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2. EBR
2.1 Configuration
20004F B ¥ T D Configuration TIRE 7370 % 88 L | IR IZFiberr#44 (MLS) % it X B E (CPM)
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Table 1 Experimental configuration

. ! Dunezy Samgle Helder Bemer rng Spacer Spportrag | Ahomabeck | Seperationlate
(Configurat D | Fhed | Isator | Hoder —I - Bos - : e
n| i | % D’m’cwwﬂm's@wzmge " [Upper | Lower | Stk | Botum | Upper | Lower | e it | e | Ouie
T Dis) | A | MLS | SmerSC |TpeB! NA rpeBmi NA | NA | NA | NA | NA | NA | NA iTypeK|TypeK!TpeK| NA i NA | NA | WA
© | Dis? | Ar | MIS | SmerSC | NA i NA [reeBbmi MA | NA | NA [TweB| NA | NA [TpeR: NA [ NA P NA f NA [ NA [ NA i mA
Did | N2 [ CPM | SmerSC | WA | NA [rpebbw NA [TmeB) NA | MA [ MA | NA | NA | MA | NA | MA |TipeK! Tpek|Tmek Typek
1 |M001035) D4 | Ar | CPM | SmerSC [ MNA ! MA |ipenPmi NA | MA (TypeB| MA |TweRi MA | MA P MA | NA i NA | MA i NA | MA ! NA
Dis5 | A | CPM | SmerSC | NA | NA [toeBbmi Type-B| MA | NA | NA | NA iToo®| NA | NA | MA | MA | NA | MA | NA © MA
M6 06 | e | cP C‘(m‘;" TpeB| NA I’;’:’ N fTpes N | NA | NA D NA | NA D N[ NA WA | WA DM | M| e
3 D] oo | T o m b | rens NA [ WA [ WA DA | WA N | M MA | WA M| M me

w7 OO s
B G | om0 e N W | RN | WA W | | m

: CPM A -

Dis$ D )] P

1D of thermocougle Bl ! Bla| B2 | Bla|B3 iBlha| B4 | Rl iRl |[R2!KI| KL KS | K4 KS| K6! K7
*1 : 8mm from the edge of the dummy *2 : 10 mm from the center of the sample

NA : Not applicable
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Fig.1-1 Experimental setup of Configuration-1
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(2) Configuration-2
FiberiZ6f (MLS) 2T AHE (CPM) KEE Lz, BREMEMEZXI-2I277,

£ 27 [Smplehoder
__:’,A'-f e
t e = A Bamerving |
""""" e N\ sl ml o~ [
1 i - —
| N !
qa&o Support
20 6 ; A tin
i |
" 4 1
o | &8 %
K7 3 3| i
LIl [
D114

Fig.1-2 Experimental setup of Configuration-2
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Fig.1-3 Experimental setup of Configuration-3
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2.2 YA

KRICAVIER, TARE, SiCREVT—, FI-DOPREEEZRLICTT,
Table-1(a) Material properties of Insulators
Insulator Almina brick
Name of the product MAFTEC Blanket CP—M
MLS
Company Mitsubishi Nikkato
Chemical
Composition Mullite Alumina
AR03 (%) 72 98
Si02 (%) 28 1
Bulk density (Kg/m®) 80 1400
Thermal conductivity (W/m *+ K) | 0.45 (1200°C) 0.8 (400C)
0.7 (1400°C)
Coefficient of thermal expansion | Not applicable 8.0
(X10°)
Operation temperature (C) 1600 1900

Table-1(b) Material properties of sample holder and dummy

Sintered SiC Graphite with CVD-SiC

Name of the product SC-20 1G-610

PERMA KOTE
Company NGK Insulator Toyo Carbon
Density (Kg/m®) 3100 1850
Thermal conductivity (W/m * K) 150(RT) 128
Coefficient of thermal expansion (X 10°®) 4.4 4.7
Specific heat (J/kg * K) 700 2150 (1400°C)

3.ERER
(1) Configuration-1
o ZAoFIzx L TR2.10). R2I@QEARTERZBESHABELE, FREARLE
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Fig.2.1(a) Measured temperatures of configuration-1
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Table 2.1(a) Measured téemperatures of configuration-1

mmLm@
R STBEST SUPRO g
B amm.ﬂ Botamik-1)| Upger (K- Lower (K-3)
%y | isi '
1538 3134
T o T
6333 &h. .

Baag | ge62

LT O ' A
1096.4 740.0 ) '

920.6 766.3 5805

951.0 797.6 6151
12001 855.4

970.7 821.5 645.7

990.7 843.2 680.1

Table 2.1(b) Correlations and calculated temperatures of configuration-1
FELF T = a* T(Sample center) + b

Dummy Boss Spacer Support Ring
B-1 B-4 Side(R-2) |Bottom(-1)| Upper (K-2) | Lower (K-3)
a 0.9987 0.7641 059186 07112 0,657 0.6236
b 59.8 -198 -108.9 -163.6 -237.6 -376.3
R2 0.9930 099980 09964 09913 099827 09715
T (Sample center) = 1600°C | 1658 1203 837 974 814 621

lass tub

- holder
------ Barrierring
%14°C) 3 g [support rine | /
kbi40 peat
0 i > wiar
24
;
- 3 ‘I
114 1

Fig.2.1(b) Temperature distribution of configuration-1
(Temperature at sample center is 1600°C)
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(2) Configuration-2
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Fig.2.2 (a) Measured temperatures of configuration-2

Table 2.2(a)Measured temperatures of configuration-2

Measured temperatures (C)
Experiment Sample Holder Barrier rmg Alumina brick Separation plate
Center Edge Inside Edge Upper | Lower | Inside | Outside | Inside | Outside
B-2 B-2a B-3 B-3a R-1 R-la K-4 K-5 K-6 K-7

Dis-3 693.8 5978 8§17 67.5 47.6 31.3
Dis-5 5.3 689.3 475.2

Dis-4 751.3 572.0 459.8

Dis-3 1130.7 993.83 1344 118.5 64.9 315
Dis-5 1165.3 1100.0 T91.8

Dis-4 1179.2 913.5 804.5

Dis-5 1463.0 13771 1023.9

Dis-3 1467.2 12932 333.6 191.8 939 46.2
Dis-5 1480.7 13%4.1 1054.6

Dis4 1435.6 1171.8 1031.5

Dis-5 1500.2 1416.3 1082.2

Dis4 1502.4 1186.7 1048.5

Dis-5 1519.5 1436.0 1109.8

Dis4 1521.3 1203.1 1063.6

Dis4 1540.5 1218.2 1080.3

Dis-5 1541.3 1457.5 1135.9

Dis-5 1556.5 1475.9 1159.5

Dis4 1571.4 1236.4 1100.0

Dis-5 1584.1 1497.1 1178.9

Dis-3 1591.1 1381.1 451.6 259.8 134.9 56.6
Dis4 1596.6 1253.0 1119.8

Dis-5 1608.6 1512.7 1191.5

Dis-3 1611.7 *1 1407.1 508.7 297.6 160.7 63.2
Dis-3 1630.0 *1 1419.6 580.7 3.1 198.0 1.1
Dis4 16304 1269.3 1137.3

Dis-5 1630.7 1528.3 1203.5

Dis-4 1644.0 12824 11443

Dis-5 1653.5 1547.8 1213.3

Dis-3 1664.7 *1 1450.1 643.7 3722 216.5 0.1
Dis-5 1674.9 1563.8 1222.0

Dis4 1679.0 1290.9 1142.6

Dis-5 1683.3 1600.5 1229.3

Dis-3 17086 *1 1471.3 722.1 405.6 2312 86.2
Dis-3 17324 *1 1485.5 T94.7 441.1 254.8 929
Dis-3 17416 *1 14934 833.6 467.3 266.8 97.6
Dis-3 17470 *1 1466.9 17 504.6 281.7 1039
Dis-3 1380.0 920 620 360 140

*1: Calculated from the correlation data
5
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Table 2.2 (b) Correlations and calculated temperatures of configuration-2

MBI T = 2 T(Sample center) + b

Sample Halder Bamer ring Separation plate Alurnina Brick

‘Edge | Inside | Edge | Upper | Lower | Inside | Outside | Inside | Outside
B-2a B-3 B-3a R-1 R-la K4 K-5 K-6 K-7

a 0951 0847 ;0797 | 07602 ; 08708 | 24745 : 1.3278 | 08141 | 02634
b 14.3 261 i -216 | 1007 : -1424 | -34770 ;-18421 | -11476 ; -3605
R? 09988 | 09958 ;0997 | 09962 | 09928 | 09852 : 09591 | 09591 | 0.9681

T (Sample center) = 1600°C | 1536 1381 ;1264 | 1116 1251 482 282 155 61
Sample temperatures are higher than 1591.1°C

Sample

N !
#30
1385 :
1254°%6— 2
N, #40 1534
LG (2o A é_’ Samplc bolder
---------- e L\ -
e T _ Bamicrring .

Alumna
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3 65 o ,____.—I rin;
(——
x
ac| [155% 3“"“
l N ot ]
D114

Fig.2.2(b) Temperature distribution of configuration-2
(Temperature at sample center is 1600°C)
(3) Configuration-3
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Fig.2.3(a) Measured temperatures of configuration-3
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Table 2.3(a) Measured temperatures of configuration-3

Measured Temperatures ('C)

. Dummy Sample Holder

e B-la B-2 B3

Dis-6 700.6 643.7 609.6

Dis-7 F08.7 641.4 611.3

Dis-8 T18.5 654.1

Dis-7 1097.8 1018.7 963.1

Dis-fi 1111.8 1045.4 998 4

Dis-8 1102.4 1048.3

Dis-7 1380.5 1290.5 1218.8

Dis-8 1378.3 13135

Dis-6 1417.5 1328.6

Dis-7 1419.4 1330.1 1258.2

Dis-8 1410.1 1334.5

Dis-7 1446.1 1356.6 1290.8

Dis-6 1454.3 1367.7

Dis-8 1458.2 1376.8

Dis-7 1476.3 1387.1 132277

Dis-6 1489.3 1402.7

Dis-7 1498.2 1421.5 1355.6

Dis-6 1529.4 1442.1

Dis-7 1527.6 1453.1 1387.3

Dis-6 1562.7 1473.8

Dis-7 15527 1482.1 1417.3

Dis-6 1576.9 1503.6

Dis-6 1589.3 1504.1

Dis-7 15712 1507.6 1444.9

Dis-6 1596.1 1520.6

Dis-7 1588.3 1532.3 1473.5

Dis-6 16154 1532.5

Dis-6 1616.1 1535.6

Dis-7 1595.9 1544.2 1493.1

Dis-7 1597.3 1553.% 1499.3

Dis-6 1636.9 1554.8

Dis-7 1614.6 1559.8 1500.0

Dis-7 1637.1 1572.2 1515.6

Dis-6 1663.1 15718

Table 2.3 (b) Correlations and calculated temperatures

WRLE T = a- T(Sample center) + b

; Dummy Holder

ke B-1 B-la B-2

a 1004 | 1019 | 0972

b 69.8 258 | 206
R2 09972 | 09992 | 09982

T (Sample center) = 1600°C | 1677 | 1677 | 1534

B 2.3.()8 L CFE 230~ TERIC

of configuration-3

S—ERLEFINDL Tmm OB COBRERFEL L2717,
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Fig.2.3(b) Temperature distribution of configuration-3
(Temperature at sample center is 1600°C)
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Fig.5 Network of radiation heat exchange between dummy and sample
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(2-1),2-2) X 0 ¥ I =L H U IV O KBS I

(2-2)

176, 1-085 = 2.247x10° (1 m?)
g, A, 0.85%x7.854x10 (2-3)
i 1 4, 2
= —=2.298%10°(1/ m?*)
AFE, 0.554x7.854x107
(1-4)~(1-6) LV FI—B LUV I L EBER O K EBIEHIT
Lo . —=2.856x10%(1/ m?) (2-4)
AF, 0.446x7.854%10
! = ! =2 856X}@4{E/i‘22}
AF, 0.446x7.854x107 (2-5)
F210)E V¥ I —EEFROBEL 1658°C2 0 TEKESIT
E,, :62;4:5.67XIG‘8><(273+1658) =7.883x10°(W / m”) (3-1)
P TVRE L 1600°CTH D06 BEERIT
- -8 : 4 1051 2 (3-2)
E,, =0T, =5.67x107 x(273+1600)" = 6.978x10° (W / m*)
B EXYEDORNIX
F—' i 7 2 1 =
__By—J 788310 -J (W /ni') _7.883 z\{ L 350.8 445 (7 @-1)
= e/ 4 224710 (1 i) 204 JINT S
i\ &4}/ &./]111 Leyo é“’TI i Fi' j
— T A 2y - (4.9
Y= f JF 4 J2<W/iﬁ -= A j,z x10= 4352&]; T )V ’ )
1/ 4 72 2.298x10 2.298(1/ m’ :
J = J =T Wim*y -] )
Y 3 — 1 3 / 4 J3 Xsr\zg 51\1/7 = \/W\ {4_3)
BT AR, 2856x10°(Um?)y 2856 o T AN
J, - —~ m*) A o
0, =2t o LK WIm) g2 5015, - ) (4-4)
1/ AF, 2.856x10°(l/m™) 2.856 )
E —J 10°~J( ) 6978, _ o
w—J,  6.978x10° Win) 6978 L2100 =310.5-445,07) (4-5)
(i g)ed,  2247X10° (U n? 2.247
=7 L
J, = j,x10° J, = j,x10° &ET5
FI—-—BLUOH T, 2F 9 [, L, TOBRENZIZTOTHAMND
O =0,+0; (5-1)
O, +0p =0y (5-2)

(4-1)~(4-5),(5-1),(5-2)& Y
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350.8—44.5 j, = 4.352(j, — j,) +3.501(j, = /;) (6-1)

319.5 "44.5]'2 -}-4.352(5“ fz) = 3591(}2 —j3> (6-2)
(6-1),(6-2)NEEH4 5 L
52.353j, — 4352, ~3.501/, =350.8 (7-1)
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2
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7.APPEXDIX
7.1 Configuration-1
7.1.1 Dis-1
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' \ R \
‘‘‘‘‘ _Lf L e 6 Bamier ing 7
IF . _ :“ o ﬂ_ﬁ?c_\ -is- |
— ®iz __—— Bpate fer rin
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1 ’ ?wa |
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Fig.12-1(a) BExperimental setup of Dis-1
(2) 7—Z BERA
BELEZERE., RABELTLENAER 3L, R i12-1wic, MEELLUTIIRT,
D #I—-OBEXNPEMFIT Step-9 T 16934 CETTELEN., BIROLDFNUERIZIE
/E‘@”E % f& /")A i;:()
@ F T NORERAEMEIL Step-0 T16520CE TE L 72, BHBEH B EHEIL Step-8
Tmﬁcuﬁbt%ﬂjﬁmﬁﬁbkm r%%u Kvﬁgﬁmoto
@ AN—HFRLYR— kU S OEEREEITMEG TH#IT 990.7°C, 843.2°C, 680.1CIZ

ZL7=,

@ FI—RV U TAPEFREBILR-oTE, AXN—FOFR— M) I EERICIER
LTRENER L,
Table 3-1 Measured temperatures of Dis-1
Dummy Sample(C) Spacer (C) Support Ring (°C)

Step  |Current(a)l  B-1 Pyrometer B-2 K-1 ¥-2 Sy | K-3(25mm)
1 400 7545 72 703.1 321.0 2243 96.1
2 400 1188.5 985 11261 6335 480.3 258.2
3 450 12587 1044 1198.1 701.0 555.9 355.3
4 500 13477 1185 1282.8 763.0 6194 436.2
5 440 14548 1202 1381.8 822.6 666.2 480.7
8 430 1502 4 1280 1444 3 880.5 7237 5431
7 500 1562.4 1308 1498.1 920.6 T66.3 580.5
8 550 1625.4 1325 1568.8 951.0 EEXA 615.1
g 600 16934 NN 1652.0 970.7 8215 84577
10 NA NA 1326 Na 3307 8432 680.1
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Fig.12-1(b) Time-histories of the measured temperatures of Dis-1
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Fig.12-1(c) Correlation of sample temperature of Dis-1
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Fig.12-2(2) Experimentsal setup of Dis-
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7o, VU TNNRRARERERREIZ 2o TH, ANV OEERLERE L,

Table 3.2 Measured temperatures of Dis-2

Sample("C) Boss  |Spacer (C)
Step  |Current(A)] Pyrometer B-Z B-4 RE-2
1 400 f94 F35.5 534.0 3154
2 400 834 345.5¢ 7105 467.0
3 400 1208 14528 1086.4 740.0
4 450 1263 15391 11484 §14.3
5 500 1302 1612.1 1200.1 855.4
é 550 1295 NA 1246.9 8924
7 a0l NA NA 12703 819.7
. 22
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Fig.12-2(b) Time-histories of the measured temperatures of Dis-2
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Fig.12-2(c) Correlation of sample temperature of Dis-2
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Fig.12-3(a) Experimental setup of Dis-3

MELEERE, RIBEZ ThThZx 3.3, 12-3(b)ic, BEZLLTIZRT,
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Table 3.3 Measured temperatures of Dis-3

@
Lz,
®
ALk,
@
®
Sample(C)
Step  |Current(A)| Pyrometer B-2(*1)

1 400 732 693.8
2 400 955 1130.7,
3 400 1160 1467.2
4 450 1214 1591.1
5y 470 1229 NA

] 480 1239 NA

7 500 1258 NA

8 520 1282 NA

9 540 1295 NA

10 560 1300 NA

11 580 1303 NA

Final*3 1250
*1: Meseured

24

Holder ('C) Almina Brick(°C) Separation plate(°C)

B-3 K-4(Inside) | K-5(Cutside) | K-6(Inside) | K-7(Outside)
597.8 877 67.5 476 31.3
993.8 184.4 118.5 64.9 375

1293.2 333.6 191.8 93.9 46.2
1381.1 451.6 259.8 134.9 56.6
1407.1 508.7 2976 160.7 63.2
1419.6 580.7 343.1 198.0 731
1450.1 643.7 3722 216.5 7.1
1471.3 722.1 405.6 2372 86.2
1485.5 794.7 441.1 254.8 92.9
1493.4 833.6 467.3 266.8 97.6
1466.9 873.7 504.6 281.7 103.9

1380 920 620 360 140

*3: Pen recorder &Y

NA: Not applicable
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Fig.12-3(c) Correlation of sample temperature of Dis-3
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Table 3.4 Measured temperatures of Dis-4

Sample(C) Holder (B) |  Bargjer
Step |Enerent(8)] Pyromgter B-d B33 Bl
1 40 it 431.3 LA 433.8
2 400 963 11792 9133 i
3 400 166 14856 _H7LET  1A30E |
4 418 1180 1582 4 1R6.7] — Tp48%
T T 1531.3 120317 THA3.A
T AR | iangE T U iEnE T idEE Tl T iadH
7 | 440 | 123l T TEw4| 12364 (lAe.A
T8 | 458 | 1233 | is8ae| 125384 — 1118.3
9 | 4a0 | 1238 | T e3n4| 1393 11373
10 | 4% 1238 16440 12824 | 11443

1 480 | 1236 1679.0 1290.9 1142.6
'5‘.*-@‘-{',',?_'“'5”““ v 1700°C
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Fig.12-4 (b) Time-histories of the measured temperatures of Dis-4
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Fig.12-4(c) Correlation of sample temperature of Dis-4
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Table-3.5 Measured temperatures of Dis-5
SampleCe) | Barvier (B)
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Fig.12-5 (b) Time-histories of the measured temperatures of Dis-5
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Table-3.6 Measured temperatures of Dis-6

Pummy(e) Sample(e) Holder £€)
Bl | Pyromefer | B-2 B3

StER_ |Corvenica)

40| — Joos| @25 437 pogE
AN 09l 11118 BB2] __104B7] —  998%
3 200 14176 3813286  NA
4 420 14543 1i2 136%.7 A
B 440 14868 1138 14027 NA
4] 460 628.4 {166 — 14421 NA
3| ape|  18A@F|  1188| 14738 NA
8 “‘5‘6@"“ 1668.3 1206 1504.1 NA
— 18] NA | NA | NA NA NA
—_ 8l B#0 16164  1223| 16386| WA |
11|  B60|  16768|  1866| 16036|  NA
| 16206 NA
1536.6 NA
|___1864.8 NA_
1677.8 NA
Dummy | =
B-1) ’
: 1600°C ¢
1400°C -

5 minutes I--Iolr,let" :

R R . - . (B-3) ‘ l

¥ 3% 30 L] -] ”_"m = i IL ] w ! ; | 5
Fig.12-6(b) Time-histories of the measured temperatures of Dis-6
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1400
— #7 is odll

1200
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]

600 700 800 200 1000 1100 1200 1300
Pyrometer (C)

600

Fig.12-6(c) Correlation of sample temperature of Dis-6
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7.3.2 Dis-7
(1) BEME

EESFAERRBIZANVS—DREREBRTE RN, Dis6 LRILaVvy7 4 F
alb—Ya ryTHENMREZERBLE, W, MBRF TCEENLTAIVICEEAREE AT,

Q) BB/7T—~%
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@ ¥ 7N OBEXFREMIL Step-15 T 1572.2°C £ T3 L 7=, B8 B 5HAIE 1L 1340C

Thote,

@ #I—0H|BEMBEMIL Step-15 T 1637.1CE TE L,
@ FNF—DEEIX Step-15 T 1515.6CITEL =,

Table 3.7 Measured temperatures of Dis-7

Dummy(C) Sample('C) Holder (°C)
Step [Current(A) B-1 Pyrometer B-2 B-3

l 400 708.7 635 641.4 611.3
2 400 1097.8 896 1018.7 963.1
3 400 1380.5 1105 1290.5 1218.8
4 420 14194 1135 1330.1 1258.2
5 440 1446.1 1157 1356.6 1290.8
6 460 1476.3 1180 1387.1 1322.7)
¥ 480 1493.2 1204 1421.5 1355.6
8 500 15276 1228 1453.1 1387.3]
8 520 15527 1252 1482.1 14173
10 540 15772 1268 1507.6 1444 9]
11 560 1588.3 1286 1532.3 1473.5
12 580 1595.9 1301 1544.2 1493.1
13 600 1597.3 1318 13537 1499.3

14 620 1614.6 1325 1559.8 1500.0
16 640 16371 1340 1572.2 1515.6

Dummy

(B-1)
/ 1600°C -
S —,@ »

Pyrometer

5 minutes
T

40 Py o % b3 0 : 4 1 §

Fig.12-7(a) Time-histories of the measured temperatures of Dis-7
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Fig.12-7(b) Correlation of sampie temperature of Dis-7

7.3.3 Dis-8
(1) HEME
Dzs 67 TREENEF L TN EFI—OFLICEELLEY, BERHNF I - TV
BSHRICEEEBY 525D Ty I EF I w@rmﬁﬁﬁs%ﬁ 100CEELE LD EE 2T,
BER S I —OWAD 8mm OE. T i%ﬁ%%%%éﬁ“é D I THARRE & RV
“"?ﬁ% LT, gEFAET T 'wﬂ%%ﬂb% Lz, V7 4 &2 b—3 a3 52E 12-802)

('\.75:§o

— =
Giass Vessel éfgy %%
; \ %"\

\sﬁﬁ Sempld
&g:f \“ . %30 Dummy ‘%
7 )

ﬁ§ | ] &%
9

\,
\\
N,
A 8
> $115
B\ A
£ le holder

| p— i %:%
%s 1;'/ \ lfgé‘%‘%%g/ g
i
i Aéo \ -;; — g;; 0 ;( %Iumina Bricl
— s =l J
/ 3 % \ =4
/ A i
!‘ 50 5 040 \ |__Bupyort ring
ood 11T |
Bepa: on plate] H
l i \
B:‘Z < ®114 3
B-la
Fig.12-8(a) Experimental setup of Dis-8
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Table 3.8 Measured temperatures of Dis-8

_ Bummy('6) Bample('6)
Hten [Current(A)) B=la Byrameier B-2
1 468 7186 738 664.1
2 400 11684 peg 1P4B8 3
3 400 1378.8 1211 18135
4 490 14161 1241 18845

Pyrometer s

5 minutes \ |
Sample (B-2)

A
v

k|
S * SOOI - WSS |
’ : . \

Fig.12-8(b) Time-histories of the measured temperatures of Dis-8
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Fig.12-8(c) Correlation of sample temperature of Dis-8
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