical power with the CT measured rod position was smaller
by about 5% than that with the designed rod position and still overestimated the measured critical power
by about 25%. It concluded that the error in the calculated critical power with subchannel analysis was
attributable not to the asymmetry in the rod position, but to the thermal-hydraulic models implemented in

the subchannel analysis-code.

Keywords: RMWR, Critical Power, X-ray Computer Ttomography, Rod Displacement, Subchannel
Analysis
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3.2, 3.3 IT. MREHE—REHE, REHE— > 250 RHORNHERERR & T 2R8ES T
F v X INDEN L BT TF v o xIIEE, YT F v o XIVHOF v THOEEZRT,

Oy RH. O R Li~LeEADOYTF v rRIVRKHEBRE L. KOBERE. REEREHE
FREES 25T RRIOR/NEREF v v NE ) IFIVETHBLELZ, FL0y REDO
BT F v ) No.1l~6 DHRBEHEEL. BELOEF v v 7 No. 1~6 DF v v TIEOE FZE1L
ZE3.4127R7, M34MITRTEDITHLOY RED DY TF v > %)L No.1~6 DI HEIL
J 2 FIMED £20%DHEEICH o7z, £ fHL2OYTF ¥ o RIVOBLOE#RT., YT F v
IV No 1~4 13 F ¥ TRBEENE <. ¥ 0 TREHENL< 725 ERZERL, oy TF
¥ > %)V No.5. No.6 T/ I FIVEZH NI /NS bz Rr LTz,

BRI B LI & 5 R EHEA R OALE 2 /B L T 3.5 1R T, KR L 7z8lihmfL
BIIEA S S 370 mTHL Oy RED OREHENEERMNETH S, LD, L0y RH
DALEE / S FIVAEICH DAY, SHE DT B Ly, Le, Ls, Lo, VL0 RERZZEA L. £ OREHE.
ERlD F 135 . ERDT 225° ORIEDRENMEE>TWS I ENbnd, £ ABOVE
Ls, Le /&2 70 FANCEM L. o T RO )T T2 ZMWEA L Tin,

4 BT, INoofERE, BAERO BT BEMEZFIESES I &ICED. BEHEMED
BN RIETEEIDOWTHRHT 5,
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4 REEREUERE LN O RIS TR A8

X# CT KK DWEZIT o /2 7T AN RVl e AW EAER T, BT#RRZAFBDH
Az rFLTRELFZHAL, BT BEMBERX b BT MOBREREHEXRTIRERE 28
KUK, EREEORE EORBEICIIWEAIC 60" OEERUFMENH DT M6, BT RN
ECRBEREHERMBERBHEEROMHEZHFAND &Ik > T, BEMREBI BN DR
BIIOWTRAT 2, KIT, SEEIE U2 EEREHEM B O EHIEICE D < U T F v > Rk
HEEDOANT =5 ZHNT, LREAERBHTEZTV. BT BAEMBELRALIIITOWTHE
BEEERT 5,

PLEDFRERICEDNT, RN O FRIREICRIE TR BEAM ORI T EEFHET 5
T, T F ¥ RN OSHDOBEEELD D,

41 X#CTHBEEAVWGRER

ARERG RIS, B 7.2MPa, BEHHE 100. 200. 400 kg/m2s. ADH T 7 —)VE 5K, &HM
HANFIEF LDy ROMAERE LDy REA/ 0y RiEMZE 138 ELdhhay RE
— 7 WA WARE A mEEIORTEA RIS 2 DOE— DOd 2 ZEFLEEE (double —
humped) TH %,

EBRT, FEDESN. ADME. ADRESRICRE O, REHEREICE D (1T 2 8&E %
OEFEERLENS, TANY RVOMTENS AT v TIRTHEMS E7202,

4. 11T TARNY RIVREABIK OB 5 4+ AT O 5 MZABHE D MHALE 2R T,

4.2~ 4.4 1) —TREEOA QM OES., ADRE., ADRE., fLoy R, SLE
Oy RH, BEORENZABRBEEORMELLZ2RT, FERTIE. ABREREDZDD
NJw THREREZ 500CEBHELDEDICHREL. BT ICX2REELENHALTH, 51T
HMAZEME T, LHOMBN TRE EREZHRT5LE CHF ER0OE T /2, ZHITL D,
BT U7zf7i& & BT LR W& &2 BHREICHIBI T 5 T &2l A7z,

ZEOER T, (RERFH 100kg/m2s DEFEZFRW T, B A& E 970 mEZ3) DA ET v R
THRAODORE EFNBED, PLOy ROTFRAITRE ERZRUZN, K0 EROMARE S
840 mn(Z2) DR FARKALE Tid, BABEMORE LRIZERI N o7z,

4.5~ 4.8 12, BAEIHAE R Z B IBEE A Twvan & BFTRERRE & ORGTEEL
TeRERZRT, HITRTEDIT, BMRH—ELHICPIT2RELFICERTA I EICLD, BT
ZHAMEICHETAIENTES, HAEMIE> T BT RERXKIABELANEL 5 ETORE
EHROERIT, FELTUTOLDITEED B ENTES,

1) AN & T BE T 0 BA )N [ELR B 1T S 0 (B s B k=)
2) ISHICHAEMEINSE 5 & BEmBEAENEHD ELITZIE—E
3) BARH—E D4t T OBEFIREE OB O ER)

EEO OHEMCK U TEmMBRAEIE F L. SR EINT 52013, SCHkue~Co (2

LG I, BT OFEESELTHSNTWDA, AN ZASIFAMESNTHRN, B
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HNEBELEE DK FIE, BT 24RO 84%~93% DEAMK THEL, K TIRIL 1~ 2KEETH /=, &
B IFICBIT D BT RIOBEGBAEDK T, Oy REBEFLOy Ry AFDy R, BERK
H1d 100,200,400kg/m2s DNTNTHEBR I NIz,

AOHEBRRORLLHBR T — AT LI ABHERERZ BT RAEMBICEE U TEE L

4.1.1 EREROHEIEHER

(1) HEEFHFK 400 kg/m2s D7 — X

K 4.2 ORAEMNHEEORMAE(LD ., WiAmMES 970 m (Z3) DEVE L& ﬁﬁ%%@ﬁ
O BTALERFLOY REDD 3 »rOBRE S H-1, H—4, H—10 &/ EO Y B Ly, Las Le®D
2a U Rl Lli—2, Le—1, Le—10 TH . MMOABEBRIALEORE EFITEZR ém@#oto

SCER@OT BT HIEICH W B R ELE E ] 20K 28k 2 /- BERMIEL. F.o0y REDOH
—1. H—4 THD. XEREILI H—4 THE 450CICEL 2. AEDY READ TR, Li—2. L
=10 THD. Li—2 TidHEm 370CITE Lz, BROBEELST. BOCHAEO Y ROEEN
friE Li—2(H77 106.4kW). KiZ Le—10(HH71 110.2kW) THFA L7z, L0y RED QOEEN
H—4 TIZ3HFBICHT 113.3kW TRE LEMNA U 17 116.2kW ThEIRE 450CICEL /2.
TNIRAORE EANSHK 9% @mNWHATH D, BEmERAE LENREL THSERICET S

WCRBEDHDZEEZRTHDTH D,

Fo. PR TEELERK 4.5 ORRICES &, LDy READ QEENAIE CIIEEL
%H—wéﬁm3&%?&f”ﬁmfﬁmﬁ#ﬁi TEOIRRE TREMIRELE N L 7T 5 BURE
DOEBREGDIEL TSI EERLEZ, SMEDOY RTIE. /177%M®Lra:uwwf
BT U724, b0y Rl Le—4 T BT ETELERBN DB T E &R LUz,

iz, BEEEEL, A0y ROFRFLOY RITHXTENo 2, SAEDOy RO BT #4%
DART DEEMBAEL. Le— 10(12K) >Le—4>L1—2(TK) & & 10K 2 2, iy b 5~6K
WZHARTEN o Tz @74 U T 4 FETORMBAEER hreld, 2EOERMEBEKX OB X
D, RADEDITETBHZEDNHISNTNBH06~08),

hyp < hy (x)b (12)
h, «(Re, ) (13)
Re, = 9_(_1:_’_‘)_1?_11_ (14)

Ky

I T ALVEIRABIC K DR G REMRER, ¢ 137 4+ U T 4. Reo ZWHML 1 IV ZEL ab
WSIEDERET S, (12),13)EK D, Arpld. MEPKENVWFEEEZT7 4+ U T DNRENFE, K
EL B IEERLTVS, AEDOY RO 2T RATTEEBEENK Z < BMEEEINNT N
Z&E, oy FEDICHENTEREERKR., K7+ U T4 THoEHWETES,

(2) HEEFH 100,200kg/m2s DT — A
X 4.6, K 4.7 XOEBEMBEE FrAE U BvEMAEIL. EREIE 200kg/m2s THEH.LO Y
RED EAETY RO 257 Rl Li—2, Ls—6. Le—10. BE&EHRHK 100kg/m2s TEH.LEO Y

__7._
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REODEAFDOY RO 2577 RAILI—2. La—4. Le—10 EH0mw R Lya— 11 TRE EFEMN
£ U7,

4.1.2 BT REME

B 4.5~ 4.7 OWBEHEFEEICE D BT NEUEREMIBZHTEL TR 48 12EED 5,
BT #AEE, K 4.5~ 4.7 X OZBEE TRABEAL ZIT—EDOREN S, BIRR—EDOEHT
BEMEAAEN ER o REEEEL L THEL,

WriEi N D BT FAEMBOIAMDITDONT, LTICEED 5,

(1) FLoy R HOED T BFMEE Z3~Z5(NEH O K TE D 411} 7= 2B %
DOTXRTTEIZFARLIC BT NFEEL., FEE2AICKATWEEEZ SN S,

2 AEDOY RO 259 RICET2H T AMES 23 T AD/ED Y RTBT
MECz. BiAmES 24 TR 1EA0D Y R(s—10)T BT 24 Uk,

UEXD, ity RED TR 72 AEFOITXTTBT NFEEL. SMEOY PO o
0 RAITHE, BAMEE 24 T1ADOO Y R T BT 234 U223 &40 BT W4 U 7=l 5 1A
S Z3 TRE6 AP 5 AT BT NELK,

PDEDE21T, MEANTO BT fIBEDEND ZRNFER, IEGHEINS Mol &5,
X # CT THIE SN EHEEL B OE M ORI NE Mo e B 6N5, TNIZEER
EToOy FIBORD OREMIEBRREH TN <2500 WS HERAREFE L7
WEREEZ BN S,

4.1.3 WHIEEBEZOEEREERMIREEE)

ATET Tl BRAEHERLE O IEM NGRS AT TRE L U T, BIEEB R EMEZ H
Rz, BE T, WEERZOD Y RREAEENEZRICDONTHRAND,

X 4.9~ 4.11 12, EEHHE 400, 200. 100kg/m?s S4BT 5, BRSO F.LOy RE
0 D F 72 EE B E#5 R & BEENEZLE A Twan=Twan— Tsat I2BHE LU TR, KPIRLZ TBTY
VRE EFEN BT HEHMEEZBARAEZRL, N> RIVHADEIRRICR Uz BT onset) [ E45E
MR E R BT 2R L 2R S 2 Rd, (78 B ICEEIDEIE U /- 5 BE il 2L B 4 05 m
EALE Z EI2RT,

BUZoR U 7= BvEB et DR A A& S AL 2 7 Fr, Hl oy RICERE S N 2B P IR
DNTHD,

(a) FHREBOH A A& = 1030 im(Z4), AX—Y{r@& : H—2, H—7
(b) MEEE O A MRS 1255 m(Z5) : H—8 H—9, H—11

EEDOQ). @QoEEREL, o0y ROMEAMIAEDORZSMEICIROMIToNTNS
DT, BEFROERIIMAFRNOLE{LERTHOTHS, WHMES 24 T, Oy RFv v
TE O NREEIZ T BB H—2) &L WREICE 9 2 B&ESH— 7). #h &S Z60n#m)
T, Oy RF vy TEOFNRERICHE T 2 BN H—8) S IAWREICHE T 2 4B H-9, H—
IDTH5,
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(1) EEHFK G=400kg/m?2s

R EWEBRRE G=400kg/m?2s DERMIZBNT, MMEEZs) OEEY H-8, H—9, H—11
£, 300CLA LT o MRIBEZEEZRL THD, TOEENOWER 14T MEOEL
BHOGHREICH D EEZO5NB, F-. Oy RFv v TEHORNRKICE T S HERT H
~8 DIRE L NIV INEWRIEICHE T 2D 2 DOBEN H—9,— 11 ITHTH 5K @ o 72,
ZDOZ & FRNREICE T A2 REOARERMES. (1D~UDKITRLELS T, KEE
W, BRI+ UT 4 THBIEERTEEZONS, T2, 3 ¥ ITTRTOERLET—
FEZEBERLAEZZENS. Loy REDOFEEREL 75° U EOME TR -> THERSS
HRRICH - = EHETE S,

A ME S 1030 mEZOICEHE S NARBN H-2, H-713, BROBERIA 7T NEED
N5=AWRO LR FEEEDIRLZNS 300CLL EOREIR L )L EHEEL TWhzaY, M
FUEEFERLEZ, TOLDIT. B AMRES 1030 mEl EMENG £ TIZBWT, fLoy RE
miZ BT iKREIChH o7z, o, AEBRTHEL LEBEANFIEFE CEFERLEZIENS,
Ly REBEFENC RN BESIER TE Moz, L L. ARBEMETI. B5mE
T 970 m(Z3) DLy RREICBWTH 4.3, K 4.5 IRTE DI RO KD BIERFRRIR
EEHEER L. BN H—4 TIBEE 100K 2L LOIZIFERD ShREWIRE L N)VITEL
THD., BEBHRETH-mEEZLND, —F. MLOZAER H~1, H—10 TIXMXRBZ
BEFREZRL. BBRBBRECHTZEEZENS,

(2) ERWEERR G=200,100kg/m?s

MR ZE) DEEN H—8, H—9, H—11 1&. G=400 kg/m2s E[FRERIT. 72 5D 7niRE L)
ERLUTBO, REBHOGERREBICHZ EEAS5NS, £z, Oy B vy TEHOKNIREE

ICHS 2 BB H—8 DIRE L N I)VMEWREEICE T 2410 2 DOFEN H—9,H— 11 1A
TENO I ENSFNRBICHE T A& T, KEERE. K27 U T 1 OBRERETH
HEEZOND, £, 3y T RN TOREMNIE T HEEHZRLZAD. G=400 kg/m?s
EFEETH - 2.

5 R S 1030 mZHITERE I NZEABN H—-2, H—713, G=400 kg/m?2s 2720, fI
B & FRR D S NRIREREE AR LT, BEAKBHOGRRIREICH L EEZ 5N5S,
FIREERSIAT7 T N EBONDZARRO LR TFREEEDRLENS 300CL EO®IR L
NV EHERL TR, mEERCEHERLZ. JOL DI, HARES 1030 mmll Fin#k
WMETIZBNT, ooy RE@IEBTIREICH D, REBRTRE L /22BN NTIERE U
BARL, Py REAEFRICERIREICR R REEIIBER s Naho 7.

:@&5 12, A @ S 1030 bl EnEkEG £ TICB N T, Oy REHEE BT %@zt#ﬁ
ZHO. AERTHRELZEAFHNFIEFCEHERL. 00y FHESMICEEIRE
%ﬁé’]f&%‘@]@iﬁﬁmé’ﬂﬁﬁ\ﬁ 7o
DEDESiT ooy REDICBIT2HEEREZEO D Yy RERIREET QI 2~
FER. XA CT THIE SN/ BEEHREHERLB O B ORI NEN - B R 53’%6

.._9__
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4.2 TABEM TR ORI FHIRE 2 O 5 Kk E
YT F v o xIER I RERWTHER TN Y BIVEZROBRRH N %2 FET 2050 ED
5. TEM RN > RIVEREBAORER H THEE & O ENMTHN TN 50700, PREHEAL
BEREIMEESUE L TER L2 RBEESE 2 A0 TT - 2@ Tl EBREE R TH 30%0
5 A0%EE S WREBAH N FREIEN TV, TORKELTRD 2 AOFERNEZ 5N5,
(1) fAET IV ORER FHRR O AN
(2) BREHE D OWEHENLE = HUE & T BIRE

Al B ICHE U RR A B O RAEZ AW TRBHEBEZHH L TALT -5 2R L
TIRAHNEROMTZIT N, ERROQOREHEMBEM ORITTHEB LMY 5 &3, B
RBHERALB AN 25 B LB E ORFAH N FRIBREZ O 2L 25 L T, TRIBE QR KM ERHA
BB EALICH DM EDINEHET B,

421 PEROYTF v 2 RI)VIENT TR R
BT F ¥ 2 IVEEMT I— K COBRA—TF & NASCA 1T & B 5HE /R S BTN RV
BRI EREREDLBEREZ IV T ED, TRIBZEICDODWTEEL /-,

(1) COBRA—TF I— K& hi®

B 4.12 1T, 2 DOWERTEEE 7 AN RIVEBKAIE [B] 2/R9. K 4.13(0),@1c. #
PR THERE T AN RIVERFAH HHIEM E COBRA—TF O— RO HEERT, K 4.13(Did Test
Section[A]. K 4.13(2)13 Test Section[B]DEERMATHIER TH 2, 2 DDFEIK Test Section[Al.
[BlDftfk %% 4.1 1R T,

K 4.13 DEEAERITDNT, BEFRH 600kg/m2s LI OEBEEREHEHICERT5 &, Test
Section[A]l Tld, EHEMRIIERMER DL E RIFICHBE L TW50IZ L T, Test Section[B]
Tl BEERHRICES &I, BITERITI—RICRIEBEZEBRIMGL 2, £, ERER T
WiE AN O BT AL EIEF.00y RTHo 7208 SHdEOy RO 27w REFHRIL =,

Test Section[A] & [BIid. HHFEE. WA M IS HIIROL D ICKES B> TIN5, Test
Section[A] TITHZNFEEE 1.8m. HAF—HH 10 TH 2 DITH LT, Test Section[BITIZA
FHINEAEDY 1.26m. WA AN ZBEFL(E—F > V%5 2.19TH 5.

2 DOHBIEDOEBRMTKER LD . BRORBHENENES, BRI mN N5 ZEIF
LOEIRRERE—F LI PRECEBEOFRENSRORETHD EEX 5N,

(2) NASCA 11— R &g

X 4.14 1T BB TR 7 AN ROVRRSEH 7IE fE & NASCA J— Rkl zR7, K.
B 4.12 @ Test Section[AlDEBRMATIERTH D, KK 0. MRHTHEEIZEEME DL 2 8L
LTWaN, sEBERETOENNS KRBRLHZEMIFETET, F2, OOBKEET S HEZ
RUTze F20 MEANO BT L@ I DWW TIEHERTIEAOO Y RTH- 720, I ERE R
0. WEOY RO 2T RZEFHEIL =,
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DEQDRERED, 2 DO — RICHTHILEOREE LT, MHMEIHMOKRIZTE)
REWEAN BT AL I T 2 FRPEICDVWTROL S RN D 5 EE5 25N,
@ @A RH D RNEDTFRIE
Test Section[A] &[BlZ b9 % &, EEBTIL Test Section[BIDFEFH /173 Test Section[Al
KNI =0, B E(COBRA-TF I— R)TRIEEAEED SN0 /2. RENLE
BIRR SN G=400 kg/m2s OFEREZK 4.13 M S5 H5A > T FITRT,
- BRFHH  [kW] D 58k & @4 & D Ebiig
Test Section
(Al | [B]
EE | 90 80
figdr | 80 | 110

@ WriEAN BT A& O3 HE

WIEA @ BT fL@Eld, EBRTEF L0y FTHo 228 @ErdsAEny For a5 v Mz
TR BEMND o7z, WEHEXREORBTE O R MEEMERICLS L. Fody BN
HNEDOy Frady MCERT—HRIZKEN> 2.

ERUAEEIIT, YT F v 23U O — REREHETINY RVEATEH LR, £
ERIZHERTEVWRERHAZ TR L, ZORRICITRO2EREZ 5N 5,

(a) fEHT I — RICHIBGA SN ETIVICRIEN S 5

(b) WREVERALE DB E O MREHERIE DM EZ B L Tz

KT, BRERERICEDE, LRO)OREHEMBEMO KT TREERFTT 5.

4.2.2 BEEMREEAMEDOEM 2B R LT F v VR
BHEREEM BEMZEB L 2B, RANNHBENEOBRELLT 20 E2FHML . HEK
THRRORSHE I TFRRZEORRN, BEEREBEIBEMIZHHNEDNEHET 5,
Al BIE L BB E D RRAEEZ AN TERLZY T F v RV OA N T —F13KD
3DTH 5,
YT F v )V R
YT F v IR NER
BT F v FIIHOF vy TR

() FRFHABEMESGHEE & O bk

4.15 12, BRHAHEEERREOBBICONT, HEMEEFEEEOLRERT, FHE
V. REHEN & R EHE TR L 7245 & (Nominal position) &4 [E X #& CT 1 X 5 K fE TR
LzBa0 2 BEE R, KK, WREHEAE % ERIE TR L 7256 ORI It EEE,
FREME THG L= GBI T, HEMH 400kg/m?2s LLED M T 5% ENE 72>, IR
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S EEEIC RN TR AT 2B ZOREIIH T 0 LD S o7z, K4.1612. BT Y7 F
v > %)V No.24 DA FBHM A MEGHAMBERRE. 7+ 1) 7 ¢ WREEROFEEEZRT,
BED. PREHEAE & 3REE TiliE L 2356 & EHE THE L 256 O A A HIM o, &
ICHIRE BIRR DM OENNS N &b b,

Bl4.15ITRT L DT, BT F v IV L DR A H A PR ZE O RN HE D Z5 6L
(ANT—FDORE) TX5dDTid<, EXEHEETINVICHEOSH S Z Evbho k.

(2) BT FEAENLE ORIEE & FHEE & O ik
BRALETE BT MBI OWTERAERE S T F v VBRI ZHE L. TORMREZLUTICER L
@%0

G
& AR ER R AT
[kg/m2s] .
FRSLHL 0 400 110.4 138
(kW] 200 74.0 82
s ooy R
H AL E /BT IA]
i mii‘& ) 1030 mn/ ALy B SHE D B(Ls)
BT fL& - -
970 mn,/ H.L0w Ry ABOy RE5A 980 mn,~ %+ No.24

R IITDOWT, BT F ¥ 2 2)VEITIERIE 2 8 25% @ KM L TWa A%, BT WL
A AL ERIER R E R Uz, UL, EETIE, Loy ROEAmO LD FHRMAI(1030
m. MNEE)TH BT I & BIRE_ERAE S NA% T BT LAah o 7. fHTBT L7z
Mo =D, TREIOEARH CRIREERTNBEER L Z/ZDTH 5,

BHRP BT ALBIZDWT, EBRTIISNED Yy REdLny RED TIRIZRRIC BT AN
N, BFTRAEY T F Y oxNVETTHO, Poay REDOYTF v 2 x)ViZid+454
REREBREN S - -, WREBFEOSEMEANAED Yy RITHART, fLoy REDTHEK
IR BERNH o2l EEZS5N5,

4.17 12, AT OEA R BT ALE @AM S 980 miZ BT 5., BHMY T F v > RIINITED
BHM SR EEEZRT, AT —% Z%EHE TR U 7= 55 (Nominal position) DEHIM 7347
BHMERRE, 7+ T« WHERRI) O ERERIT. 3EEY 7 F v > %)V RKEEIC
JRL7z. SHEOELMNE SN, SEEOYITF v 2T I—"71d, fbay REDETF
v VR 222 mm2) & 2 DONEY T F ¥ > F)U(ED 1:7.4 mm?, D 2:14.8 mm?2) T
BB, Bid. YTF v >xINTIN—TH T TEHEBRER Lz, BT 7713, X# CT OB
BRI BEEREZ AW AT —F OFTEFBR, SRIERSHEZA WA T —F 2N
BOEHEMERTH 5,

LDy RED OWRBEEERAGTERLEIL. 37 F v %)V No.2~4 THRHREERREN
NEL, BT M ZDRTWEFIZEERREEITITZE > TWAEEEZ NS, HETTF v %
WED DOFTE., 7F v > %) No.2d TRIAT T EFRILEN. 20T F v o 3))
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WH Y HABEBNMETS BT NWEUk. oo KITERRERRRO/NS WY T F v > )L No.2l
ICHETA2HEMTH BT AELE, TOLIIC, SEOY RO 27T RICHTS 18 > DY T
Fv ) Ly RADD 6 DT TF v 23D, TNENDRIAT T hOREIDDT
S BT EERTIEES > Tzl TE %,

BRAH A TR U T, @F#ERO BT LENRSNTHE Y. ERERVEROMETSH DY
&, BRALEEETNEBEZENHMET 5 S TEINGN, RARMAFEEIIREELDKRE
Molo. ZOREICIE. BES MO TFRRAEZ T Tz, BHREICSD 2HREOFH G DB
A 72 I E S O NI HEE TE 5.

PLEDZ EMS T TF v 2 )UBITIE 7 AN > RIVERFHE D2 FRNCE U TRREN S 5
TEERLEN ABEOY RO 25T RICET 2 18 » DY T F v )b, fldy FEDD 6
DY TF v )N D, FNENORMITDONTREL LM EFEL Tz LHMTE 5,

423 SGEOHRE

PREVENL B AL - 72356 ORI, REEMLB A D7 /) 2 FIALBITHNRTED
RERDTINEERICEOIMET S I EFHLWOT, JIRTIE, Y T7F v )V E RN
TFHTHEENEZEND,

FTIT BT F v RIVENZEAWTREEMNBAMNOZEEBEE L FHT 2201218,
TOLIRBEEMRT HDULENDHDEEZEZ NS,

1) oy REDESAEDOY B2 IT MDY TF v > R)VIRRR B3 16

THRENY RVEBERTIE, SAE 25T MIOYTF v o)l ediny REDOYTF
v ORIV TIEIEFEEC BT 2WE Uk, S TIESVES 25D FED T BT A4ECEN, fuid
v READ TREIERBAKED o T F7HTE S N B N OWER B 0 1 ERICH AT,
HE 257 REDORENRDIES, fLdy A TRRENEN L EEXASNDHDT,
ZDXD EANDORES MO TRNERRPNLETH 5.,

(2)  EhH OIS 2R

5O KD FRAIL030 mm, N T, EBR T BT IZ K SiRE EFNRE SN2, #
Fr CIMERBR RS CHRIRE BN EE L. BT Liaholc. Z3Ud, IS REEEE
RTHBDIEEZRTEEZIEND,

(3) WA DAE 1 (W - R 53 2R)

BRFLHABIEEIC AT, FHEEIEHR 25% B AFHE L 7z, (DOKRICED, AE 25T R
AV OWBREFITBMEMEMT 5 &, SICRAEANEIML ., BMEMEKT 2, BITEAKE
(BWR)® BT (33 ik % 328 (Deposition controlled BT) E EHNTWA X DI, M EN RS
HALRIWICEBEREEZRIFTEEZSNTNDH, KENTIE. WA SO 2WEMEEEMN
JEWITNEL, WHILBEDOHENZEALERNEVNIERTHo/Z. I T, BWR &H»N5
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P &I L2 BE D, WHEICED HREEE OB OZ UL 2R L. @/ L
TWARZUETHINENH D EEZ5ND,

(D, QDHEEFR TELEENEBRESEERT — IO T, N2 RIVEROBAFIR

BT A—FIEL SRR R T —F OO0 Eemi T —F NS &Ik D, B
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