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Fuel Centerline Temperature Measurements
in NSRR Experiment

Tsutao HOSHI, Takamichi IWAMURA, Satoshi YANAGIHARA,
*
Yoshihiko ORITAT Takanori HOSOKAWA.

Division of Reactor Safety,
Tokai Research Establishment, JAERI
(Received July 12, 1978)

The fuel centerline temperatures of NSRR standard fuel rods in pulse.
irradiations were measured with W-5% Re/W-26% Re thermocouples inserted in
a centerline hole of the fuel pellets. Three different fuel rods were
individually subjected to repeated energy deposition {4~6 times) in 36~242
cal/g.U0,.

The maximum fuel temperatures under the same irradiation conditions
were same; there was no significant effect of the irradiation repetition.
The behavior of fuel temperature during cooling was governed by the cladding
surface heat transfer coeficient. Beyond DNB, the behavior of cladding
surface temperature was influenced by the irradiation repetion. However,
the threshold of fuel failure was not influenced by the irradiation

repetition.

Keywords : RIA, NSRR, DNB, Fuel Temperature, Repeated Irradiation,
Fuel Deformation, Film Boiling, Quenching, Reactor Safety.

+) Division of Power Reactor Projects, JAERI
*) Hitachi Ltd. '



JAERI-M 7796

NSRREBRC LT LHEBEPLEBEIE

AART IR RERRFESTEY
B OERE-EN 2AF-0E 0 &
HE BE- M s

(1978FT7TF1 2H%HE)

NSRREEFABRBRBEOPLACW-5%Re /W—-26%Re BEBEXUEHAL, <4
A~ BEFORBPLBEEBS TRE L 2. ERIESBBELCONT, 36~242calg-
VO, 0RBEBMEANT, ThEhi~6@BOIELRBHEEIT - 7%

K OER, BEPLEEHEOBTRLERIRT T, SHBRTIINRH.LEE 8L,
HREEEEAGERCHEINL Z LVERBINA, BRIELBHOEETONWTII, &
BPLBEZBEIRNBEORRE L 2D, BRTREBELESIE, DNBETEA AL,
BIYBELBHOEBY A DRITLI DB Do, /4, BIVELBHEVSHEAL 2WE
KL T8, SO0ERICET LB NI 0o,

+)  BNFRERE - Rttt EER
*)  HIBUERT B XERY



JAERI-M 7796

D 4 PRI Eh e oo 2
3 PR L USSEBRAE IR e 7
31 B GRS 7
3.9 EEEREEHRL e 7

3.2 3
3.2 4
4. &

i R L L e e 7

A1 BREVERULIREEBETY oo 15

4 1.1
4.1. 2

%%ﬁﬁﬁ&g)ﬁﬁ .......................................................................................... 1 B
BEEREREEETLAR T OBESBICS L DYR 16

4.2 $BD R LBBETO B e 16

4.2.1

4.2.2

4.2.3

4.2 4
5 #4

BRI LR BB T AR ELBEOER o 16
HREEERESEBDICH T RO LBEOERE 16
WBEE A THB D E L RGO s 17
S OELBHECE AHEL & NEOZEL e e a e [ 18

Testﬁzos_z ................................................................................................
Test./%.205—5 Cerarasarreaarenns ............................................. L ECRACREARRILLIILEES 61




JAERI-M 7796

Contents

L TDb T OAUOEDE L O «oveerrereressnrssmsinsesassssaresessessesnesssess crssasesmssmsansanas oot eassebses emem s s s sa s 1
2. Experimental Method i SPORPN 2
2.1 Test fuel rod and fuel centerline temperature
£ € TIN0 G OU PL € wevvvvesrresormmrmmmrrrascosssess b s s s ase e bt s
2.2 Irradiation capsule .........
2.3 MeaSUT EMENE SFBE @I e et e st i s
24 Irradint ion Me bR od e s
3. Irradiation Conditions and Experimental Results oo
31 Irradiation CODNAEb iOIS et e _
3.2 Experimental results
321 Genmeral diseripubion - s R ‘
32.2 Results of Test # 205—1

L I T B I I - T I R

3_2.3 Results of Test /4 205—2 ceninen. v veaateerrrteesenrhienrmearan e iaan e maens _
3.2 4 Results 0F Test £ 2 05 -5  cerrrrercrermminmim e esies s s snsaas s e 8-

4. DD EB G BB E QI correrrrrmrrerrreennemcs i e st e st s bt a s e st s nn e s s e seresaneeie 15

41 Béhavior-of fuel centerline temperature ..o renerre e 15
4 1.1 Correction of thermocouple timf constant .o 15
412 Effcets of cladding surface heat transfer coefficient

on the behavior of fuel centerline temperature- - senseseaaens 16

42 Effects of irradiation repetition -om e 1§

'4,21 FEffects of irradiation repetition on the behavior

of fuel centerline tempel‘ature ...................... e Lo LL e 16
422 Effects of irradiation repetition on the behavior

of cladding strTface LEmMPETALUT @ ot e 16
4 2.3 Effects of irradiation repetition on cladding

Q@5 0 FILA b L QI rerrrrrsnsrmsssemess et oo S L 17
4. 24 Effects of irradiation repetition on fuel failure

B, (0N LIS BOILS -rrrreereereaesresses nm e s e n s oLt eSS 30
ACKROWL @ARIIOIE §  rorerrmrressrrs e srsr o bt ch s 30
RGF T @I OGO  +orersrrers imms oot sossaasnssa e oL Ra LTl e 30

Appendix Experimental Data o e 31
Toat M 2005 — 1 rreeetrroesrmormsrie ettt 32
Tost M 20 5 D coereerorss ot b b s e 5
e § M 2 (05 ~ 5 «orererrearsmsmsmsessmmsss s ons et 51




JAERI-M 7786

1 W El

BERC LT LBNEREN 2 — VORECX vy 73 ¥ £ 2 2 v A, Bl - HAHREE
BEOIMO 2O, BEPLEEBESEHO 7 — 20628 3ih b, FERE, NSRRERO
ERER BRI AP LBEREHREY (W-5%Re /W-26%Re ) TROMIT, ©
OhEBREFZRBT A EHIC, BIF s - VERETHAADOTF—25BL L EHH LA
47, F-BE+BRIBELBEHL, ~vy tOHACLBEEOL 2L ORBABISRATL
RECERETREREOBESEHCA»CERT L0 FML A,

AEBRIITIEE T, Test # 205—1,205-2,205-5D3KORBBEICDONT, £
#h6,4,500BRVELBEYERL A, FERCLOBIELBHRRBLTORRE
%2 AHEmM%F Table 11 TR7,

AEEB LY — XOWBHELHFNWTIE, 205-1~6 6 5r—2OERETFEL TN,
Pt34—aOF— 2 2L AMR, AEFECEHEZ- 4o tELLNBOT, &
HTHEERO BELS L BRHEBRERE T RET L. &b, BRY O Test 4 205-3,205~
4,205—6 OERIT, SEFEF LD T LTLEVELABEICRIIEREEBT LT
ETH 5,

Table 1.1 Objectives of Teat #a 205 Sertes

Energy Deposition
(cal g-U0,)

205—1 | 36,36,70,150, DNB B szt EWRE#ESD L, RN

209,231 HBEY LRI, ARRBCHTIRBTLERE
( EBHOT—2EH”5L, :
205—2 | 151,154,155,234 | 205~1 THIHTDNBZ#EAA#150cal g-
U0, ORBBR T3IEBRIRLBHET», BREH
LEELBREAGEREEDOBRECRABED
BEErH~DH, Tk, 205—1iF231cal g-
VO, DR#BRBEHRBETHHEL 2O T, REICREF
_ LraBrEL, BROBELTHANDL,
205—5 | 147,177,208,228 | 1HBWKXH 150cal, g - U0, ORBREETEZ,
242 M2 EOF—R#TOHELEBT L, ILICERK
Wi Er FAL, DNBY*BAAZHBIELRY
DEREHE~, 2051 L0 3 HEBEMEREM TR
(L THBOHEETHNL,

Test A Ojectives




JAERI-M 7796

2. ¥ B F B

21 EEAHESLIUVFORBREMNEAMEN

AEBRTERALARESEIR, ZEEMCINSRREBOBERDABRNELF—HROBO
T, BE R 2O LEM Yy CRENHEARBONL T, W-5%Re /W—26%Re
#E (Tav—2 ) 2WMALAIDO TS5, Fig. 21 CHENBOMER%, Table 21 T
BREE OH BT, Table 22 KH LBEEHNERARENOERETRT,

22 B@BHgHTEIL

BE s 71, SUSMKKEKS 7 e (18 ) EEALA, Fig. 2207 71D
BELBROXFEREBEEL R T,

23 & B *

ERICH > Tz, RETLEESOMC, RESBRAERL L TREROBENEAREN
B bR, BHLAREMNIE, BE02nmeOPt /Pt—13%RhELITVPt-20%
Rh,PiL—40%Rh RENERT, WYMNTHER, ERTZryBREBCR Xy PEERLA
Fig. 23 CAZRCLOBBSRFERENCHARELR AT IR L ABYOMELTRL,
Table 2.3 WAEMOMERERT, 27, RBREHEOUEORD, HFLOS v 2HTERS

tH R BIE L % |
— s EREROT B, 7 Mg Fig. 24 CRF, BIGRT L0, REBESILRICTL

-
CEEMNETHENL, —ARET—TVvz—F-KHEEL, ThEHFLEL A
24 WHFZE

SR B, RBRBORBEL 4 36cal,g U0,/ MW-8( FPOFIHBRIC LY
ELABDEL, FRELARMEZ 5L AREIOANAHNERE LA, “rAHAOKE
IUBAREEBCHAF 20T, Sr2aBEOHERS LHALLHEOLBILCHEL THN
Ab Do BERBRRESD SEICT 2K C ERLE VT ok,

rpl b ELBE OB, RBRRBOBESTATHL LK, AAr2RHEOMIK3 0
AU EORBHME LN,

el



JAERI-M 7796

Table 21 Test Fuel Design Summary

Element
Overall length 234 5mm
Active fuel length 13 5mm
We ight of fuel pellets 917¢
Numlber of pellets 14
Centerhole diameter for T.C. 2m
Plenum gas He latm
Pellets
Diameter 9. 2 9mm
Length 1 0 mm
Density 95%T.C.
Enrichment 1 0%
Shape Chamferred
Claddivg
Material Zircaloy —4
Wall thickness 0. 6 2mm
Quter diameter 107 2mm
Pellet —cladding gap 0.0 9 5mm

Table 2.2 Fuel Centerline Thermocouple Specification

Thermocouple

Sheath

Insulator

Fuel centerhole diameter
Sheath diameter

Thermocouple diameter

W—-5%Re ~W—-26%Re
Tantalum

BeO

2. 0mm

1. 6mm

0.2 5mm

Table 2.3 Cladding Surface Thermocouple Specification

o diameter | Nominal Range Thermo E.M.F.
Thermocouple Type o
(mm ) (°c) at 1000°C(mV)
Pt—20%Rh. Pt —40%Rh 02 1, 800 2.50
Pt Pt—13%Rh 0.2 1,400 1047
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Top Pellet  Clodding-Disk  -Bottom

End Fitting < Spring Spacer \End Fitting
80 \

W .. MR T L Lol et

i \ 135 |
i 234.5 |
{ Unit: mm)
Fig. 21 Fuel element for Centerline Temperature Measurement
200 ¢

Water Level Sensor

Cladding & Fuel &
Displacement  __ _
Sensor

Test Fuel L '

Thermocouples—— 14

Fuel Pressure
Sensor

Copsule
Pressure Sensor

(Unit: mm)

Fig. 2.2 Standard Water Capsule
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Symbol | Thermocouple Type Nominal Range(°C)
> " Pt -20%Rh/Pt-40%Rh | 1.800
o Pt/Pt-13%Rh 1.400
5 .. 33
#5[ #3 f —
= i
#4 60 —
205-1 135
Active length
W-5%Re/W-26%Re
W-5%Re/W-26% Re
5, 33 _ 33 if”
#8 J\#:}: 2 #twal | —
_Il','_" 1
— ‘o T L
#6 *4 #5
205-2 60
135
Active length
S, TL‘E_T ¥l
#8 #3  #2 i #;r —
#6 #4]| #5 —
205-5 60
. 135
Active length
Fig2.3 Locations and Types of Cladding Surface

" Temperature  Thermocouples
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Table 3.2 + LUNRNGOBETKCELN AL L 2T, 36, 36,70 cal/ g. U0, ORER
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6EE (231calg. UO, YORHTR 11 PEEEBRSMEL . RNPLREED TR
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Table 3.2 Summary of Experimental Results
( Test NO.205-1)

Enérgy 1 Maximum o (Maximum Cladding Surface Temper -
No. Deposi.tion . Fuel Cepnteriine | .at.ure {c
{calg.UQ) Temperdture &1 %2 s 4 s
(O .
205-1-1 36 : 4.00  92 122 128 100 70
"205-1-2 36 300 133 129 116 143 -
205-1-3 70 800 - 166 226 .100 48
+205-1-4 148 . 1,640 ‘802 |1,040 8903|1051 74
205-1-51 200 | - 2170 1,333 (1,463 | 1,356 | 1,430 | 110
205-1-6 o231 | 2,280 1,340 [1450 | 1360 | 1450 -
Table 3.3 Summary of Experimental Results (Test NO. 205-2)
Energy = |Maximum ° ' Maxirmm Clatiding Surface Teﬁiperature o
q,, | Deposition’ | Puel Centerline —T ' —
(cal/g'UO,)| Temperature - | #1 | #2 | #3 #4 | #5 #6 | #7 #8
.' £C)
205-2-1 151 1,604 _ 783: 733 533 725 967 |1,150 500 56.7
205-2-2 .154 _ 1,630 166 | 133 103 122 150 194 - 217 120
205-2-3 155 1,649 : - 190 167 133 162 1324 11249 725 133
205-2-4 234 o 2,258 .' 1,500 .| 1,450 1,400 | 1,368 {1,433 {1,433 |1,267 (1,435
Table 3.4 Summ_ar:y of E;perim_ental B,e.sults(Test NO. 205-5)
Energy | Maximum 7 1 Maximum Cladding Surface Temperature (C)
‘ Deposition | Fuel Centerline [~
Ne- | Temperatufe #1 #2 | #3 | #4 | #5 | #He #7 | #8
(@LETQ) | €O
2056-5-1 - 147 1,633 . 617 590 648 820 800 733 550 650
-205-5-2 177 1,925 1,081} 767 333 793 713 197 783 437
205-5-3“' . 208 ‘ 2'15,8. i,250] 1,250 (1,225 | 1,280 1,2701 1,265 | 1,137 j1,223
‘205-5-4 ‘ 228 2,24‘.5 : .1,2505 ‘1_.298 .1~,300. 1,260 1;283 1,267 |1,308 [1,267
205-5-5| 242 | . 2:260. 1,408 1,380 | 1,353 | 1,300 | 1,413 | 1,328 |1,088 |1,208
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Test NO 205-1

oxidation (/:ircumferential crack Outer diameter
1397 ' ’
Top o/ Bottomn (mm)
2 0O deg 90deg
O C @ B3 PpYe = ® 10.80 1075
33 |33 0 ® 10.80 10.75
221.6 " ® 10.85 10.80
@ 10.85 10.85
® 11.20 10.95
® 10.75 10.75
Test NO. 205'2. ) _Quter diameter
oxidation : (ram)
' 137.3
Top | Te Battom O deg 90deg
- D e 3 @ ® 5] @ 1080 10.80
® 1085 10.85
30,33 133 |30 @ 10.80 10.95
220.0 @ 10.85 10.95

® 10.90 10.90

Test NO.205-5

o>§§9920n o Outer diameter

Top : Bottom (mm)
. Tl B @ ® ) . O deg. 90deg
i} © 10.75 10.90
30| 33 | 33, 30 ® 10.90 10.85
235.7 : - ®10.95 1095

Bowing C::% @10.90 1090
R o ® 10.90 10.90
_f Jmm '

Fig.3.3 Post Irradiation Appearence and Results
of Dimensional Measurements
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s = =
v o @ -

Cladding Outer Diameter {mm)
o
[¢]

Test NO. 205-1

+ Direction A ( O deg )
o Direction B {90degq )

10.7+
Fuel Center
10.6F Bottom | Top 1
L1 1 [T T T T 71T 1 1§}
L1 | ) | | L L1 A O I ] !
10.55 50 100 150 200
Axial Position (mm)
Fig.3.4 Results of the Profilometer Measurements in Test NO.205-1

. Test NO.205-2
£ « Direction A (O deg)
E 100} ° Direction, B (90 deg)
S
o [ -
£ 109
S
(]

0.8 _
| -
L
3

107H -
o Fuel Center
E
g 106 Bottom Top _
S L1 | [ T T T T 1T b 1]
&)

P T S SR AR TR T SRR SR R SR R S
IO.50 50 100 150 200

Fig.3.5 Results of the Profilometer Measurements in Test NO.205-2

Axial Position {(mm)
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1“‘ . - P .. . L -
Test. NO.205-5
—_ » Direction A (O deg)
£ 1o} = Direction B (90deg) -
£
-
% 109 |-
E
°
Q108 7
e
grorr -
" Fuel Center
=4 : | |
5 106 Bottom . I Top E
T S O N I O | I I [ 1]
L_)l_ NI . 1 1 [T S | | A I VI S 1 L. ] L

Axial . Position {(mm)

- Fig.3 .6 Resuits.of the Profilometer Measurements: in-Test NO.205-5
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BEEELLBESOLELOMICE, »2 ) OBRMBEANEL ST ETHE, =T, 8K
FOREOBEZMMYEL AT 240G, TORMEBhAERHET HLRVSL,

4 BEHEENA—RENTEMUTELLEEL T, TOBRERY «, ARPLEEOARD
fE% T (1), EHEET, (WD)EFHE, RAVGRIL T2, |
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RE+hi, Fig 41 LI BENREHEIVLIBEEL RO LN L,
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