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Study on temperature field in porous blockage in a fuel subassembly
- 37-pin bundle sodium experiment -

1. Kobayashi*, T. Isozaki*, M. Tanaka*,

M. Nishimura®, and H. Kamide™

Abstract

Local blockage issue in a fuel subassembly is one of initiation of local fault in a fast reactor
core. In existing studies, it is shown that blockage in a wire-spacer type pin bundle will consist of
small particles coming through the bundle and will be porous. In order to evaluate the integrity of
fuel pins covered by the porous blockage, we have to predict thermohydraulics in the blockage
and also in the pin bundle.

In this study sodium experiments were carried out using a 37-pin bundle test section with a
porous blockage. The fuel pins are modeled by electric heater pins of 8.5 mm in diameter (full
scale). The blockage is formed by stainless steel spheres of 0.3 mm in diameter. The blockage is
set in the two rows of subchannels along one side of hexagonal wrapper tube. The length of
blockage in axial direction is 35 mm and corresponds to 1/6th of wire wrapping pitch.

The experimental parameters were power of the heater pins. The heater power was varied
from 14% to 43% of the maximum linear heat rate of a real reactor (~ 420 W/cm). The flow rate
in the subassembly was set at 430 I/min corresponding to 93% of the Reynolds number in a fuel
subassembly of real reactor under full power condition.

The experimental results showed that the highest temperature was measured on the pin
surface covered by the blockage and faced to the subchannel which was surrounded by the
blockage. The height of peak temperature point was nearly top of the blockage. It means that the
temperature field in the blockage is influenced by flow filed in the blockage significantly. The
non-dimensional temperature profile in the blockage and in the pin bundle is independent on heater
power.

* Reactor Engineering Group, Sodium and Safety Engineering Division,
O-arai Engineering Center
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ZOLY WY —EICHRET 2 RER 361.4 [Cl. REFRIEIZS20[CI &2 0. 5
WS NTZABRGHITRE (3602 [C]) &M 1ITOET—HT L, b—INFREL
TR L 2oz LLEOHRIOHBEEE TSNS, R, HAORE, ©—%

o
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—EV DI ENFNREVBETHEHESATWE LD EE 2 4, Casel. Case2lZ D\
THENFNREOREIZS 1 COETEHEM/E KL,

43 WEinE :
Table5|ZCBETE (FZEW g4 517.5mmF) . CCEIE (BH&EW L4 510.0mm
T) CDWE (FAZEY LA 52.5mmT) OFEWATICEE SR EN OSHlREE
TR Tl INLOREEHNA % Figure 41ICRT . BHEWNT &t B EETE
T, ETOT—RUTBWT, BEWICEDN -5 ¥V REIC BV TREIES
Elolz,
REYABICBVWTRIERIGELLZDIZ, £ —XELCDWE (Y i h
52.5 [mm] TFH) KBTS, ErEG06DE Y EEDEEWICHELTWAH (TP-
306CD) Thole T/2, BMIBEE R o7 TF v FANHLEIR, ¥ rED306,
408, 409IZH T NIZFAEY 7F v A (TB-306CD) T, YU RENRGEHIRESICE
TEUNETHo/, UVYREEE, ¥ 7F v A VdLBEE LI, BE3IFrEE
WMIEENYTF v ANICBWTRERESEN X L,

4.4 BH5RNREE 5 A5

Fiugre 421278 § &Y 7F v A IVAFLEA~NIZH LT, £E5FEAOPOORE LR
TR D8l /5 [R1 5347 % Figure 4.4~Figure 4.17127R L7720 SSEAIREITE (DIKFE) 12B1F ,
LHRSFHRECHEME (b — B HERELOFE L WAFEHERE) % — M
M A, ERCTEPITR L,

BEY 7S ¥ R (PointE'N) KB 25 MEESA T TRICT L
Do THBMBRICEENSERT 5, HBid¥2 X513 FVKEWECORES A
B VLS EIR L % D RESFATZR SN TB Y., /3> FUROEBAEO®
A b B LY EBWTE, £TOMFANE (BS) CHETHREE LE

Dy Ty EBMEORA Y b (Le N) BV TRETOR S CHETHRES T
Bl T3, | |
FAZET7F v AVERZEALRAS > b (Point-A"D) ® 9 5. Point A. BORZESE
OB B CUIREGREFETH LD L, Point C. DTIXIBEAEINE &
%%ho CNEHMEYCEET ZHRNADI20D T v /3 —FBEREE ORKIRFK A A Point C, D
DFEFIRA T BRdEEL NS, O THEYHHTIZEHRS > b (Point-
A'D) EBICEEICRESER L, HEWARBIIBWTY -2 25, HEMHIO
WAHMEES AOHEE, P L0V TFx Y ANVERESE 24T TF v 2 Ak
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Fxk AV ARHRBEREODE S —H LTS, $2bb, #— I ARKAEWHD
REBIMMEETR TR, R—F ANTRNLEEORERIIKE LEEL X

T, THRENZERE S  hoTwa EEZ NS, BEY TR CIIESAOLER
BIROFARE DRAICIVEEOETIERLONE ., X OREITHIG L TEORSE
BHmE F cCiRE LA T 5,

ARE A — 2 OPoint C (BEERF B2 HORE) BLUH BEY 7F v AL
DE) OEMBFRSFICFH LT, e—7—VY O ORMBLEAGENEEICL > TRZ
ZEETFHIERE EFAE ATl L s TERIET A LICL o THEB L BRZZENT
MLFigure 4.18, 4.19127R9

AT, = 0
W.-Cp
O BH=E (W)

W: HE#HE (kys)
Cp: H# (kgK)

IhHOEPL, HEEBARE &CEF oM ORI e — & BT IEREE .
BRRA—THBT bbb, $/o. RELL LTCDHE (z=-25[mm]) 28BS
RAL v e (BHEYNE) BLUH (A—WEOREEY 7F v %)) . DIFTE (z=
200 [mm]) BT BHRA > M C (FAEYHRBBINEALE) 2RRL. ThoHOFHIRIC
DWT e — % M & RE ERIEOBIE % Figure 42000R L7 TORL D, REREA
R 5 OmE EFIEIX e — BT 5 Z & 8b2 b,

45 FAEWEORES

Figure 4.3127% L72Line-A. BIZiR o 728 &N EET MRS % K Wi\ Figure
4.21~Figure 4.331277F, 2B, FigureHEIZ@ AT 7-BIZHllER R L. (b)iZLine-
A, BICIBo-BRESAZR LI, F72, FHTHEIZIBIT 5 Casel, Case2, Case3DRE
FHRE (M. RELLDOFEME) 4NN, 5. —REHE. ERTRPIR
L7z ' ' |

A ZE4EI D EVTIBARKTE (z =-155.0 {mm]) Tix, £A&ENNY FUHLEIER S
REBMESHITRIN TS, TOBRBEYOFTHRTRE (OHHIRPEILL T
5T ENDD D, Line-AlZiR o 72 ACF R REE 54 D5 MZE{L % Case312 20T
Figure 4342777, Figure 4343 WHORE S zBE (W) TFHEEFODOEL
LTRLZS DT, BATHREL T AEMLWROBSII—HIETTTy b L
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7o TOEL Y., BBEFHE (z=-45[mm]) 2B % HEWE T ORESFIZT v /35—
BRSO HUMIER o TET L TWABRFRR OGN A DS, T IITBEHEE OBRTMA
DEREY % BT 5L o THROFRNCRIGAL 720 EZF 2 b b o FAEE

(z=-35~0[mm]) IZA% &BEEBOBELRIZL VELHE OREEFRE R
D, DHBIRDPEATL 5, BEYHITREY 7F v » ANVEHOBREAEIBZEMIZ
ERTREWZ LIS, BEAORESMERIIESEORL I VEH (FAEYD
IDENE) =250 IRE 2o T A, BAEEETRA TImsEt®%
SR ODIWIE (z=307.5 mm)) T CE&EMICEELEFT2—FT, SaBRIZ > P
EAKEHEANOTRAEOREI X Y KECFRIL LBEOGHBRIRE o T CEFAHS
bh b, - “

ZREE — AOCDR I BT B REDSAIZH L TATc 12 & D EHL L THEB L 724
B4 Figure 435127 T SO L D& — AXFIE—FH L. AFEHERESA IO
THHARRR e —FHINERE L2 W b d b,

46 PFAEYANIEE

CC. CDWHEIZFIEY NS OBENTEMICEHITE 5 X 512 L D ZHOBREI L
B XN TwW5h, Figure 43612CC. CDWITE IZ BT 5 HAEYHOBEEHIERE % Case3I
DWTRT, AREFRRTEBAEINYTTF Y 20 E LT, DEEAIII—FDHA
BLAYTF YR, 2) 3HEDEESNALHRT 7F v VR, 3) T v /B
KHLIFEDHEINSFTF v 2 NEH L, HERERISL, TORN3IHEDH
BEINLWEF 7F v Y AVOBREFROE 2AT L, ZOPTIRREAHRIINS
WHREEROFRIBOREFBVERISAONS, ¥YEEREEINIZE LY
TF ¥ YR VROREICRA20CBEBL ko TBI, H7F ¥ Y AVAILKE 2R
ERAREOVWTWEZ ER¥bh b,

47 bv—¥ ¥ EmMRBEOEFRGA

Figure 4.361Z7R L7z & 912, ¥ FEE3050OCCHTHE (z =-10.0 [mm]) TIX4EDHE
ARSI TEY, BEYZHIMICHEE MY REDEF D
MxRAEIEDNTED, Ko — ADPWERR % Figure 43710717 B, AR ILFugre
A1LERRWCEERTE D 2 IEE Lz, ZOFRPO DR S L9 IZTP-305CCAD T b Eim &
b, TONBIIIHFIFHESNY7F v ANICALTBY, BEYT7TF v >

ANV EEET BE 2 FOMET 7S v ¥ AVICH L2TP-305CC3I T L himHis i
I o TnhlbEEIDND, ZORBRIISHRASFREIVI— FOIRTE VA
ZEE TV ORIEITIERA I ML 5,
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51 mEimBER

REHEROBETHELHIL, BEREIIFEZHEESILARYT 7F v 2 VI
HLZEYERET, BRAATHRAOKE (BEFEEC2.5mmAM) BV TEHI S
Niz. EVEEOFHIAIIT 7F v RAVHRLICRPWEIMNBICH 225, KRt
PROUGBEOETLIEAFAVNECTE SICREFEL 220 EEIH 5, 4 TF ¥ 2N
BRKFHRBETIE, 1V 7F v A NVOKE ST b2 HEYOKFEREPIBES T
PRI ENTW5, Fig 5.1~52IC MR O—Bl 2 =¥, AERADORES 4% A
% L Fig. 52D TS5~ 10mmOMBE IO — AN R Y- BRLN, EVEIERL
TWAILRXLDRENEL o TWwWB I Ldbhb, ¥ VYERREOSMIZAIE S
NTVLWH, EXVRECSAFLBESGFELTVWLZEBFHEINE, MY
T AR TIRIAMERRORBEOBE POV 2ETRTERLTBY., #EN
DREL, MIOHEEZOHHIZL Y VA OFMRRESF LTS 2 L5T
ER\V, BL. Fig. 43710RL72E D126 01 SHAT A HEORFMIBESH %
FLTWAE T -9 03d 5, KEBRBEHERELOTIKRT—-F 22, EVED OfF
M2 BES ¢ OB FELRRE - MEET A LICL), BRREBEEETFHTA S
ENFRDOENEG, BE, IRTHREBBIT T — FEHW, EVY FILERE xyz
BEREERZCEFIMET 2 FREERL WS, BT

52 EiAFRIRES A

Figure 4.4~Figure 4.7 CRBEIZ/R L7 & 910, BEHEBOLY 75 v > 2 VL8
BRESA Tk, BEY— 7 A0 BHEMORIE CHEB S iz, Case3il B 2 HAZEYN
BB LUBROMFRES R 2 ILARKER L72d D% Figure 531K T, Thbb,
Figure 4.2I27R 8 LTV APoint A, B, C. DORFECBA S DFOX BT O FiRES
HERLIZODTH D, /2. BB KEETORELE (1 04H) oEkEz
(RMSE) ZEIFRIIR L7z, BEEIZIR o 729 MEY 7 F ¥ > R Tdh HPoint A, BTid,
FREMNTREN 2FEOH 7F % >3 (Point C, D) IZHATREIE . BHEY
D LB TI230~40mmOHE CREIW20C LR LT3, 2FBOY FF %~ 2L
(Point C,D) Tit, MEW LM TORE LRIBIX5 CRMEAS L, HEYERLY
15mm £ A S I BHICBENET LTV, S0k RRESHIZBERO LRI
R SNBERE (BK) OBBLELIOND, BREESIRCERTT2 &, MY
Fx ¥ A (Point A, B) DOFZEMN BHG 5 15~25mmE S I2B W THEIK S 248
FRON, BEOBEEDBEEFELTVWAI EEFHEINS,,
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RHRE NN -7 ZRAEICB T 2 BES OB ¥ EREEY T AEL -3 TRY
vHREBREET RV T MU AEBICE DS I L, R Y I3 E 8. 5mmT
KEITROFEIR, BHEyFL L, ERe—F—ICX D EB2EET 5, BEMIER
03mmD A7 » VABRZBERE L CTRIEL, ROV F 1 —i340% & Lo THEFHWVWTS
AEDT v N—EFED 1 BIZiE-722F0 — ¥ -V % ES35mm (T4 ¥ —%XVy
TOUGITHY) ICE- CTHESE, |

SEPFERFBRELT BV RAORERT ) - X ThH D2 EhbRBREREDE S ThH
PORKBNTT (~20W/em) OROPOMIEMERAE LTERYERLZ, oh
&Y e—F EDRNEIC L Z2RESH~OBEL L, LTOMRET,

(1) KRECNRRE—EORHET. AEHRNBL2EDRABRENBORE LB —¥

(2)

HATHBIL TERET 22, HHBIRIZE—F HACEELRNY,

BAZEY DR TFRTENICIZRESY TF » U RVERIC AR A S DB ESRNEL, 3
HeRZEEN, BEVTF v ORNVICEHL THARNWE T F v > RILBEE &R
oo BAMICIE. WOAB TR TEENEREL. HEYMRNEOREES I ZE SR
TRHAZYNROFRNBICREEELZ ST TNE 2 &b ho ., BEEE
&, 3HEHBEBE NI TF v O RIVICHE LI AREE Y > 306 DB B 5
2.5 Imm] W& (COWED ITBIFBECRETEHEIENE, LML, E2ORFS
PHRES TR EFRRDAN TEBER LR D ENEET 2REND D, 5%
DRBRICBVTE—F A REBLORBEFEEALERREERL. B A
GURETORMERIBETS & L blc, A—AROKRBIRED & OIS
ROTEH» 5 TS 5., |

BT F v P RIVRREQEH RS TIRRESRENSEEY NI TR, HE
YT EAIOBAEYINEE THEE N, CEHERBRRIC BT 2 BRRORE
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Tablel Design Specification of Test Rig

Item DFBR Test Rig

ENE 8.5mm «
Diameter of Pin
vek 3,135mm 1,650mm -
Length of Pin '
U HBES 1,000mm 650mm
Heated Length (Active Core)
FHRETAHRE N 422W/cm 402W/cm
Max. Heat Flux BATIPLAED
HROM Chopped Cosine Flat
Heat Flux Shape
Y 217 37
Number of Pins
WRELE A 9.65mm «—
T4 vAR—HHEE 1.lmm —
Diameter of Wire Spacer '
A AR—PEEE v F 200mm —
Wrapping Pich of Wire Spacer
FERAE SS « PNC1520 Steel SUS316
Material of Main Part
EREEYR _ - 35mm
Length of Blockage | . |
PREEMIR T | - 0.3mm
Diameter of Particle of Blockage
YR 74 - 40%
Porosity of Blockage
PREAE - SUS304
Material of Blockage
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Table2 Design Condition of Test Rig

Design Temperature

Design Pres_sure

b—FE GRHERE)

6507C CERHARD)

8kg/ csz

RBAZSREY B 625C 6kg/cm®G (625CH)
8kg/cm*G (BHEES)
enE BE625T 2keg/cm®G
Table3 Experimental Condition
& £61K RERE ERERE
BHH E&EHS RAFLE AR
[W/cm] kW] [I/min] °C]
Casel 60 144 430 300
Case? 120 287 430 300
Case3 180 433 430 300
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Table4d Measured Data of Experiment Condition

=& =K FlEE HERE HERAED | JHEF0E Re
#ih TEHAN | ARE AR - BEIREE
WIOS00 | FIAOS0 | TW-202AA TIA156
(312ch) | (290ch) (lel) (281ch)
[W/cm] (kW] [1/min] [°cl f°cl [(m/s]
Casel 60 142 434 297.8 314.2 6.69 55600
(14%) (14 * (93%)
Case2 120 284 431 299.4 - 333.2 6.65 55200
(28%) | (289)% (93%)
Case3d 180 427 433 308.5 360.4 6.68 55500
(43%) (434)* (93%)

* 2 & — P URERO Y — RERC K ARG EIE T SRiOESHS




JNC TN9400 2000-025

Table5 Measured Temperature Data in the Porous Blockage

Channel No. Sensor Name | Casel Case2 Case3
Heater Power [kW] 312 WI0S00 142 (60W/cm) 284 (120W/cm) 427 (180W /cm)
Flow Rate [1/min] 290 FIAQS50 434 431 433
Inlet Temperature [C] 1 TW-202AA 297.8 299.4 308.5

' T[C] ATI[C) TI[T] AT[T] TIT] AT{C]
CB 45 . TP-307CB 312.9 15.2 330.3 30.9 355.1 46.6
(-17.5 [mm]) 44 TB-306CE | 309.8 12.0 323.5 242 344.3 35.8
43 TB-305CB 307.5 9.7 318.9 19.6 337.8 29.3
46 TB-307CB 307.2 9.5 318.5 19.2 337.2_ 28.7
47 TB-409CB 305.6 7.8 315.2 15.8 332.2 23.7
cC 60 ‘TS-305CC4 319.1 213 3427 43.3 373.0 64.5
(-10.0 [mmD) 63 TP-306CC 318.8 21.0 342.0 42.6 372.0 63.5
59 TS-305CC3 316.9 18.2 338.2 38.8 366.9 58.4

65 TP-307CC |. 316.8 18.0 338.1 388 366.5 58.0
70 TP-409CC 315.6 17.8 335.1 35.7 361.3 b2.8
64 TB-306CC 3124 14.6 328.6 26.2 3519 43.4
58 TS-306CC2 3124 14.6 3285 29.2 351.8 43.3
72 TP-410CC 311.6 13.8 327.1 279 349.9 41.4
57 TS-305CC1 3116 13.7 327.0 27.6 349.7 41.2
61 TB-305CC 31L.3 13.5 326.8 274 349.7 41.2
66 - TB-307CC 309.7 11.9 323.9 245 345.5 37.0
71 ~ TB-409CC 308.0 10.3 320.4 21.1 339.9 31.4
73 TB-410CC 307.8 10.0 319.3 20,0 -337.7 206.3
CD 91 TP-306CD 322.7 24.9 349.8 50.4 384.0 75.5
(-2.5 [mum]} 93 . “TP-307CD 320.2 22.4 345.1 45.7 377.4 68.9
92 TB-306CD 3175 19.8 339.6 40.2 368.8 60.4
98 © TP-409CD 317.3 19.6 338.6 39.2 366.5 58.0
94 “TB-307CD 314.5 16.7 333.6 34.2 360.3 51.8
100 T TP-410CD 313.8 16.1 331.7 32.3 356.4 47.9
90 " TB-305CD 3123 14,6 328.8 29.4 362.5 441
985 TB-409CD 310.7 12.9 3254 26.0 346.9 38.5
101 TB-410CD 308.7 11.0 321.4 22.0 340.8 32.3
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|
Electrode Junction Box f
Na Outlet
Safety Vessel o
DG (70.0mm) A A
DEF (50.0mm) EA (600.0mm
DE (35.0mm) =
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DC (15.0mm) | W
DB (5.0mm) DJ (307.5mm) | v o
DA (1.0mm) DI (200.0mm) || %A
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Figure 2.1 Schematic of Experimental Apparatus

Na Inlet

Test Section
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Fiugre 2.2  Blockage Position in Cross Section of Test Section
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L] ¥
Blockage J e et wioe
PR " 3y
- —nt T
AN, ]
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W 4
1] :.
i)
1

Figure 2.3  Schematic of Blockage Position of Test Section -
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Figure 2.4  Flow Diagram of Core Component Test Loop
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Figure 4.1 Thermocouple Arrangement in the Porous Blockage
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Point A Rlockage Region
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Vertical Temperature Distribution at Point B (through Blockage Region)
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Vertical Temperature Distribution at Point D (through Blockage Region)
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Vertical Temperature Distribution at Point F
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Vertical Temperature Distribution at Point J
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Vertical Temperature Distribution at Point L
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Vertical Temperature Distribution at Point N
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Thermocouple Positions along the Reference Line at BA Level
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Thermocouple Positions along the Reference Line at CD Level
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Thermocouple Positions along the Reference Line at DC Level
—— 48 —



JNC TN9400 2000-025

100 Wrapper Wall Line-A (DC:z=15.0 [Inm]) Wrapper Wall
] I | B e L e B A B S B ¢ B L
| Blockage o Casel
—_ < > s Case2
& o (ase3
= 80 r .
L
= .
g 3 . o 7
& 60 ° | -
I L J
o
:‘2’ i .
=40 r 4 -
w i
4.3 o o <
g,
. =] A a .
ug) 20 R N ~ - R I i mrmsman e e
H O...4a £]
O 1 i 1 1 1 1 1 1
-40 -30 -20 -10 0 10 20 30 40
Position [mmj}
jo0 poegperwa  LineBMC:z=150[mml) __ wrapper wa
I _ Blockage o Casel -
—_ B g a Case2
L I o Case3
= 80 |
'-g;?‘ H
=
g 1
o 60 1 o
© I
§ o
g I
3 40 A
S o A o Q
= o 2
: | )
g 20 Heem-= —————a T Y PP AP
k¥ a
= S o ju} g
0 i 1 L PR N | 1 1
-40 -30 -20 -10 0 10 20 30 40

Position [mm]

Figure 4.27(b)
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Thermocouple Positions along the Reference Line at DF Level
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Thermocouple Positions along the Reference Line at DI Level
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Thermocouple Positions along the Reference Line at DJ Level
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