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Experimental Test Results of Multi-channel Test: Rig
of Ty Test Section

I1I. Test Results in Helium Gas Conditions Heated to 1000°C

Ryutaro HINO, Kazuyuki TAKASE, Soh MARUYAMA™
and Yoshiaki MIYAMOTO

Department of High Temperature Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received February 2, 1990)

Experimental studies on thermal and hydraulic performance of a fuel
column have been performed with the multi-channel test rig of the fuel
stack test section (T;_py) installed in the helium engineering demonstra-
tion loop (HENDEL).

Present report showed experimental results and numerical analysis
obtained by a high temperature test that helium gas was heated up to
1000°C; using 12 simulated fuel rods in Ti-M- Under the conditions of
uniform heating of 12 simulated.fuel rods installed in the fuél block,
it was found that a flow rate distribution of helium gas in 12 fuel
channels was almost uniform, radiant heat from the fuel rod was increased
with surface temperatures of the fuel rod more than 20% in laminar flow
region, and average heat transfer coefficients agreed with the correla-
tion obtained by the single-channel test rig. On the other hand, the
temperature distribution in the horizontal cross section of the fuel
block with power distributions of 12 fuel rods was calculated with a
‘three dimensional thermal analysis code, and the temperature difference

was found to be small.

+ Department of HTTR Project, Oarai Research Establishment
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1.1 HBROHSE

BAET- AR (858 T, ~ U 9 A X A2HHMET 2584 A% (Very High
Temperature Gas-cooled Reactor : VHTR) DEMiHIEB DI T s 2z0EEILABHE LTE
B 1% BR7e4F (High Iempératufe Engineering Test Reactor ;. HTTR) OBRAEH T
02 B ORI dMPa D~ AR 050°C £ THIR S 850 &% BIEELTHD,
TR ULZE2HOFHOIHCEREEES T TOE.LBEHED 5B EE, et ETFT—5
BHRBLINTVWE, 20T, BHOREAN) T 20— 7 [ KUESERBETEZB LV -7
(Helium Engineering Demonstration Loop ; HENDEL ) ic#EHE R & » 7 HIEERTR
(T:) 2%BL, HTTROEGERA LRI LSHEEESEEO b & THEHE OB EME £ 5T
TORBRAEDHTE I,

T, RERERE, BEGEH T+ AV I KA L1 F+ VANVEBREELBEME 1 7 7 4 28
BLIZEF+ VANVBBEBEDL OBREIN TV 2, 1 F+ v 2 BREER, BESBEATF » /&
W DEBFEBFHEOFI /AR, FHENEEEOHERRELENLE L, 25+ V2 VFERE
BEIBEHA S 5 4 DEBREBEARENLEXHNE LTV D, 20T, BEHEAL # 5 41,
ANETROES T oy JRICEBHEELEN LB T oy 7 2B 4ER, TOLTMICESH O
BRHE T 7 ZFREL-HOE S, Fig. L1 EBBEAEOMELRT, BEERERR
7oy 2T S BETLICER SN, BEMTH 2~ 7 445 R IERETL L BREE DR %
TR LAEBSMEBENE, BESEHF » 7 b3, BB EBEES SRS N ZBIAREA:
W9,

BF o v A VRBEERTH, EREECHEOAREROBRT 0 v 7 I I2EOMEAE R,
ThFNICELRRAT NOBBMEELEAL THWE, Liad-7T, 12K0BENSHF » v 2
BEINCEE SN ERKRTHD, TOEARBEFMHIKODOTRRLALERETHS, 20T,
ERY S BREBSE AR T 20, M4, 12ROBREREEN hEE—c LT~ ) oL
RERDBOCETMET 2hRRABREEGEL, BH 7oy 7HEESH, ~V7L6H2A0MBE
5, BizEREEE~r G Y,

F7, EERGRE L TORMA L DFRICGERET 2001, 12ROBEREED D b 1 KADR
HErEilhsdime (MEEEAER &, BT oo 7 ERHENC12ARDEEEREE DR
B S REES (EHEAER Ko THREBAER L, RERESEORmEE S, Eit
7oy 2 REESN, HRESEE~ED DY oL sRBMMO~Y v AT RBE# T50
CT, PRABEHTH S, INLOTREBRTE LN T— 4 RUHERE, HTTRA#S#R
— FORIALIKAV HH, T OFMAE (7] c#E SN TS,

I HbO—EOHEREIC LY, BEHAS 5 2l 2ERNNEERIEYHATET L &
MTEN. TDHR, COEBELERLTAY VLT ZEI0CETCHESEITRAREHE

kl_



JAERI-M 90-033

L, BEHAD 7 ARORROFAE—IC LSS &, BEAHRICEIL S & TRRIEIAS 5 4K
DFRBAFT AR U1 IBE DERREIHE L3~/ KRB TE LI 7— ¥ RUKERI, HTTR
DRERER F— ¥ RUEE & LTERE AT 3,

AT, BF v v 2 A RREEONE & SBRIHE, RBF— s OREALERBRENE, B
B 7 5 b P DREST A B L7086 S EAHKICE LS ¥ B A OBERBRERIT oL
T~ B

1.2 T, -wHABREBEOEE .

T, B, BMESHF » AV IAEER LA 17+ YA VEKBRESE (T-s) LHEHE]
BT LEBELLEF v A VEREER (Tiow) »olRSNTEYD, BBOM, v— 7050
FEOTH, BE, BEO~N) L7208 sN 5, My v— 7RO T, BB OFEAIZCHE(8)]
CEE SN T b, : _

£F v v ANERBREBEOWMEAFig. L2WKHRT, £2F+ Y 2NRBREER, HEREESL 7 4
DREAE R VIT B HISRSE 2 N ERNIIUE LcRgE T, BENESO ERL VIEDRE,
EH, WET~) U LTABHAL, WEIRHISERETRIIT 5o HEMFHEY 7 &1, BH0H
BHR 1 A5 44 ETHEBETER LD THY, B 7oy 7 LEEBEBETERS N 5.

HN T oy yid, 5 570mm, FRGER 209mmONEEEKE L TED, SEARICIIERS
Fhi#BEThb, OB, EHHP53~0REE THERBEEC L > TSI 2 8EHE
fAE, o1, 2BHEHE10, HEHZENRO LR« THRBREERRREEEL T 5, K
T, BEHEAROES 7 oy 7 2BE T oy 7 EFE3, FIR « TEPEREENEE 7 o
w 701, EES3mm OB EIMBEES 1R o TED, AL NDOMERICHIEI6mm D R EE
BEEOFEBASN TS, HHLUABE 7 oy 7BETLAR OISR (6] OffiE4 TR
ENTOD, 75, A 7oy 7 OEEMREEIIBEIL S EFRd 5, F300CD~T 7 44 R,
PIZ53mm DKL & AAEE46mm DEHREENS & ORER O BRRIRG® (MBS » ¥ 3 )% F
P LMo 1000°C L oh#vansd, '

BT 0y s ONEITEA Y304 80EDY R~ T oy 2 E®ENLTHEBEE—F Ty 2
OPBBINTV S, e —% 7oy 7@da—vV— 54 rEOWE 7oy 7iA VI Ve =%
ZHEHAAFEDT, BEHADH— Fe—% & L TERES 5, BERENAS 7 s D T HiTH,
1000 CREED~ Y 2 L4 2% 200CLUTFREGHTE ZARSHEOBREBINTN D, A6, K
BB I R ORESD R DI R <~ V TOBEO T o T, BEEEF » ¥ 2
NVFEEMA 2 OBRIREE Th S,

[ LR EE oS £ Fig. 1 3I10RY, BUEIEERIE, ARemmOEHR Y —THIC
ALY 0mmOERBOERREBELFEALLY T oy FA2TERERLEET, R
EoEMiciiEL+vE (NB) 2R TALTESEBHE2EBHLTVWE, v7 oy FOREE
F¥5710mmTH b, H9 70y FORBAKIENRVOTHBEETERSINTE D, L& - TMER
BOLORKEEBBICLDERAT L, FHEAET= ¥ AVBRIOER ) — FEOEHZER v — X
LT, ) -~ FEOEAN OAERY BRI 2/20ic) - FEE FBY 7oy FEEREEHE
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B ) — 71, FERBEHER ) — 7EME, FARE IR L ST, TOREITEET
MEEFEICENENS FHT DA =4« J FHHOMG 5T 5, Ef, REIZHAEY
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DB HBEL B D3, FBKEEIC L ZRABRLEEERL TOL700TEH 2.

OADOEEBERDOH AR, FRAFAMMIC 0~ 100 kWORBTELSE LI LB TE 5,

1.3 T, RREEOSRILE

£F v v AARBER KT HRBINEOMES Fig. 141, FHHIEE & £ DSHE Table
1.1 i 2N ZFHoRd, HEREEEREEE, SBo+ 7oy FORHRY -7 Eahs 410
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CHEEN B, 40, 2EBEOBEZ o, 7ico0TiED~HE%EBML, FLA30° O
NEESHEZAETE AL DL T b,

£, BB T oy 2 FEROTHESLEHEDI2EOMENGENT + ¥ 2 vitR b - B LKLY
_2EME (¢ 3.2mm) BBEEH, FRENORBERND Y YL REEHOT ARE
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Table 1.1 List of measuring items

[tem Number
leliun gas temperature
(1). Inlet temperature (Upper plenum) 1
(2) Channel inlet temperature 12
(3) Channel outlet temperature 12
{4) Outlet temperature ( Bottom plenum) 1
Temperature ; _
Surface temperature of simulated fuel rod 84 (7X12)
Fuel block temperature (Surface) 18
N (internal) 12
Temperature of compensation heater block 18
Static pressure at inlet of test region 1
Pressure Static pressure at outlet of test region 1
Differential pressure between inlet and outlet 1
of test region
Flow rate Total flow rate 1
Helium gas velocity at channel outlet 12
Input power Electric power of simulated fuel rod 12
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Fuel handling hole

Plug Dowel pin %%%%
Fuel - :I, l % |

_~compact

Graphite .
" sleeve |

VAL G

=D

_—

Fue! rod

360mm

Fig. 1.1 Fuel element of HTTR
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Heltum

S i
L !

 IH

U .

2 e !

% G "
B 4— o

EETHN STEE— AU | R .

11

cross section AA

...“,‘ ..‘

Fuel block ( Graphite)

Simulated fuel rod

Annular channel

Spacer rib

©® e O

Support  block ( Incoloy )

Compensation heater block
( Cordierite )

@ Internal  cooler

Fig. 1.2 Schematic drawing of multi-channel test rig
(T1-M)
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Hetium gas

1.4 Axial measuring positions in multi-channel test rig

J

To internal cooler

: Helium gas temperature

. Fuel block inner temperature

- Fuel block surface temperature
: Compensation heater block temperature
*Pin surface temperature

1
% D3
< ®{ﬁ\—y® ﬂ_ h\fo B:TEZS
I HE—$53
M e
: SRl | kS o
®®®L_* - 2 S Gxi2
@XS B@XIZ
@B __ ,__, : X 12 O
©=®——4 —®=® N
GP ® : '_.5: ®x12 ©
:@LE BN | e EB®EI2
Eoles Cp®
E@A/LT:B = EB@xIZ
@ &-®
o }?
9 (Dx12
O il
;féﬁig o %H\; E%
L

(®) : Helium gas pressure
@P : Pressure drop

: Pitot tube
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Simulated fuel rod

Fig. 1.5 Measuring positions in graphite fuel block
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9. ERERF — & DM DR R4

21 H®F -5 OBESE

12AOEBMEHEOE T hoREREQ: (1 =1~12) BHNEh sBNEFSRET ST
LHTE B0, MEREBER (Y7o ) ORBEKOVTH, BRABEES 7o, FO
BEKDIEHEARI L CEH LETRIERELRE0, &4 70y FORBREQ, , (n=1~7)
i}, REBKIEFEORELAEEL TROLHICLTRET 5, |
(1) 470y FHROEHR ) — 7RERES, HELAEELECHNIASEEELTHE
Y B, ChEREREET 5,
2 &+ Tay FORRBOVEESS52 2.
(3) BE2 ) — FTETRE > HRABOTBEERAICL T,

(a) HEHR ) - TAEREERCEIAE[OTEHEST S,
b BEHR ) — 7 ERPRRBARTOMOE/L vRBIC SV TR IERXZIREL,
REMEELRD 5,

() FEBAREARIC L CBRURFIEOREZ(LRE L 2R, KA TERERELELT 5,
Ri,o = Roi,n %8 (2.1)

CTT, Ro.n (2) BERICHY ZESEHBTHE.
@) BRIEREOAE 2 Ri. L&Y T 0y FOBREGER, . 2 OWARKICLT, 857
Sy FORBEQ, . FKK TEHY 5o

Qi.n:Qi*Ri,n/TélRi,n (2.2

4} FHRQTEDQi o« HEE E —FH L BVIBAE, HELALQ: » PHIBIOHERER - —
HeAHITROHEABRDET,

HECHERLAENR ) -7, REERSOMERBI R (6) OfF&H 2 IKRESHL TV 5,
BY¥ 7oy FILBUARRK G . BIRDEIICLTEAS,

Ci,n=Qi,n/ {(m*xDi; ,*kLt; o) (2.3)

Di, , : &H 7oy FOAR

Lt » i+ &4 70w FOEYRARE
CBEHSHIT ¢+ Y AMICBI BN Y A HADHEI, Y v ATZADESFEEESRETL
THEL, SBEHSET +» v 2 VICB T A0E, L1/ vABERDESICLTHET 5,
(1 #

w = (2.4)
T
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T4, BT AHEBHE, Er-BHETHR SO BEEIBEOEE, N~V TATRX
WAL THEBRRET S, L&, - BORBHREZZEQHREE TH N,
FHABVTERLEHBOAH ET v ADTEHRIL DB AY 9 L ARBW L3491 $—3
L, #07, BHLEHRE 20T EOARICLT, £~ ) V27 2RES D RER G
HF v v aLEGRLIRRERD . BHAEZ3 LIHLL LTS %,

2.2 HEBREH
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TH b
70, 0N RRATERSNLIMBEB I AR TR TH 5,

+ q H(Doz_Diz) R
97 Wk G, *(Ton 273 i : i (2.6)
LT,
c DN A AR

g DB R
Teia | ADNFRBE (2HEO AN 2 EREOFEE)
W EEEE (SHREEW/ 1D

B qurko k5 LTS 2 5,

q=Q/(m*D; *L,)

T, .
Q EHNEE (12ROEBHREEOMABEOEF (Qu) %12TH| - f L4
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L, BRESREE 1 R4 080 RER
(7 B 460mm = 3220mm)
EBOMRTBRK g 3509 X 107° TH D, RERIZFNLD $20~65% 12 LR Ins 4
fT-TWw 5,

LLAT, ERFLOKICEZHEBEAFALLFE 7oy 72500, 2OEMEH 5
LOBEHATINDAA R 1 Ll s, Co&EoEBERobTES M, HifE
RSP FIRIRO /- DI g DHMRICES Lo &0 0, B 7 o o 7 i W 2 & Fesl
BOVET G 5, 2070, BEHES 5 ARORBASTIZERRICELL, FhicfE-Tt#i 7o
v 7 WTHANIC R E DIRE RS E U TR IR S 45T 5 s 5,

TLT, LOLIRREBAINEEE L AHR (EREI0HEER) 270, t07-s%26L&
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Table 2.1 Experimental conditiomns of uniform power distribution test

Run in!et gag | Outet gas { Total flow Pressure | Average 9" tn
numder | temp. (' C) | temp.('C) | rate (g/s)| (MPa) power (ki) Rejn Reout | x1074
1303 367.7 1011.5 ) 91.6 4.0 24,7 nSObU 1500 10.22
1305 347.5 1000.9 64,2 4.0 17.6 21001 1300 10.71
1306 317.6 1018.4 44.0 4.0 13.0 1500 900 12,07
1312 353.5 1004.4 128.0 4.0 35.2 4200 | 2600 10.58
1313 329.3 995.4 176.8 4.0 49.9 6000 { 3600 11.26
1403 363.8 1002.8 253.7 4.0 69.8 8300 [ 5200 10.21
1405 367.2 1006.7 31b.2 4.0 B7.4 10000 | 6400 10.186
1408 -341.1 995.1 65.0 4.0 18.2 2200 | 1300 10, 83
1409 4.7 1007.9 44.5 4.0 13.2 1500 9500 11.99
1410 342.2 1001.5 85.0 4.0 26.7 32001 1900 10.90
1412 335.1 1017.5 101.1 4.0 29.3 3400 | 2000 11.41

Table 2.2 Experimental conditicns of slant

Run number 1311 1407
Heltum gas flow rate B (g/s) 169.1 64.6
Inlet temperature Tein €O 329.5 338.8
Infet pressure Pin (MPa) 4.0 4.0
Intet Reynolds numder Rein 5700 2200
Average electric power Q (kW) 47.8 18.3

power distribution test
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Slant power distribution

Fig. 2.1
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3. @l B R

3.1 H—RREEER

311 WMEES
BARENAHIF + ¥ A RFNBS~ T YA A RHE (W) &, 59, Fr vavHOMICEREL

o R EOETRE (AP, BiEdmmAQ) ZRICGRATENT S,
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Deviation of flow rate from mean value (w;/W-1)x100 (%)
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Fig, 3.1 Flow rate distribution in uniform power distribution test
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Fig. 3.2 Axial temperature distribution in uniform power distribution test
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Fig. 3.3 Axial temperature distribution in uniform power distribution test
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Fig. 3.4 Relationship between thermal distribution heat flux
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Fig. 3.6 Flow rate distribution in slant power distribution test
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Fig. 3.7 Axial temperature distribution in slant power distribution test
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Fig. 3.8 Axial temperature distribution in slant power distribution test
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Fig. 3.9 Bird's eye view of calculated temperature distribution

in horizontal plane at x/De = 535
(Run#1311, Reip = 5700)



JAERI-M 90-033

FRELA & Rl—k, AE4AE T AERBEAERVT, 17 dHDORBESTPE—ITLL
e (H—REAFE) &, HANRCE LS SRR (AR 2T0, ~NY L 2%
(1) 2R DIEHAEIF » ¥ A VERN B~ 7 A7 ZHBRIT, Bk LBt &

W0WO0CTETHEL T, ROEENE oI,
12EOBHEBRERORBEEA L L AFRBTHE,
(2) BRI EEE NS KA RHONT, EEBEIBRORMED O HAAYE ORI BIE

FLLRBEI—HTHS,
TImES NS,
(3 HEMEHBOREZERIZOORL 2FUH L4500, TOPHENRFEEL L Fv v 5V
BEECIAHAMERLE I —E L7,
£70, EEREES 7 LROMAEER S E AR, S, REAEOEPROAIVF v+ VA4

ﬁ-‘;

MOMEBREBRREEEZ L~ 7 oK REEER, BESBHF + ¥ 2P RS hR

Hob & TOFEB[ICRTHYBIENELLET 4G -1,
ks, ARBETHRICRBELHO B L TEHRMBEEIT > /05, BEEREHE, 87 oy 7%

KT A D BE LA SR - 72 C EAMRLTH

it
ARBAFTE BICS -, BrOCHIAEOAHE BSBRTFFREER, M
# WHENDELBE%HSE=E, THEM HENDEL

# FIHENDELEERXHE, mH
EEEERCEHOAZLET, £/, FAUIEEZEVHENDELEREOH £, ROEIE

A LTHEOARARER (RFAxyy=7 ) v 7R KECEHLET,

129_



JAERI-M 90-033

ERBEHA S F—TIR, MERTT BERMEAER VT, 17 LHORBSHSH LT
S (—REGER) &, EAMRICELS BB GERHEHRER) 21TV, ~) war iR
1000°C & THE LT, ROBEIE SN,

12K OBRRERORBELE— I LEBR TR,

(1) 12KOBESEF + ¥ 2 vERNE~ ) 2 aFAFRIE, BHICORLAPRRBOBRE

AL e #Th b,
(2) MR ERERE TS 8B ONT, EHAKBORARD S SHNE OB A
TLEESNS,
(3) HHHREEOREERRIZLORSSERFEL600, TOFHYEER1 F+ v a Vil
BEEIC L AHRE RS L —H LT

Tt EEBEAS 5 ARORTAERE S SRR S, REBOESRLIATOF v VAN
RO EHRE R RTREEE ~ ) o A7 RREEE, BEBEF » ¥ 2 VHE VIR SN R
PO G & TOHBEICEATHYICNS 735 B0 -7,

158, RRBE rRCEBREEID H L THEREET - 24, BESRNE, BHToy 7%
ICEBALRERLE SN -t CERMILTEL,

%1 it

AEREREFRTT 50N - T, BAOIISRATEWAEN ZeERBRILFFEZEER, HEE
# BIHENDELEEZEX#E, Af & JiHENDELHREBEEER, THEKE HENDEL
EBEFERICEHMN /LTS, /2, PARUCHAEHEVICHENDELEREED 2, ROEH
A LTHCAERBEEESER BFAxyo=7 ) vy 7k KEEHHL T3,



(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10}

(11)

(12)

(13)

(14)

JAERI-M 90-033

Zz #F X M

T%ﬁ.’fﬂ%ﬁ%ﬁ%@ﬁﬁj, B+ 5Err, 1988,
s, SHE, BB T#EHER s o 7 BIREHRE (T) 2F + v 2 ValBEER - 1
(thiE gtk 2 o o —Hi A amEER) |, JAERTI-M 85067 (1985 ).
HEF, Ful, S#fl FF%?Eﬁ‘X%%ﬁiﬁWﬂfﬂrw@{iﬁWf‘ﬁ%ﬁ%ﬁ (), HENDELZ 7%
WV ROVEREREES I L B —REGARE R |, BARETIFSE, Vol 28, N6,
pp. 527533 ( 1986 ).
L, S, BT [EE 72 ERFREEO CRAEHER (1), HENDELZ ¥
v VA LREBEE IC L LA - RRAKBER LT, OARBRFE25E, Vol 29,
No 2, pp. 133—140 ( 1987 ).
Maruyama, S., Takase, K., Hino, R. et al.: 'Experimental studies
on the thermal and hydraulic performance of the fuel stack of the
VHTR, Part IL: HENDEL multi-channel test rig with twelve fuel
rods', Nuclear Engineering and Design, Vol.102, pp.11-20(1987).
HE, S#h, Aulfh: TMEHER s » 7 FHEERS (T) 27 v V2 AVEBREE - 1
(R RBGREBRET) |, JAERI—M 90—017 (1990 ).
FLill, BEAN, AZfth o [EGRE) « BZEERAERT 0 — FFLOWNET / TRUMP ORREE |,
JAERI—M 83—173 (1988 ).
HEE, S, ALt o TEEMER & o SEERRE (HENDEL T.) O#E L #%
BAEFHZESE, Vol. 27, No 12, pp. 1136—1146 (1985 ).
Hatton, A.P. and Quarmby, A.: 'Heat transfer in the thermal entry
length with laminar flow in an annulus', Int. J. Heat Mass Transfer,
Vel.5, pp.973-980Q(1962).
BEFE, FH, FAHE . [SREMCE T ABRREROSGER |, B 17TEEIRMERY Y
Uy ARERERYE, pp. 9799 (1980 ).
Donne, M.D. and Meerwald, E.: 'Heat transfer and friction coeffi-
cients for turbulent flow of air in smooth annuli at high tempera-
tures', Int. J. Heat Mass Transfer, Vol.16, pp.787-809(1973).
S, AL, OF# (S A ERABEHAOERREEER (1), HENDELLF »
VA VABEEIC LA —EEERARORE ), ORRTAFESE, Vol 28, No b, pp.
428—-435 ( 1986 ).
T, A, FERH TEREHA R 5 2 RARBRE (T)) ¢ 1 F & v 2 vEBREEOR
BRREIE (1, WmAmIK —RERSAEET LB, JAERI-M 85— 084 ( 1985),
SuE, wl, Ot [SE A AEKREBEEOZERREERE (IV), HENDEL 1 +
v A BEBR I X HEREARMR ), BERFAFZE, Vol 30, N4, pp. 343—349



JAERI-M 90-033

1986 ).

(1l5) Maruyama, S., Takase, K., Hino, R. et al.: 'Experimental studies
on the thermal and hydraulic performance of the fuel stack of the
VHTR, Part I: HENDEL single-channel tests with-unifprﬁ heat flux',
Nuclear Engineering and Design, Vol.l02, pp.1-9(1987).

(16) [y, @, Jubfth @ TREHER S » 7 EibRERE (1) 1 17 ¢ ¥ 2 VABREBEOR
SR (52, DERARER), JAERI-M 90—032 (1990).

(17) Ak, ZMW 0 [ VHTRBEHME 3 ICTEVzEART 2 — F (TBLOCK) |, JAERI-M
85—145 (1985 ).

_314_



JAERI-M 90-033

- AdEx To-v A SR B AR S O B35

Pin m  om E (m) -

No 1% | om | sm | 4 | 5B | 6m | 7B
No.1 0. 460 0.160 -0.480 0.460 0. 460 0. 460 0.4539
No.2 0.458% 0.460 0.460 0.460 0.460 0.459 0.460
No.3 0. 4b% 0.460 0.460 0.459 0.4860 0. 480 0.460
No.4 0. 460 0.461 0.460 Q.460 0.460 0.460 0.461
No.5 0.480 0.461 0.461 0. 480 0. 460 0. 460 (. 460
No.6 0,480 | 0.460 0. 460 0.480 0.459 0.460 0.461
No.7 0. 460 0. 460 0.461 0.461 0.480 0.459 0.480
No.8 0.460 0. 481 0.460 0.460 0.460 0.460 0.460
No.9 0. 460 0. 4860 0.460 0.461 0.460 0.460 0.459
No. 10 0. 4860 0. 460 0. 460 0.460 0. 459 0. 460 0.460
No.1l 0.459 0.480 0.461 0.4861 0.4860 0.458 0.460
No.12 0.460 0.460 0.460 0.460 0.460 0.460 0.460
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Pin £ ®H & E #®H ¥ & B (m)

No. 18 2-5& 3B 45 5B B Bt 7B
No.1 | -——- 0.22 | -—-- 0.22 0.22 0.22 0.22
No.2 | ———- 0.22 | -=--- 0.22 0.22 | —-- 0.22
No.3 | -——- 0.22 | -——-- 0.22 0.22 0.22 0.22
No.d | ——- 0.22 | --—- 0.22 0.22 | —-- 0.22
No.§ | -—--- 0.22 | -——-- 0.22 0.22 - 0.22
No.8 | ———-- 0.22 | - 0.22 0.22 0.22 0.22
No.T | --——- 0.22 | -—- 0.22 0.22 | ----- 0.22
No.8 | =----- 0.22 | -———- 0.22 0.22 0.22 0.22
No.§ | -——- 0.22 | —-- 0.22 0.22 | -——-- 0.22
No.10 | ——-- 0.22 | -—-- 0.22 0.22 0.22 0.22
No.11 | =---- 0.22 | -——-- 0.22 0.22 | -—-—-- 0.22
No.12 | ----- 0.28 | -—-- 0.22 0.22 0.22 0.22
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Pin 4 7 v v F £ B (m)

No 18 é& SE AR 5B | 6B 7B
No.1 0.57015 .57015 0.57020 | 0.57020 .87015 | 0.57020 .b7010
No.2 0.57010 .57020 | 0.57020 | 0.57020 .B7020 | 0.57000 .57020
No.3 (.57020 .57020 | 0.57020 | 0.57020 .67020 | 0.57015 57015
No.4 |0.57020 | 0.57015 |0.57020 |0.57020 | 0.57015 | 0.57020 |0.57015
No.% 0.57010 .B7020 | 0.57015 b.57020 .57012 | 0.57020 .57015
No.6 0.57010 67020 | 0.57020 | 0,57020 .57020 | 0.57020 .57015
No.7 0.57015 .57020 | 0.57020 | 0,57020 .B7020 | 0.57020 .57015
No.8 0.57015 .57020 | 0.57020 { 0.57020 .b7020 | 0.57010 .57020
No.9 0.57010 57020 | 0.57020 & 0.570620 .b7015 | 0.57015 .B7020
No.10 | 0.57015 .57020 | 0.57020 | 0.57020 .57020 | 0.57015 .57020
No.11 1§ 0.57015 .b7020 ! 0.57020 | 0.57020 57010 ¢ 0.57020 .57020
No.12 [ 0.57015 .57020 | 0.57020 | 0.57020 .57015 | 0.57010 .57020




JAERI-M 90-033

Pin % 2y - # ® . (mm)

No 18 2% 38 45 5B 6B 78
No.1 | 45.950 | 45.965 | 45.950 | 45.960 | 45.960 | 45.950 | 45.850
No.2 | 45.955 | 45.955 | 45.945 | 45.935 | 45.950 | 45.955 | 45.955
No.3 45,940 45,965 45,980 45, 935 45.945 45,9565 45.960
No.4 45,975 45,955 45,940 45. 850 45,950 45.955 45.955
No.5 | 45.970 | 45.935 | 45,940 | 45.920 | 45.940 | 45.950 | 45.955
No.B 45,970 45.930 45,925 45,955 45.925 45. 9560 45,970
No.7 45.935 45.950 45.970 45.955 45,955 45,945 45, 955
No.8 45.940 45,935 45,950 45. 965 45,980 45.935 45,975
No.9 45,955 45.970 45,930 45,940 45,950 45.945 45.970
No.10 45,945 45.965 45.950 45,955 45.995 45¥945 45.845
No.11 | 45.955 | 45.960 | 45.960 | 45.955 | 45.960 | 45.960 | 45.945
No.12 | 45.980 | 45.955 | 45.955 | 45.950 | 45.940 | 45.955 | 45.940




JAERI-M 90-033

No.1 32.135 | 32.135 32.145 § 32.140 | 32.145 32.176 | 32.155

No.2 32.125 | 32.160 | 32.135 | 32.135 32.155 32.136 | 32.160

No.3 32.130 32.140 32.130 32.150 32.145 32.17% 32.170

No.4 32.130 | 32.156% 32.150 | 32.130 ¢ 32.120 32.165 | 32.160

No.b 32.135 32.135 32.160 32.135 32.150 32.160 32.170

No.6 32.130 | 32.13% 32.155 32. 140 32.165 32.170 32.165

No.7 32.120 32.145 32.140 32.145 32.150 32.175 32.165

No.8 32.140 32.155 32. 140 32. 140 32.155 32.150 32.185

No.3 32.130 32.125 32.150 32.145 32.145 32.165 32.17%

No.10 32.120 32.140 32.145 32.140 32.135 32.170 32.175

No.11 32.130 32.130 32.150 32.150 32.120 32.150 32.180

No.12 32.130 | 32.145 32.155 32.145 32.180 32. 155 32.165

— 36._




JAERI-M 90-033

Pin ® o# # &#E A #® #® - (D)

No 18 2.&9 3B 4 B 5B 6 Bt 7B
No.1 0.1955 0.2052 0.2033 0.1994 0.1885 0.1930 0.1988
No.2 0.1952 0.2050 0.2010 0.199% 0.1985 0.1930 0.1988
No.3 0.1995 | 0.2059 0.2038 0.19863 0.1978 0.1926 0.1924
No.4 0.1995 0.2005 0.2039 0.1961 0.1978 0.1930 0.1924
No.5 0.2010 0.1980 0.2013 0.1980 0.1988 0.1945 0.1940
No.8B 0.2011 0.1981 0.2013 0.1979 0.1988 0.1946 0.1954
No.7 0.1390 0.2018 0.1357 0.1957 0.1958 0.1946 0.1905
No.8 0.1830 0.2040 0.1857 0.19%58 0.1968 0.1972 0.1906
No.9 0.2007 0.2045 0.1996 0.1880 0.1943 0.1358 0.1338
No.10 0.2008 0.2048 0.1994 0.1938 0.1962 0.1988 0.1880
No.1l 0.1950 0.1872 0.201% 0.1950 0.1952 0.1930 0.1917.
No.12 0.1961 0.1925 0.1807 0.1848 0.1853 0.1839 0.1784




