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Thermal Characteristics of New Concept of Capsule
for Fuel Irradiation Test in HANARO
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Abstract

The design and manufacturing technology of non-instrumented and instrumented
capsule for material irradiation tests have been successfully established with the support
of National Nuclear R&D Program. The development of the instrumented capsule for
the fuel pellet test in HANARO are also progressing to provide essential in-pile
information to fuel developer since 2000. The temperature calculation of the capsule
are carried out with a commercial FEM code, ANSYS as a part of the new type of the
capsule development.  From this temperature calculation it is confirmed that due to the
more lower peak temperature the fuel capsule test could be performed more safely. In
addition the compatibility of the capsule to HANARO are also reviewed. The analysis
results will be utilized for the detail design of the new type of instrumented capsule.

As a results of the development and installation of this system in HANARO, the



essential and reliable information on the development of commercial nuclear fuel can be

provided.
1. A 2

2 dFelA e 2AE &AL 1995 shRsE R Al mdstel A4 7
EH FHE olE ol&ste] Iy dHo AEFolAY NEE FEHARE H4H
FH87 2 =4 A5 FAIERA AsES we W7l fste] ZAFE AT 1~4]
AAm A ES A% ZAEES dds A9 AR ES & 7 e T
F AEol A MEHAL R =AU OR4 FAF T4 DUPIC 2o AZA| 7}
A 2AE AT AFES FAE AES 958 YR Fedds JFA <
FrAbetH, A5 ] =& WA widd Ao E HAF P xgEofof &) wio
FAY Bee ZF Riol EEl'E & dom hot cellold P02 =g R £
Aol 7hsste s A&E AT

A= AAY HHL B AFE AR A FAH Lo olE AR
FAdH BAGE AAsted 8% 98-S "@Eetal Aok wEkA, ddse] A
A4 dATtet AlY ddE IS fsiAE AR U 2AME s " ATA
S AR To] AFA o R Fryojof 5t olE AR AR QsVIe} dAAR
o] 7beAd Sulol Za3 AREr &8

A A28 FAVIANGeR dds A o] WPH Qo AgA H

SANAME dAge et 7| =AF7 JyEI o], o] Hag AAme] FA}

4> J®

o) ZANGL AGeta Aok TF, Sz ol BHFAYOR AYFA 9
ZANGRFNALE ot FEOR BAA GARE o] &7 AR AT A i)
S EAATMNE S Fo AT

)% WAR 2ANY Aol wEw dFd AAme 2ANY, 5HZA
A7k 2 FHL Aok o2 918 AU ol4d FAdr wu TAEA 2
AAT ARANE AT 2N Bag ule Fust g WA o] o

=
A EE A s AL BEAAA 2 SO AT
o



Al Z1zHolH 2 o] §H

2. 71ststA J3Ad

AT ZAMAEE AEe P 7|E AARZZAMAGE FAE A&6]8 FdskA L,
st g Eets 548 ke 2w gl daw AEe] Ade FigldAd ne
vhel 2o, Ao F2 FALS AFAGAED o] BA, Rad 9 chyj#or A E
Ak, ey dds AAE] EAE olAZA S Jidde Ee] NaK ¢ 22 A28 ¢
WA Hgstel nnt WALz QAL Soldl T + ARF Ak AA medE
A= AA= 39 A5 & T8 F A, BAE 29e® /74 dE TS A
ol ZANAT 5 AR AdS AR EF AR 2ANPF 7] Feor A
NaKel ebdde meste] 239 4718 Adsan

Gas Controlling
Tube
//‘
Flose Tuhie o MWl Canlainer
aa
He | \\
rl=F-F- Thermocouple
| NaK | ]
! i
1 | *— GasGap
! i
1 | S
! I SPND
i
— {HetHe) Gax :':::;"_If:'.
Fig. 1. New concept of the capsule
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Table 1. Specifications of the fuel pin

Pellet/Pin Pellet .

Case d (mm) Dia.(mm) Density(g/cc) Enrichment(w/o)
Fuel Pin 1 145 10.55/12.42 10.79 15
Fuel Pin 2 145 8.19/10.06 10.96 3.1
Fuel Pin 3 15.9 8.19/10.06 10.96 3.1
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Table 2. Thermal conductivities(k: W/m - K) of the materials with various temperatures

Temp.(°C)

i 20 300 600 900 1200 1500 1800 2100
Fuel Pin 1 4.69 3.79 3.138 2.7 24038 | 2.218 215 | 2.2419

Fuel Pin 2 9.05 5.45 3.85 3.03 2.58 2.35 2.28 2.1

NaK 25.886 | 26.961 | 27.821 | 28466 | 2894 | 29.326 | 29.6 29.8

SUS 14 18.3 22.3 26.5 30.8 35 39 435

Helium 0.149 | 0.233 0.31 0.373 | 0422 | 0458 | 0.479 0.85

5. |49 4 513

. N

AAEF S 93 AA 2=
W exe Rye Hyexwe Hrised vk
i

B Ao E A dAdze U0, A5 HES ol &3
‘/E\_ T
HE £x9 FYoRRY wpUgo o

o]lﬂi Z/\}/\]z‘ﬂ/\] m—xgﬁl zI: o)
uela olE AEE P&l A =3
Age FE7HAE A(del e =3t

(1) #4551 (d=145 mm)

A5 T 12> A5 THo2FH A5 TY7A9 A, d=145mmE ztil
AL 1055mmelt}t.  Fig. 45 1/6 EdoAe &
2488 Cx2 Age| TAFolA w3, F9 2
e AT F Uk oA FFY dHEET

’

T A%E deugdt.
i |

Aol SARHA LEI FE

fr to

fo 2
BroH

1

Ny

Q‘L

M1

;’{ Y

Dapls Tusl Tewp. 014 S
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Table 3. Maximum temperature of the fuel irradiation capsule

Case Dlsta&ﬁeﬁcar;] the Max. Temp. Remark
Fuel Pin 1 145 mm 2488 °C Fuel center
Fuel Pin 2 145 mm 2633 °C !

Fuel Pin 3 15.9 mm 2581 °C "
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