JNC TJ9440 99-011

S E R A P HAREROEAFHERIER Ut RIRET

(MR A ZVEREE ZENEBRESE)

1999%F 3A8

MEFRTTEERSH



AEBOEHELRI—REET - EH - ERTIHERIE TRICBALEDELE
2
T319-1194 REBERMIFENFI4EH4 O
e 1 7 VRS
B EBAES SRR

Inquiries about copyright and reproduction should be addressed to:
Technical Cooperation Section,
Technology Management Division,
Japan Nuclear Cycle Development Institute
4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki 319-1194,
Japan .

© BB 7 )VEREHE (Japan Nuclear Cycle Development Institute)
1999




JNC TJ9440 99-011
1999%3H
SERAPHMHEROERFEHERTHRRE
(e Y4 2 VEREE RENRBRES) KR
AILAT

2 B

EEEZAMRERFE (SERAPH) CRESAFMIBICLELI NS EHRMERE
EREETZE. ALy F—HBEEXrv TOGHEEBEREHICEOEIERINT
BY, Frv7ScAdsrOEANBBEEZRITIILEND S,

HEH T, RV Y P —HEEX Yy TBICBIRTNIFEHR)-TERTAR

Xy w Z7ERITEFORBEOGEHEREZIBETSA. TREHOXBEZRRLZ.
@ BREBEZOBREBRBLEGRICBIT3, 862 ) - 7TBERRETO
ARG/ ARFERPLRERNE.
@)H%ﬁﬁtﬂ—tﬁx%#w?%%ﬁtﬁﬁ@t;%\%E%%ﬁ¢@ﬁ§
HE .

7 PEBALUAOSERAPHELANICERIhZGRIEEEEMLBIFY
w I RBEBEZII W TRHEERL =,

ZOER, BAEI)—TEEY Y v 7HROERECIERREKFESZED S L.
EREL. ChODOBEREEDL_NVIE, BEERLABGFEATCOGRIAET —F K
HATKEIZENDDLR>TEY, COZEOERLLTE THWEBHOEROD
EZIREBPEILSND.

FEXYw TIE20~100umOAXF Yy 7HABRKCORLBERERRDP S,
HRA¥Y v 7HOCREOERESR =,

5T, BERV—TLAOX Yy TEBICHE LEAMBRETRVEASEZRE
L. BEEZRCERINZGEHEELHETIHBERTERE Lz,

AREST., FEFETERGEASHEIBEBRHY A 7 NVARBHBEORNICLD
ERUZEBRRICETZIHIOTH S,

ZRNES :10C3908 _
YA oV HMEEE ARTEEY S — FhY DL - L TERRS
BREFZEELTZGr

¥ Za-JUP-FTACOy7OAVh (BE) FREER. *x HEUFEMEERE (k) BB



INC TJ9440 99-011
March, 1999

Measurement of Heat Transfer Characteristics of the SERAPH fuel and
a study on design improvement

Mineo Mizuno*, Kazuya Koyama**

Abstract
For the driver fuel of the FBR Safety Engincering Reactor ( SERAPH), a well-controlled
pellet-to-cladding heat transfer to fulfill the requirements is necessary so that some mechanism to
regulate heat transfer through the gap is indispensable.
In this study, following experiments were performed aiming at clarification of heat transfer
characteristics through the pellet-cladding gaps filled with alumina cloth or filled only with gas.

1) Measurement of center-line temperature of the test piece, in which alumina cloth sleeve in
the gap is compressed simulating the real fuel element, during a rapid cooling or heating from
outside.

2) Measurement of center-line temperature of the test piece, in which a constant-width gas gap
is maintained along the circumference, during a rapid cooling from outside.

In addition to the above experiments, a study on alternative gap concepts, which could fulfill
the requirements for the SERAPH driver fuel, has been carried out.

These experiments clarified that heat transfer through the alumina-cloth-filled gap is
dependent on the compression level of the cloth layer. However, these experimental results
with different compression levels showed that the heat transfer is much lower compared with the
former experiments where pure alumina cloth layer has been tested. There are some possible
elements, which could explain the difference, such as difference of the cloth type. Information
on heat transfer through the gas gap has also been obtained using test elements with 20 to 100
microns of gap width.

Furthermore, based on survey of existing material technology and experience, which could be
utilized for realization of alternative gap concepis besides the alumina-cloth gap, potential of
such alternatives to fulfill the requirements was studied.

Work performed by Advance Reactor Technology,Co.Ltd. under a contract with Japan Nuclear
Cycle Development Institute.

JNC Liaison:

FBR Safety Engineering Group, Sodium and Safety Engineering Division, O-arai Engineering
Center.

* NDC, Research & Development Dep.

** ARTECH, Engineering Dep.
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FH= 2 Rl PEEL
b{t®n _ : i
E H Tlc ZI‘C HfC VC TaC NbC WC B:C SIC CI':C: Cl‘fC: CrnCs
| P L ot :\Z jJ— 'IBE =1 poy — 8 — |
¥ R O \UFRR|YFARRIVNIARR|INARRINERR|IFAER|AFRE | PEHESER AEER HARR | =HER | MHRE
N . . FAY -~ .
4,85 6.44 12.20 5.36 14.48 15.6 2,50 3.21 97
® K (@m?)| | f | {. { 7.82 { { 6.68 6.92 8!
4,93 6.9 12.70 5.77 14.65 15.7 2564 | 3.22 6.99
' 3180 3175 3885 2810 3740 3500 2627 2350 | & B .
B A0 { { { { § f { 2200~ | 1895 | 1782 | 1518
3250 | 3540 3890 2865 3880 3800 2900 2470 2700
70 50 ~150 20 74 0.3%10*] 10° 70 105 125
R (e Q ~em)|  § B 60 § ) § 53 § § § ) {
173 64 160 175 254 0.8 10" 80 113 129
0.041 ' 0.034 : 1.065 | 0.098 | 0.045 | 0.035 | 0.041
BEAR(CGS) ! 0.049 | 0.053 | 0.010 | 0.053 { 0.070 { { { { {
(RT) 0.06 0.041 | - 0.069 | 0.100 | 0.047 | 0.038 | 0.053
: 2900 2533 2400 { 3000
{7 v (kg/mm’) 2600 { 2800 1800 2400 2400 ! { 1800 | 1882 1663
3200 3202 : . 3700 3500
31600 | 32300 26000 | 37100 53600 | 20500 | 34450
MR (kg/mm?)| 4 43300 f { 34400.| ¢ { { 38000 | — —
44800 | 48900 27400 | 38900 72100 |- 45800 | 42200
TR S 7.95 7.01 6.80 7.25 7.09 7.21 3.84. 4.5 4.7 11.7 9.4 10.1
(104, deg™?) .
(EBCERIKC) [ (25-1000) | (25-1000) | (25-1000) { (25-1000) | (25-1000) (2&1000)' —_ 25  [(20-2127) | (20-1100) | (20-1100) | —
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. 2 .& TN ZrN HfN VN - { TaN NbN BN SisN, AIN CrN Cr:N
. N RIAERE '
£ 8 B |HRR|YHE%|yrER iR |rsex | usan|” ‘ ABRR | THRR | AHER
: — | WHERFRER | (a, 8) ' "
8.26 ]2.15 3.48 3.25
# K (g/em®| 544 |.17.35 13.94 6.08 | 14.1 { { {1818 3.19 { 8.1 8.51
: 8.4 [2.27 3.49 3.30
2900 2930 3300 2050 2980 S B4 B S R
B A () { { { { { 2050 | 2720~ _ 2200~ | 1500 —
3220 2980 3307 2360 3360 3000 1800 2300
- 22 11.5 ' ; 600 79
4 HER(2Q - em) { { 32 86 135 200 | LTIX10%| >10" | 2 x10v ( {
- 130 14.0 680 89
| k) 0.035 0.0261 | 0.0514
BEMR(CGS)| 0.07 0.04 0.052 0.027 0.021 0.009 _ { 0.004 { {
. (RT) H bl 0.041 0.0807 | 0.0528.
' 1800 1400 1500 2670 1225 1000 | 1522
$ 7 O (kg fom?) { { 1500 1060 1400 —_— { . { { {
2100 1600 1700 3260 {1230(KK)| 1188 1629
58700 , 1160~ | 5620 28100
HER(kg/mm®) | 25500 — —_ — 49300 8370 { : —_ _—
(e -TaN) (a-BN)| 21800 | 35200
METRERE 931~039| 7.24 6.9 9.2 3.6 10,1 | 0.5~1.7| 2.75 4.8 2.3 9.41
(104, deg™*) (a-BN)
(RBEIRC) | (25-1100) | (20-1200) | (20-1100) | (20-1100) | (20-700) | (20-1000) [ —- | (20-1000) | (20-300) | (20-800) | (20-1100)
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o il " Ti0; ZrQ; HfO, Vi0s Taz0; Nb:O; WOs. Al 0, Cr:0s
# =B JEGER | ESRR | ARR | #58% | #FR% | AHER EFRR | XHRR | $5E%
BE (g/em?) 4.24 . 6.27 9,68 " 3.36 8.73 4.95 6.47 3.97 5.21
1855 2780 870 1755 1470 1473 2309
B A (T ) 2900 ! { { { 3 2050 {
1885 2790 685 1815 1510 2130 : 2359
HAER (e Q em)| 3 Xx10v — S 3 X107 1 x10" — 2 x10" 1 X107 —_—
0.008 '
REAR (CGY) { 0.0047 | 0.0011 0.0010 — — —_ 0.095 —_—
(RT) 0.015 |
- 1300 940 890 : 2300
19 o@E (g/mm®)] 1000 { ! — { 726 — { 2915
1500 1100 1290 2700
24000 , |
HHR (kg/mm?) { 25000 —_ — — — —_ 37000 _—
29000
AR R 8.85 10.8 6.45 8.1 9.6
(10¢, deg') | i —_— — — —
(REEFBC) | (25-1000) | (25-1200) | (20-1700) (20-1000) | (20-1400)
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FzES -1 DOPEE
+ v {tén
TiBl Zl‘B: HfB: VB: TB.B: NbB: W:Bi CI'BI FeB FE:B
# X" ’
B OB X | AHRR|AHER | ABER NE&EFR | NER% | NAERR | AERR| AHFRE #HERR | EART
. 8.06 .
% B(g/em?®) 4.38 6.17 10.5 { 12.38 6.97 11.0 5.22 7.15 7.34
. 5.28 '
[ S =G 2790 3200 3250 2400 3037 3000 2370 2200 1650 1410
. 6.4 :
HAEG(2 Q + cm) ) 9.7 10.6 22.7 32.5 25.7 22.0 30 80 38
9.1
BLEYR(CES) 0.154 0.138 0.122 0.101 0.038 0.057 0.125 | o0.076 | 0.029 0.072
(RT) N
3310 2230 2400 2797 2480 2650 2020 1600 1290
{7 BB (kghum?) f § § { § 2600 { { { {
L 3430 2274 3400 2813 2540 2675 2180 1700 1390
B (kg/mm?)| 54000 35000 — 27300 26200 65000 79000 21500 35000 25000
MR R 4.6 59 6.3 7.6 8.2 8.0 7.8 10.5 ~12 11.5~
(104, deg™") : 12.1
(27-1027) | (27-1027) | (27-1027) | (27-1027) | (27-1027) (27-1027) | (27-1027) | (27-1027) |(400-1000)| (20-800)
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(e) W &t #
BeC BeCla+Cql4Cl, 290)~340 1300~-1400 Ha
SiC 'SiCl,+CH, ~ 50~ 1925~2000 - .
TiC TiCly4-CeHLCH, 20~ 140 1100~1200 s '
TiCl,+CH, y 900~ 1100 2
TiCl+C" s pe »
TiCl442Fe--C » & 2
ZrC ZrCy+Cylly 250~300 1200~1300 y
WC WCly+CeH;CH, 160~ 1000~1500 P
(d) & &t #
BN BCl, —30~ 0 1200~1500 N;+H,
TiN TiCl, 20~ 80 1100~1200 P
ZrN ZrCl, 300~350 2000~2700 »
HIN HICI, & 2 *
VN vcl, 20~ 50 1100~1300 s
TaN TaCl, 250~~300 2100~2300 N
BeyN, BeCl, 280~340 1200~-2000 Ns+H,
AIN AlCl, 100~130 1200~1600 e
SiaNg sicl, —40~ © 1000~1600. »
Silly+4 NH, ~ 800 P
ThyN, | ThCl, 600~700 1600~2500 #
(e) v ith '
AlB AICI,+BCl, —22~125 1000~1300 H,
SiB SiCl,+BCl, —-22~ @ 1100~1300 »
TiB, TiCl,+BBr, 20~ 80 P »
ZrB, Z:Cl,+BBr, 20~300 1700~2500 o
HfB, HfCl,+-BBr; 20~300 1900~2700 >
VB, VCl,+BBr, 20~ 75 900~1300 »
TaB TaCly+BBr; 20~190 1300~1700 »
WB WCls+BBr, 20~350 1400~1600 p
(f£) 414 )
MoSi MoCly4SiCl, —50~130 1000~1800 H,
TiSi TiCl,+SiCl, —50~ 20 800~1200 »
ZrSi ZrCl+SiCl, —50~200 800~1000 e
VSi VCly+SiCl, —50~ 50 800~1100 »
(8) & t %
AlLO, AlC], 130~160 800~1000 H:+CO
5i0, SiCl, 0 800~1100 7
" SiH+0, ~ 400
Fe,0, Fe(CQ), 100~ 300
ZrOq ZrCl, 290 300~1000 »
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7 ~ = CC) ("C)
(a) B & R
et iely y
Cu CuCl, S00~T700 550~~1000 Hy #7212 Ar
Be BeCl, 280~340 500~ 800 H,
Al AlCl, 125~135 800~1000 »
Ti TICI‘ 20~ B0 800~1200 H; £/t Ar
Zr Zrel, 200~250 800~1000 »
Ge Gel, 950~ 450~ 990 H,
Sn SaCl, 25~ 35 400~ 550 pe
v VCI, 50 800~1000 H, ¥/t Ar
Ta TaCly 250~300 600~1400 ”
Sb ShCl, 80~110 500~ 600 H,
Bi BiCl, 240 240~ ’
Mo MoCl, 130~150 500~1100 P
w WCl, 165~230 600~ 700 "
Co CoCl, 60~150 370~ 450 P
Cr Crl, 100~130 1100~1200 »
Nb NbCly 200~ 1800~ »
Fe FeCl, 317~ 650~1100 P
Si Sicl, 280~ 770~1200 P
SiH,Cl, » 1000~1200 »
B BCl, —30~0 1200~1500
Lo SBEEofb
Al AI(CECE)< Gl 38~ 193~ 100 | Ar ¥#4E He
Ni Ni(CO), 43~ 182~ 200 p
Fe Fe(CO), 102~ 140~ »
Cr Cr[CoH3(CH,) ] ' ~ 400 »
W "W, 600~ 650~ P
w W(CO), 50~ 350~ 600 P
Mo Mo(CO), 150~ 160 »
Pt (P1Clp)y(CO), 100~120 600~ »
Pb Pb(CgH;). 94~ 200~ 300 >
(s) & &
Ta-Nb | TaCls+NbCls 250~ 1300~1700 »
Ti-Ta . TiCl+TaCl 250~ 1300~1400 #
Mo-W | MoCl+WCI, 130~230 1100~1500 »’
Cr-Al CrCly+AlC), 1200~1500 »

85~125
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