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Thermal-Hydraulic Tests with Out-of-Pile Test Facility Simulating Natural Convection Capsule
Yoshitomo INABA, Taichi SAKAMOTO " and Takayuki YAMAURA "
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Oarai Research and Development Center
Japan Atomic Energy Agency
Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received December 22, 2009)

Power transient tests for the fuels of light water reactors are to be carried out in the Japan Materials Testing
Reactor (JMTR) using capsule-type irradiation test facilities, and the integrity of the fuels is to be investigated by
the tests.  Prior to the irradiation tests of the fuels, the out-of-pile test facility, which had an electric heater pin
instead of a test fuel pin, was designed and fabricated to simulate the capsules used in the power transient tests.
Using this facility, necessary tests for the realization of the irradiation tests and the planning of the test methods
were carried out.

In the present report, the outline of the out-of-pile test facility, the test plan and the tests simulating natural
convection capsule were described.  As a result of the tests, it was found that the power of the heater pin with a
diameter of 9.5 mm can achieve to 600 W/cm without transition from nucleate boiling to film boiling under
BWR and PWR coolant pressure conditions, and it became clear that the irradiation tests up to 600 W/cm of

BWR and PWR fuels with their outer cladding diameter of 9.5 mm can be realized in JMTR.

Keywords: Light Water Reactor, Fuel, Power Transient Test, Out-of-Pile Test, Capsule, Natural Convection,
Boiling, DNB, Thermal-Hydraulic Behavior

This study was conducted under a contract with the Nuclear and Industrial Safety Agency of the Ministry of
Economy, Trade and Industry.
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BT, b—Z — U FHEIREITR 320°C 1T, b —F — B U AHVKIREITR 278°CI1TE LIZ, — 7,
b —Z— T 600 Wiem DA, b —Z — YU REIREITR 318°C 12, b —F —Y U mEDKIR
JEITHI 273°C EipoTn, BE—F—E UM% 600 Wiem 25 648 Wem [ZHER ST, B —F—F
CEREREITIZEE T, BENR LR THHEMITERD b oTn, 2, e —F—E U REIRE
IX. 7.5 MPa [Z31) ZKOEFIRE 291°C £V 25°C UL E@E< ieote, LEDZ L5 HE 9.5 mm
De—2 =MW TH, DNB 24 UFITH T 600 Wiem 2NERLTE 2 2 L 3binoTz,

72k, BREREHAADN G 242 REEICE — X — B U TEME T LTV A 0%, B BB O A
vH -y Tbe—4—ENE) Ck, e—4—FFEN ) v T LD THD, JhuE, 4%
— 8w 7 OFREMEN 24kW (600 Wem) DEETHo7=Z ENFRTH Y, REMEELERL, HHIZ
FRBR A foef T L7,

(2) Fx 7Kt EO MR
(FBRA— % BWR-2, B v 72/ OS] (1) /. Fig 2.3 281)

B CR R U7 BRI, B N (UM 1 38 mm, NS 1 34 mm) | BES v TR AAME (MR
32mm, PEE:25mm) | EAE 1A (RS v 72 ~OfKH) | (EOE EExEEM, 4ME
16 mm, W& 15mm) FOHERINTVND,

AIFAGRERTIX, BRI F T, e —Z—E U WmEAUKES % BWR &40 72 MPa & L, BE—%—
B UM% 300 Wiem Je TN 400 W/em &35 &2, EAE D LEHEEY ¥ 7L~ ORKITEE 1
em’/s 721 10em’/s & L, FH 6 DL T~

Fig. 3.4 [T b —# — UM ORI L & | Fig. 3.5 12— — U EHiEE EEME: b —H
— BV RN 360 mm B, TC2) ORI L% | Fig. 3.6 IZt —X —E U mEIKIRE (BAEXLE
U8 T2~ 6 268 mm L TC6) DR L2 ", b — & — B U #iHH 7] % 300 W/em & TF 400 W/em
& LT2SE, fAKREICE D b e — & — U RERELIIR 3060C T—ETH Y | 7.2 MPa IZ31F 5 fil
FIIREE 289°C L0 15°C LA EiE< 72Tz, F£72, B —Z —E U714 300 Wem, B AE ) DX
Y TR NA~ORKTTRE 10 em’/s & L7A, b —F —E U mEAVKIBEITR 137°C Lro7208, fak
iz 1lem’s AR LI 25, =X —E U BHVKIREITR 214°C 12 EF Lz, b—X—E U
1% 300 W/em 75 400 W/em [ZZ8F L, A D SBHEESF v 72 /L ~OfKifE%Z 1 em’s & L1233
B, B —Z—EUBHUKIBE T 252°C Lo T8, KRR 10 em¥/s ICEFE LT 2 A, B—H
—EUHAKEREITR 170°C IR T Lz, 20X 912, MAREICL > T, e —F— U REIREIX
LA EREBEZT RN, e — X — U mEKIREITREEZ ST 5 Z LT,
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3.2.2 PWR&EHZEESL-BAMRR

- BARKIIRRFIZ 51T 28R T 600 W/em SRR I OV v 7™ V7K D 5 B ek iR
GRBR - — A PWR-1, ffEx v 7 /v ORI (1) . Fig 2.3 2H)

FRBA O U723 BRI, BN (UM 38 mm, PN : 34 mm) | B v 72U (UM% -
32mm, PR :25mm) . AR 1A (B v 7 A~OKH) | AEE EVEEEH, AME
16 mm, P 15mm) FOHER SN TVD,

AJFAGRBRTIE, ARG FC, b= —E U mEIKE) % 10 MPa 7>5 PWR 40> 15.5 MPa &
L. BE—&—E#HT% 200~600 W/em OFEFA TE L X5 &I, EAE D DS v 721~
DFAKTEEA 1em’s 721 10em’/s & L. FA05 DA T~ T,

Fig. 3.7 12t — X — U D&% | Fig. 3.8 12t — X — U nHUKIE I OS&ME%, Fig. 3912t
— X — U RmE GAEMLE bt — X — 2 2D 360 mm B, TC2) OFRFFE L%, Fig. 3.10
IZb—X — U mAVKIRE (BAVEXHIE « AHU8 T2 268 mm i, TC6) DOfRRFE{vA <7, b
— X —E VR % 200 Wiem, B —# —E U OHBAKES % 155 MPa & L, i ¥ 72/ ~0kG
KA 10 cm’/s 705 1 em’/s ICZEH LA, b —4 — BV REREITH 310°C 22 HKI334°C I, b
— X — B UREIKIREE IR 100°C B 154°CIZ EH Lz, F7o, b—X—E U8 71% 300 W/em,
B v 7R ~OKITRE 10em’s & L, B—4—E 2 OMAVKIES % 10 MPa 225 15.5 MPa 12
HWMSE54. b—4% — U RENEEITN 329°C 2255 358°C I EF L7y, B —F —E U mHIK
JREEIE 135°C~137°C TIEF T ETh -7z, ZORREN D | Bl v 72/ ~OfKiTEE 10 cm’/s 2
S1lem’/s IZEF LzE Z5AH, b—F—E RmBEITH 361°C TIRELDEN -T2, b —F—
CIRHKREEITR 216°C I B LT, £k, B —X—EUfHT1% 400 Wem, 500 W/em T 600
W/em ~& BEEAQICHIN S8, S Z LT v 7R~ DK R Z 10 em’/s 226 1 em’/s (2
BRIz, b —F—ErREIREIL, #RHIERORKRENZE LT 364°C~371°C TIRFE—E & 72
0. 155 MPa |23 B HIFNIREE 345°C £V 20°C LI E@i< 72 oz, TD—F, b —% —E U HAKIEE
13 BRI DI EDZEVIZ L 5 T, K251 169°C 725K 255°C ~. £ 200°C 7> 59 288°C
~ KI233°C BRI 320°C ~& R LT, 20X 91T, b —F— U REREITMHEKES L O
REEICE L2WVMERW B — 2 — B VRN CII KRB OFE L 1, b — & — U mHVKIREIFAK
MEOBEZ T 52 LRbhoT,

VLEDZ &5 PWR DEHVKEN R FICHBW T, b —Z —E U#iiH1%4 600 Wem & LT DNB

—EUREREIXZEERND Z L 2R LT,

PLEDFE DL LT, BB —Z2 BWR-1 KOPWR-1 IZBITH e —4—t Ut itb—2—t
FimRE (TC1, TC2 XUNTC3) & OBHR% ., Fig. 3.11 1T~ 7,
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B A : 0~648 W/cm
BKkmE 1~10cm’s
L
100 200 300 400
B [ (min)
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AEKEH : 10~155MPa
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(1) BAFETIIA5ER%%4% © TIMTR : Japan Materials Testing Reactor |, /3> 7 L K, p. 17, 2005.

(2) T. Nakamura, et al.: “New JMTR Irradiation Test Plan on Fuels and Materials” , Proc. International
Symposium on Materials Testing Reactors, Oarai, Japan, 16-17 July 2008, JAEA-Conf 2008-011, pp.
117-122, 2008.
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