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Fabrication and Test Results of Testing Equipment for Remote-handling of MA Fuel

(2) Evaluation of Heat Transfer Parameter Crossing Rectangular Lattice Matrix
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Transmutation Physics Experimental Facility (TEF-P) planned in the J-PARC
project uses minor actinide (MA) fuel which has large decay heat. So it is necessary to
consider the increase of the core temperature when the core cooling system stopped. The
change of the core temperature at this situation was evaluated by thermal conduction
analysis for the whole core geometry. It was found that the impact of thermal insulation in
the empty rectangular lattice matrix area was large. So it is necessary to verify reliability
and accuracy of heat transfer effect used in this area.

To verify the accuracy of calculation model for the empty rectangular lattice matrix
which was the free convection model of sealed fluid covered by insulator, testing equipment
which could simulate the rectangular lattice matrix of TEF-P core was fabricated. By using
this equipment, thermal distribution and one dimensional heat flow through the
rectangular lattice were measured. It was observed that the actual equivalent thermal
conductivity in the rectangular lattice was larger than the free convection model. It was
also confirmed that the insertion of the aluminum block into the empty rectangular lattice
could achieve the higher equivalent thermal conductivity. These results could be the useful

data for the thermal conduction analysis for the whole core geometry.
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LT, BBT AR ERAENT A, AT L AT ey BN LTKRTEICED S R, K
Bim (B EZEHm) 2@ L TRRASEHASN D, BEARIZERSRIC L DL L, KT
EINESIRE 50~300°CREEE IC I 1T D BGEEEOREZ FEhET 5.
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Table 3.1  Z2¢45 1L R MA BREHA HIPERRBRISE 1 RIS il S OB 2R — 52

24 Fi TR [mm] 334k ME
HZEks EGR(HZE) 50x50 £& 160 HE 1.56 SUS304
FEEEYE | EHERPE) 46X46 KX 160 Al

AT LA BEHA(FSE) 6E 150 @& 50 £ 160 SUS304
A= KIS 2N B 15mm OEFTIZ, b —F ZHiALe,

W EEA =F7 2 w2YLR—FGH

TOMBO No.4350-GH
AfrE R (at 400C) 0.030 W/(m - K)

B H—hrU P —% ®L0X50 100W X 4 A&
flifE e —& D 200X100 400W/Kz 4 &
(FLr—he—%) | @ 100X100 250W/fx 4 #&
N ot =2 P10 —RAEE 750

KA —2) | D v—AZ D05 +— AR 750
ZNENONEREMEL, Fig. 36 0@ Y

1 L A 5 5 SR AR FE IR RE 2 0 2 72 AR T I — R Y
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F—xuH— |HIOKI# LR8410 MEMK 1 MdE/10min
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32.1. ATV LA FERORAT L AT 0y 7 OEREDR ), ORI
K(B.60)DEGEN gyl Fig. 3-6 TORTF L L AT 1y 7 NOWREST (Ti~Ts) %HETS
ZrickuRkE D, BREKOEAIZXNG.DTRTIEY TH D, KB.OD AT L AKTE K
VAT VAT 1y 7 OBRER A XIRERAEEZ RS . R TIESH 007 — 2 128K
<KBYDHEXRAEZH WD, 22T, AT A7y 7 RFRE (Tg) MO FEREFIRE
(Tsz) 1. PN RIBEBE O EERREE L LT, Lo T ARBARRICH N TR(3.6)1%, FTiER(3.9)
DB FEZWHZ L ERHEKS,

qn = ,152—7;’1’ (3.7
A1 = 0.0165T,; + 9.5049 3.8
Ag; = 0.0165T, + 9.5049
A ATy (Ag+ A AL
Aeq = diATz( “L 5) o= ASZA—ZL—Z (3.9
dm AT VAT y 7 Ol AR EERE (m)
Ty = A7 YL AT7uvy 27 ORFIRE (Tr+T9/2 (K)
Ts2 B TTEONRFKIEE (Tvu+T/2 (K)
As1 AT ULAT 7 OFHMEREICBIT D AT VL ADBYRESR (W/m/K)
Az 1 AT UL AKRTEOFMMREICBIT 5 AT L AOMEER (W/m/K)
ATs; @ AT v L AT oy 7 iiiaEoREZE (K)

ATz @ FEFEFHERRE OEEE (K)

3.3. BRGIE

RO K ED WL, TPRMNEY ~ [FRBR (300°ChH 50°CE T 25 CH| A TIRERET)
LD, HTEOFEMIOWT, RENSHIAT S,
3.3.1. TAHINEL

B, KOMHE e — % OWEEZ 42T 300°CIZRE L, 48 REFREE O TN EZIT 5, L2
7E L (Fig. 3-6 1 Ty, T2, T3, Tsr, Ter, Txt, Txz, Ts, Tsgs LA T IR U) OIREZEAGEN 1 R %720 0.05C
Z FEl- A EFEIRBICELZ LB L, MEEBBT 5,
3.3.2. R

FAINEGE T %, BYROIRE %2 300°C~50C % T 25CH A TR T IETWE, 5 11 OiRE
FMICBIT 5 EFREOEENTS RIRELZWET 5, Z OB, @IS ITEED b & i
72> CREABRSFEL TWDH DT, FIRESFMEICE W THIEE — % OIREZ# U 2EICE
B2, K — X OREREHIEIL, TLOEY Thd,

AT ULV ATy 7 0 Ot —4 : Fig. 3-6 1 T DIRE (0.5 CH| A T EiF)

R FEE D OB e —%  : Fig. 3-6 T T DIRE (0.5CH 4 THe ET)

FERE S OREEZECRA, 1Y 720 0.05C% FlEl - 72854, EHIRIEICE L &l
L. £0t% 1 R OREREM A2 3% T 72, IROBERFICE D,
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3.4. BRFER
3.4.1. ZEA& T N O AT BSOS R G A

TR TE B LT | SR — R 2B 2 WERE % Table 3.2 ITE &5, HIEIR
X, B —ATEFREBLHMSNZZO 1EMICBIT T —ZOEHHE LTWD, Tid
5 Teg 1 XBVER 2 3% & LIZALE CTH 0, Fig. 3-9 IR TN EICHIET 5, Table 3.2 DRy
fizXax Lz b o % Fig. 3-10 & Of Fig. 3-11 121”7,

ZOREFRER GFHRE Uic, B, BuBiEE, & E N0 EMEZE R % Table 3.3 [ZR
T, BB R R ONEOEMBYRERIZONTIE, K178 1 ORERREZEICL TS, 20
Ko, EARBICE —ZRED LH (REFEEL O FENTOREZD L) 23t LT, #4
B R W O MBS E R & HITEDS AT MM H D Z LR b5,

3.4.2. T =U LT 0y 7 SRS FE Ol BV R A A

TNI=gLATay 7 #EFENICRE LD, KiRES — X281 5 HEIRE % Table
3.4 [Tk LD, MEREDWNIZERFED T — X LRER, &7 — A TEIREE & HE s
%0 1 BMICBIFAT —ZOFHHE LTWD, Tidvb Twy ODEERFRENE T Fig. 3-12
WORTIEY T, ZORBRTIE, MTEICMATAI =LA 0y 7 BIRICHBVEARE LT
W5, £, BBTELTAI = AT Ry ZIXERUIMIEEEMT &R TE LT,
AL EIICHWZERORE (0.44mm F2E) PFEET S, Table 3.4 DIRESM AR R L2 D
% Fig. 3-13 & Fig. 3-14 (2~ 7,

ZOWEARERNGFRE Lz, BPiR, BudiEE, WO SEMEZEZE % Table 3.6 1277,
IS K O OSBRI RIZ DWW T, B TE D7 — A LRERIC, T8 1 OWER
REKEIZLTWD, ZDFRE Table 3.4 OFFRNL, TAI=U LTy 72 RETHZ LT
NG KL O 78 NER O A BVR E R NN 5 2 E A S, TORITIFIEEXED
ESIEF L TWD I Enbhrole, TENEND T —ADEMEBYRER % Fig. 3-15 1277,
RFBEN B2 272 O EBEARIRIT R WS, TAI = AT 8y 7 28 g E IS m T
5T & T, ZEE TR AN EBVRE SR IOV T 10 51 SEm LT AR L o Tn,

Flo, ZERFERRET VI =T LT 0y 7 REETFERRIZBITLENENOKTE 1 &
A2 DBREMNT, MEENETCTHWD Z ERERINT, £ —XREDNMUWEAIZIZECD
72 b= ZIRENESWGEIZIEIT VI = U AFEKFE T I0CU LOZENE LTV D, 2L,
e FE R LOPEMBUEIIC L2 b D E B X biv, K& OB (Bt) KRB X - CEIER
TA—BICRERARDIAET H 2 ERMERINT,
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Table 3.2  Z2#& 7 sBRIF ORIEIRE (AL : C)

E—%RE T: T2 Ts Tx1 Txz Txs Tx4
50 49.72 49.24 48.77 48.25 41.59 41.39 35.69
75 74.55 73.55 72.65 71.59 58.40 57.93 46.58
100 99.38 97.99 96.66 91.81 72.47 71.73 55.44
125 124.16 122.30 120.46 114.96 88.95 87.96 65.85
150 148.89 146.51 144.28 138.54 106.10 104.76 76.84
174 173.64 170.79 168.01 162.53 123.48 121.79 87.43
200 198.35 194.90 191.65 187.01 141.70 139.55 98.48
225 223.20 219.29 215.60 208.56 157.34 154.85 108.76
250 247.87 243.42 239.19 232.80 175.42 172.47 119.95
275 272.57 267.69 262.96 253.35 189.73 186.35 128.64
300 297.44 291.89 286.62 278.85 209.56 205.71 141.46

Table 3.3 JIERE RITHD < BUdilE = L OO FMEBVRER (294 F8)
E—2RE BRR ¢ RREE T REBE K FEBMEEE(ER)
[*C] [W/m?2] [C] [W/m2/K] Aeg [W/m/K]

50 156.6 44.9 23.53 0.189

75 321.9 65.0 24.40 0.205

100 473.6 82.1 24.49 0.182

125 659.6 102.0 25.36 0.198

150 845.3 122.3 26.05 0.205

174 1056.9 143.0 27.06 0.229

200 1288.8 164.4 28.44 0.270

225 1496.7 183.0 29.22 0.282

250 1748.9 204.1 30.48 0.317

275 1981.5 221.5 31.15 0.323

300 2278.4 244.2 32.88 0.382
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t_g & T: T Ts T Ta: Taz Tz T3 Th1 Ty Tx4
50 49.62 49.05 48.49 46.49 45.30 45.24 43.49 41.89 40.71 40.64 39.16
75 74.35 73.21 72.14 68.96 66.81 66.66  63.11 60.10 57.94 57.71 54.72
100 99.05 97.34 95.73 91.99 88.79 88.64 83.31 78.93 75.50 75.16 70.67
125 123.95 121.90 119.94 112.99 109.25 109.04 102.71 95.60 91.31 90.91 85.92
150 148.60 146.00 143.50 135.95 131.37 131.07 123.10 114.36 108.91 108.37 101.94
175 173.33 170.19 167.17 159.38 154.13 153.81 144.16 134.16 127.60 126.98 119.08
200 197.98 194.25 190.67 182.81 176.87 176.46 165.17 154.17 146.51 145.80 136.42
225 22273 21835 214.16 206.24 199.55 199.06 185.98 174.26 165.53 164.66 153.71
250 247.35 242.30 237.55 229.89 22259 221.95 207.31 194.79 185.11 184.05 171.62
275 27196 266.31 260.83 253.62 245.72 244.91 228.68 215.31 204.79 203.45 189.17
300 296.64 290.22 284.05 277.05 268.45 267.56 249.66 235.70 224.40 222.59 206.60

Table 3.5 IE#E R I ED < B R K O ES O FEAli Bm B =R
(THI=y 7wy s Fiik)
E—%ERE BRR ¢ (KAKREET. BEBEE K FHEBMEERAHER)
[*C] [W/m?] [C] [W/m2/K] Aeg [W/m/K]
50 187.2 45.0 62.41 2.13
75 374.0 66.0 63.93 2.18
100 578.0 87.7 66.60 2.29
125 715.7 107.9 69.63 2.41
150 934.3 129.5 72.70 2.54
175 1156.1 151.8 75.95 2.67
200 1405.6 174.0 79.67 2.83
225 1688.0 196.1 83.30 2.99
250 1974.9 218.6 87.50 3.17
275 2295.1 241.2 92.02 3.37
300 2651.7 263.4 96.83 3.58
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3.5. A
3.5.1. ZEk& T

ZERE T O EBRFE R LT, U220 K0 3R L 7= M EMBE R & ERE R A i L7 b
D% Fig. 3-16 II-" ¥, Z 2 CRtHEfEIX, b — X E COREZNESRMLEE —BKIEH7-0, B
M2 EDORMEN R - TEY, £7r—AORFBIRELREM R L B> Tn5d, XQ2.2ITL
DEHEAEICR LT, EREN O/ N EMBVEERDO TN 2 50 EREWFER o7z, T
bbb, ZTETORE@DIZHES L TEF-P JF DR E MRS R 31 D 228 8 i O BVRE
AL, PRSFRIOREMIZ 72 > TV D 2 & BRI iz,

RFBIE DO EFIE D BAMBRER OB ENFHREME 0 L ERHEDIF S AR EVERIT,
BHHIC L 2B RTHDL EEZ2 DN D, BIHEEC L 2 EET, ’RAGB.10ICRT L9
12, Fig. 3-9 @ Ty X T \ZH T DEEMEIRE O 4 D2 THEREMITHEM WL T, Fig.
3-16 M HLEEE O E A= LSI\W= 2/ T 7 % Fig. 3-17 121, B O R E27= 1L 51< Ll
EAE & FHRAEIXRER DM & e o 72, FHEME (RAT) TIZBBH ORI R A EHE L Ty, @
H7 g UAZ IEREO IR IR ERFHI O Fl & 72 58 X% 150~400C DIREIEKIZ W Tk, s
AAZHEUNCROEO b METHLHEEZEZLND,

qn = O-(T;l-l - sz)sz (3.10)
o AT Ty e RV UES 5.67X108 W/m2/K4
fi2 s R RS 1/ 1 1 (5 PAKE 198 D 7= D PR 0 AR 0 [RAEA T S & N E)
( /61 + /sz - 1)

£, & HHE 1
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3.5.2. TINI=U AT 0y s REKTE

TNAI=U AT 0y ERE L —AZO0WTE, FEARIC Fig. 3-1 K O0(3.1), K(3.4)
DFEZIFTHESNT, LLFO L I IR LizUc RS CRtRE 2 Rk 7=, £7 Fig. 3-18 I
AT EICHEREZET ML, TAI =T AT 0y 7 LBROX v v Ty 2 EREAFE g2
HWBRT560ET 5, 3 L1IHONRTA=ZIZH L, BEIZTAVI=T LT 0y 72O TORYR
R D Wim/K], BEVEFE Aulm2], BER S Lalm], £727 0 I=0 L7 0y 7 LIETERO
X v v M Leplm] (EAOAH) 25827846, BB E gz N8BT 5 545 O BUHT
Ry 13X B1)TEREIND, T THREEICBIT L7 VI =0 AOBYRESR 2, 1%, Table 3.6
DOEEMHEHT S 12, T =0 AOBYRERITE L Z 100°CEMA L LT EICMO X 5 2REE
KIFE 2 o0, KREETITFMIEEICRB T ATV =0 ADBREREZ T — 7 L LT
LOEFEH L,

Lal Lgap
R, =— .
w=3 + ) (3.11)
& o THFEEEHL R
1 A A, Ay
R-L L TR (3.12
A A

;.(8.12) L RB.AODEEZEN S, TAI = AT 0y 7 FHEFOBEIRR KL, ®A(3.13) & 7
Do

:AsAs_i_/laAa_l_ Aal
LA LA  RyA

(3.13)

FEAGIDTBNT, BFENE (TAI=0L7ny 7 +2K) OFEMPURERZ deg &
%% N L5=La=LaI+Lgap D E‘g'f?fﬁ RN

Rar =5 (3.14)
eq

ELT, AdglzoWnWTERT 2 L RADOEKREZED,

Ls/lalla

e Lalla + Lgap/lal

A (3.15)
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KB 1N HE D FHE S NS MR E R L EBR TR L% Fig. 3-19 IZR”7, T3
= AT ry 7 FEAEROFMBUREROFEMEICHOWTE, 7AI=v LT ry 7 LRTFE
MOX v THEHEOEN 2 ZTREMEEEZ DI LD, LepZx 0.3~0.Tmm DOFMFTE
NENFEM L, vy THEBES /NS WDIE EEMBYRE RN R E < BN Z 51204,
LMPYRERME T LT ZERbnd, ZOMND, ERIEIC L2 SMEBVZERIT, Lep
25 0.5~0.Tmm O —AZADMIZH D Z LB D, il LD Lepld 0.44mm Th o7y,
TERR SR E O T, EAREORFICL > THEMEEZENEETNTZLO EBbd,

Table 3.6 7/l I=U A7 a7 OBYRER

E—SREC] RRRE
Aar [W/m/K]

50 239.00

75 240.00
100 240.00
125 240.00
150 239.00
174 238.00
200 237.00
225 236.00
250 235.00
275 234.00
300 233.00

,26,



JAEA-Technology 2015-052

0.40 .
b 4
0.35¢+ o
. ""/

0.30+ ; ,,'
< s
E 0.25} - i . sz s . i
= x e—e Calculation
E 0.20} . /v‘_a/ v -v Experiment ]
‘g v .

0.15¢+

0.10+

0.05 : i i j i

0 50 100 150 200 250 300

Temperature [°C]

Fig. 3-16 SHliBMRER Aog ORI FHAE & ERREO Ll (228 1)

0.40
035 |- —O—Ealcul‘atlon
- = -Experiment
0.30 |
¥ 025 |
£
P . - - —\
2020 | g g e
<0) \( - - &
0.15 e
0-05 1 1 1 1 1
0 50 100 150 200 250 300

Temperature [°C]

Fig. 3-17 SFlEMRER leg DRFFRAE & BV D 2 RN T2 FRBRIE O i
(22 -48)

,27,



JAEA-Technology 2015-052

Lean/2

Fig. 3-18 7= A7 v v 7 AVIKKTEORBEIOET L

s Air: A, Lo=LatLeap
3 ——

(°F}

q; Al:A,

T

=¥ L,,=0.3mm
TH o—a L,,=0.4mm
<+~ L,=05mm
~» L,,=0.6mm
~—+ L,,=0.7mm

Experiment

Aoy [W/m K]
w E=y 9] [*))

Fig. 3-19

TN =T LT 0y 7 FEERTE OFMBRER Ao

50 100
Temperature [°C]

150

_28_

200 250 300

SUS304: A,



3.5.3. 1EAMBEITOBR
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Fig. 3-10, Fig. 3-11, Fig. 3-13, Fig. 3-14 [T R&ENAEREICIZ, AT L AT ry 7 b

& -8 Ol e OV - [A) L o Befidi i 1 K 2 BEfd BT O

DD AR IR EE R T AN R S

A, EIZESE M A R IS O AT O DT RIREED AL T, £ DOEEELD RS KE
E7povz, ARBRISETIX, Bftmm ot B, Bl ot T )% 2 2325 2 LI3Hsk
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FIEDAIRINC R E S 2D Z &R STz,
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Table 3.7 HEflEMEHT R & BT HEVEHL R DL

(3.15)

(3.16)

c—s ERFERR FIEZOLTOVIFEER
am ATvLRIOVY BFE1- ATULRTEYY BFE1
/m /52
[C] —BFE1 BFE 2 —BFE1 —1&FE 2
HERLmE AL R
50 6.3% 3.0% 62.5% 53.8%
75 6.5% 3.6% 50.4% 51.4%
100 23.5% 3.8% 38.9% 50.5%
125 19.6% 3.8% 63.4% 69.2%
150 16.1% 4.1% 54.4% 68.0%
174 12.5% 4.3% 46.8% 65.7%
200 8.6% 4.7% 40.0% 62.3%
225 12.1% 4.9% 34.4% 57.8%
250 9.5% 5.1% 29.3% 55.5%
275 13.4% 5.3% 24.0% 53.6%
300 9.5% 5.5% 20.5% 51.0%
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ek A ASRERISRIZ IS 1T 2 ks 7870 i il B SR

ARV THE B NI O FMBVEE R deg ZFHM T 2120720 | Fig. 3-1 TRTHEY | &
RKOBGEIB R OIS T E R 2R 2 BVAEEZFHE TV L CRHMET 2 FiEE AW, 22
TiE, BT EEHE DL BEREOFHENEY TH D0 2R T D720, 2281 NERIZ BB
M2 FIE LR CREBRORBRZ T, EBRERNORED A L KB MNLRED L, DFHH
fif % el 9~ 5%,

AR ARIZ T Fig. A-1 12489 ¢, RB.6)I1% A, TEHELZAKXADTEEHIDY | Ei
FERNORED L, 0FERME . X(B.8)0 5K E 2 SCHME A, DFHFIEZ i3 5,

&% Table A.1 XU Fig. A-2 [Z77 ¥, FHHEME CCEkE) & RO 2T E L% 4~
BWREE L 72> THEY, RED LFICHEIMEM S —HL TWD Z L PR TE T,

L L2 b, AERE R HR(B.5) & FV TR &3 L s T B N A il 3 2 BRI ot &
BT 5L, ERTEOHBANERREROB LZ 0% 03 & &2 B L TRy, /INSRET
T N O EM BV E R M~ D BT R E 2D, 25 £ TIZ, Fig. A-31XB.9D A
(2. FEBRE A 2 U CHEI L7222 FE R RICEBIT 2 FMBYRER Aeg DV T 7 &7 T, X
BRI As 2 W TR L2 fE5 & f U T 30% L EDZERFA L TV D, FEBRE A 121X, [3U5R
EIC L DR (BOURARBERR 2 IRERIERRZS) | 12Nz, @&t 8 Ly THr B o GE (B
(RIER) OFRZE] T FE PRI X 5878 & OmEIZ X % SUS304 BilamfE & Dfi7E)
BREDREND L, —HHUCERME A OMZHEA T2 2 EITEE L ARVR, K TEOWRE
EHELSTOHBEREIC L > THRFEBBEBEVERZ T, A OFRRZEIZLD g DRIERR~D
WEZRDLRX/NSLTHZERROBND,

(A.1)

=2£@a+&) _ 3 Aals
STAT\ Ay )T MmhaL,

Aim BB OBMRE SR 0.03 (W/m/K) 13)

Unit: mm t=1.56

® Theater

Insulator Insulator

Grid tube2 Grid tubel

50  [|45.0 | 45.0 | 34.86
1002

3
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N

Fig. A-1 B FEE (AR [X
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Table A.1 #&FEHEREROF R & FRIED L (%78 RIWTEV, 78iH)
E—%EE BAR ¢ KAKEE RMEEXR(RRE) AMEEXRGIEE) ——
[C] [W/m?] T[C] s [W/m/K] s [W/m/K]
50 144.8 45.2 15.60 14.84  5.15%
75 295.3 65.8 16.16 15.25 5.96%
100 426.4 86.8 16.38 15.66  4.56%
125 580.5 107.4 16.80 16.07  4.49%
150 732.8 128.1 17.27 16.49  4.73%
174 881.2 149.0 17.54 16.90  3.78%
200 1051.1 169.8 18.05 17.31 4.26%
225 1225.2 190.5 18.43 17.72  4.00%
250 1420.7 210.9 18.92 18.14  4.34%
275 1606.1 231.7 19.30 18.55  4.06%
300 1813.4 252.6 19.83 18.96  4.60%
22
20
18
16
14
£ 12t
< 10
< 8 |
6 r —e— Calculation
4 -« -Experiment
2 -
0 I . . . I
0 50 100 150 200 250 300

Temperature [°C]

Fig. A-2 #RFEIERER A, OFHRME & EBREO i (g8 W JEiH)
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0.40
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0.30 r
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0.25 r
£
s N
= 0.20 r LA e ST

o Vg \ k-

r<0J -

0.15 r

o —
o
=}
010 F o= 2 ; o
o
0.05 1 1 1 1 1
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Fig. A-3 Fig.A-2 TR LT FHBRIE As 211 L TR L 72 FPUR TR e
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