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Evaluation on Thermo Hydraulics in Core Fuel Subassemblies
under Natural Circulation Conditions

—Effect of Heat Removal through a Wrapper Tube Wall—
N. Kawamata*, H. Kamide*

Abstract

A large-scale core fuel subassembly in a real reactor was analyzed under the conditions
including natural circulation in order fo evaluate thermo hydraulics where it was cooled by
inter-wrapper flow or heat transfer among the subassemblies. The core fuel subassembly of a
217-pin bundle was analyzed by using a three-dimensional thermal-hydraulic analysis code,
AQUA. The analysis method is the combination of staggered half-pin mesh arrangement and
correlations of axial flow resistance, the former approach assigning a control volume to a subchannel
surrounded by three fuel pins and the latter one developed for subchannel analysis codes. This
method has been validated, based on experimental data on the 37, 61 and 169-pin bundles, including
the conditions of sidewall cooling. After implementing the prediction analysis, the following
conclusions were obtained:

(1) Even if the 217-pin subassembly is cooled through a wrapper tube wall, the peak
temperature in the subassembly decreases. A decreasing trend of temperature, including the
effects of power / flow rate conditions, can be correlated with buoyancy parameter, Gr*/Re, and
heat flux ratio of wrapper wall to pin surface, q"waiypin -

(2) The horizontal temperature' distribution in the subassembly varies, dependent on the power /
flow rate and heat removal. The peaking factor, the ratio of peak temperature to
cross-sectional average temperature, can be evaluated by using buoyancy parameter Gr*/Re,
and q"wapio considering the dependency on power / flow rate. On the other hand, the
temperature near the wrapper tube wall is represented by a wall subchannel factor. It is
correlated with q"wanpin , by grouping the buoyancy parameters.

(3) Comparison with the past sodium experimental results, the 217-pin large bundle has higher
peaking factors and lower wall subchannel factors than 37-pin bundles.

(4) To see an influence of non-homogeneous cooling in axial direction, only the upper-half of
subassembly is cooled. As a result, it was found that peaking factors and wall subchannel
factors could be correlated with average heat flux on the wrapper wall.

_* New Technology Development Group, Advanced Technology Division,
O-arai Engineering Center , JNC



JNC TN9400 2001-126

B X
1 ﬁ ﬁ_ﬁ .............................................................. 1
2 @*ﬁ%iﬁ ............................................................ 3
3 ﬁ*ﬁ;ﬁ;;ﬁ ............................................................ 5
4 ﬁgﬂﬁ%ﬁ; ............................................................ 6
5 ﬁﬁ%% ............................................................ 7
5. 1 %éwmmﬁgﬁﬁ\ J‘&‘?fgﬁ;ﬁi .................................... 7
5. 2 %%{*W%Ef&gwﬁ? .......................................... 8
5_ 3 E-—;‘:yﬁj:?bﬁ._- ............................................ 9
5. 4 E%_-ﬂ-‘j'a’—..\af/j{)]/‘j-?pg_— .................................... 10
6. %%Zﬁﬁ . ﬁ%‘;j- .......................................................... 13
6. 1 %ﬁﬁ%ﬁ%t@tb?} .............................................. 13
6. 2 I}%?&%ﬁ:@%g ................................................ 14
7 i &-_&b .............................................................. 15
% ﬁ .................................................................. 16
%—E%Kﬁ ................................................................ 17

—iil —



JNC TN9400 2001-126

Table 3.1
Table 4.1
Tabhle 5.1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

1 O N CH G G0 GO GO GO BD D BRI B BD
v e s e e ey e e e e e

oW E'J‘l [ a2 ]
. M M v

e ek s 0T R QD B e O e G DN R

W G B e

Sk St bk ek e
»

.10
L1
12
.13

._iv_

£ UAb
21 721;%*4%%@@%% ........................................ 19
ﬁ;ﬁ%ﬁ:_%ﬁ .................................................. 20
E\ki%@ﬁtﬁ ...................... R R 21
K UXk
EEFEDBEIREITR  c-rorrrerreeraeetiteitiiiai it 29
CCTL-CFRH%WHH&@ .......................................... 23
CCTL-CFREEEMR LB L U RIFE I BT DIBEMFOHE - 24
CCTL-CRREF I UV REOABICKSEEAAOLE  --orereeeee e 25
ﬂ(iﬁwfﬁﬁfﬁﬁ?ﬁw ]\ SIN—2Z '—j’f D R R R R 26
RALBBICBIBIF L RRAEICEDRESTORE: v 27
217N F)I/AQUAII“‘ F‘ﬁ;ﬁ:&aﬂ)b ........................ 28
A w :‘/3_5}%1“2] ................................................ 29
%ﬁ'%@%ﬁﬁﬂjﬁﬁﬁ ........................................ 10
[{%ﬁa%@gﬁgﬁﬁ .............................................. 21
éﬁ.ﬁﬁfﬁﬁ@{ yj’.;, RF—& e e 32
FERESMORERBEENE (q'wall=0.0, Vin=0.1n/s, I=26) -+ 33
BRbBEsfMoREBKENE (¢"vall=0.0, Vin=0.In/s, 1=26) 34
FES M OREABKEN (@' wall=0.0, Vin=0.1mn/s, I=26) ~---------- 35
W L EE 040 0 A O F ik
(q"wall=0.0 , q"pin=14.85KW/mi , Bfi#IZ=26) ----------- EERREETER 36
FASLIBES O A O &SN
(@"wall=0.0 , q"pin=14.85kW/rd , WFEIZ=26) =----vreveveeeeenns 37
A HOA O EEEE
(Q"wall=0.0 , q"pin=14.85kW/md , Z=26) ctvevevvvernrncnnnannnn. 38
BIEiEE 2 OBRARKEN
(q"pin=14. 85kW/r , Vin=0.1m/s , I=26) =cececerereremeeneaaans 39
B LEES M ORABKEYE
(Q"pin=14.85kW/mi , Vin=0.1m/s , Z1=26) «-ecvrevvrenerineaiiens 40
HESHOBRABRKEE (" pin=14. 85k¥/m, Vin=0.1n/s, I=26) - 41
WHERESHORAREKEYE (Q"wall=-10kW/m, Vin=0.1n/s, I=26) -- 42
BH{LBEESfMORRBEFE (@"wall=-10kW/rd, Vin=0. 1n/s, Z=26) - 43
RESHORMKBEEN (¢ vall=-10k¥/m, Vin=0.1n/s, Z=26) 44
W R B 70 OO A O sk 24
(@"pin=14. 85kW/md, q"wall=—10KkW/mri , I=26) cr-vvverrvrrececnnns 45



JNC TN9400 2001-126

Fig. 5.1.14 RBBESHOADRFEEKFE

(q"pin=14. 85kW/rd, q"wall=-10kW/mi , I=26) r-reerecerrevereeeees 46
Fig. 5.1.15 FESAOAOREETFE

(q"pin=14.85KkW/mi , ¢ wall=—10kW/mi , Z=26) --c-evrcevermereess 47
Fig. 5.2.1 EESBEOBREARIIEKEE (BAR o pin= 7.43kW/m)  ---ro--- 48
Fig. 5.2.2 BHREOREAFKREEE (BHE pin=14.85k¥/nmd - 49
Fig. 5.2.3 EERECEEMARHEILEFE GRR pin=20. TIkW/m) - 50
Fig. 5.2.4 ®HRIBEOEEARFILERFE

_?¥jjj\°5)(_5®§03l:ckétt?)é_. ............................ 51
Fig. 5.3.1 BE—F>TI77750BINTA—FE&FE

(BB#E Q" wall=0.0 KW/I)  cvreerrresersnrnmennnamaanaaionns 59
Fig. 5.3.2 E—F> V770 5DBNNITA-FHKEE

(%?&% Q”Diﬂ'—'l‘i. 85kW/IIf) .................................... 53
Fig. 5.3.3 E—=F>F U7 5ORHNNTA-FEKFHE

(BB q"wall=—5KW/TIT)  reeveerrenrmrmenrmmmimereatnnarrneans 54
Fig. 5.3.4 E—F>FI77050OBNNTA—FEE

(BB Q" wall=—10KW/I)  ror-erererrromrnmmrneiciioneneanenns 55
Fig. 5.3.5 E—F2F7 777 5DENNTA—FKEE

(Kﬂfﬁ:‘lﬁ Vin=0. 1m/§)  sverceecerrromenesssrsnaatiiiaeurae, 56
Fig. 5.3.6 E—F>FT77050BNNTA-FEFE

J— %ﬁ?&ﬁﬁtt@ﬁhl:&%tb%’é e ae s s ssasasasatsssssermanssecs 57
Fig. 5.3.7 E—F>¥ 7775 ORFHRILEEE (ADWE Vin=0.1n/s)  ------ 58
Fig. 5.3.8 E—F>7 777 OBmBKRILKEFE

(%a% q"pin=14. 851{W/Iﬁ) .................................... 50
Fig. 5.3.9 ©—F V7705 OREAFRKLEKEFE ‘

—ﬁj]!‘ﬁ)(-—ﬁ@a‘&?m::tétt?%— ............................ 60
Fig. 5.4.1 BEYTFo o RNT7IIDRHINT A-FEEHE '

(BB wall=0.0 KW/m) c-crerrveemrmrernnneinaen e 61
Fig. 5.4.2 BEYTFx > RNT 72 ¥DBEANT A—FIKENR
. (%ﬁ{% q"pin=14. 851{W/Iﬂ) ...................................... 62
Fig. 5.4.3 BEUTF v RN T 77 FDORNINT A—FIKEE

(BRELE q wall=—5KW/m)  cvvevrrrmrmmeiniiiina e 63
Fig. 5.4.4 BYITFv RN T 7O ¥OERNNT A—FEKFE

(B2 @ walls~10KW/I)  wrovrrerrmrmrroestosorantianeaaaannes 64
Fig. 5.4.5 BEUTFv X NT 7o 5OBANT A—FikEHE

(Kuﬁﬁ Viﬂ=0. ]l]'l/S) .......................................... 65
Fig. 5.4.6 BEYTFxxNT7775DBNNTA—5E&KEH

— BEREBREEOENICEAHE — e 66
Fig. 5.4.7 BEYTF¥ o3I 7705 QREMBATRILEKEE

(ATAFEE Vin=0. 1m/s)  c-revrrereorrrtasraesanntananannceionnnes 67



JNC TN9400 2001-126

Fig. 5.4.8 BEYTFv >R 7T 705 OREEMARHILEKEFSE

(FEE q pin=14. 85KW/mrd)  evvvervverrranneenieiiiann,

Fig. 5.4.9 BYTF vy XN T7 705 OBREHRFERLEFE

— BARTA—FOBNCEDHEE — oo EEETRTTPPRS

Fig. 6.1.1 VE—F>FT772¥DFENITA-FKEHE

(Iiﬁ%iﬁ;ﬁ q"wa“ = 0.0 kW/IIf) ...........................
Fig. 6.1.2 EBEYTF v RZNT 70 IDFANT A—FEESE

(B}%g&% q”wa”: 0.0 kW/m’) ...........................
Fig. 6.1.3 E—F2VT77050OFINTA-YEKEHE

— 3THEENRIRBEREORE —  --correeee
Fig. 6.1.4 BYITFv RN T7I¥DENNS XA —FEEH

— 3THFENRNEBRERL OB —  cevverernrne
Fig. 6.2.1 WMERESHORASZYKENE

(q"pin=14. 85kW/mi , Vin=0.1m/s , I=26)  -ccs-vreovecsns
Fig. 6.2.2 BB BRESHTORASLERELE

(q"pin=14. 85kW/nd , Vin=0.1m/s , I=26)  --vveerevveeees

Fig. 6.2.3 E—F2T7T77750OFNNTA-FEFHE

—_ ﬂ%?&%#@ﬁhi:&%tﬁ@f . M sat ettt strasri st

Fig. 6.2.

L=

E-F 077 05 OBREAGUR Lk FY

— Bﬁ@%#@ﬁ“;:‘;é&ﬁ —— teararesrsssarasescaans

Fig. 6.2.5 BEYTFrRNT7IF0ORNNTA-FEkEHRE

— B}%%%#@Eh{:;%ﬁﬁ B N T R T T I s

Fig. 6.2.6 EEYTF¥2N7705OBREARKRLKTYE

— BRESHOERNCEBEE — e

Fig. 6.2.7 EHREOREHMAFRILEFE

— BEEGEODENI LB — i



JNC TN9400 2001-126

1. FFm

HRABEIC L HBBHEBRETF N Y ARHEERFOREEZEN T, TOREREX
DHEEBE LD TEAREEABEO—DELTHABTHSNS. Tiabs, WHNO
BEOEEEEABALVFACENI EASBRBLERSOBESZ (BES) LEE
EEFOBESICLVBAMER TE0NBREOESEHFHE TICERS Y. BRE
A & B ESAHER CORAE I AR TENEFLERATH I ENTES.

FO—F THARABEHICIERRE L RENORESTAHERERLED LM oE
MRESER2T588055. HIHBARERE L TEEFLHBWHAIR (Direct
Reactor Auxiliary Cooling System, DRACS) Z# A L=B& I ELBOE LICHHlE

(Dipped Heat Exchanger, DHX) #E@Eh3 & (Fig. 1.1Z8) »5 DHX o5 DE
BF MU TALEEOFELHEOMTADENIC L AARBNEEEANELEFS. BF
EFH%E (3% © DFBRILL European Fast Reactorls: 3l7z & EDBEFOREHIT
3% <A Z® DRACS AL THD. ﬁJL‘)ﬁKLiaﬁ'éﬂﬁ‘ﬁh}ﬁ%@ﬁ%i)‘Eﬁfﬁ%ﬂ?@
ZeHOFEZTI LTEELES TS,

COESREABEROESE LT DHX 25 0EET MU U LANFLOREERSERE
OREERICA DABK T B > —F w/%— 70— (Inter-Wrapper Flow, IWF) 3.0
WOREIAERFEEEABDIEMASEATN TS, Z0M, FLBORFHOR
ENTICEDESEEBYI LS CRNBEINIEAHRRABTOFENRERDL
EZbNhs,

IWF IZDWTiE. ZhETI 7 HEOEREFLE%E T 5 PLANDTL-DEX #BkEz AL
EFRUTARBEERL. TOESEMAL TER. [4-16] Tixbs. IWF RERER
BORLEGRESZEN T HREEL. BYEAKES v A E2BL TR, 5BA
FTEOENTES, e, ZOLSBPRBIEHOSARBRBARIRED X S in8EE
EHIREIEN D TR, A7 TLABROBERICBEORRICTS TS LWL
LnLiahis, RERER CIHEEREEAGE L TR VRRETREL BTEREET
MELTHED., 217 20 271 EREADERBESHEORIETFTNVERNTNS. T
DS IBY L ELEAETIR. BB ORICHL THMNIZT yA—EOBRENKE
<720, IWF O SsMiIM S ORHPENESEORTICLVKERREESFADLES
Z5N5. o TEBEAGTORABRIIODVWTRHATILEND S,

—%. EAKEABTEAICDWTS, CCTL-CFR #E%#%E,. PLANDTL-DHX B
BERVETF P YARRICE DVESANROARHRKITSASBEEHEALTEL.0B,
17-24) EEANOBESTIIESEBMBITICLS I v/ \—FREBUARIICLD
K ELBHTBZENREINE. BESTOLLIZESENOH ). REFBICKETS
Liic, BIELS ORAROKZICKETS. TOREEETRELLT. KREFAOD
EAOHMHBRIERTREANT A, EVERRRRICHTE I v /N —ERETOR
WHROLZEAL, TOHEMEEZRLTER.



JNC TN9400 2001-126

T, TORIRERFRNBRESTORLEFEMT 2FHELE L T, Cartesian BIERICT
EEBRNOYTFX R NE—DDAY L alt L DRBET A v H—RN—TES Ay
aRBIFHELEEEREMT L TAy 2 a R L ENMORRZEEZE T 5EERT
TNERAEDELHEESHRBENTFEEER L. £44NEESHOFMETIE. v
F v R NVBHFEOIDIOKE MIT THES NV TF v > RIVEREHEOFMERZ
BAL, IhZBEBATLERLE, AFESEASREBTZ2ZUE4ERNEE 2T
RETTFHTED I L2 EBLIVBERRT —FICKORIELE, i, BEECED
BEIIDWT, TEG5E3TEHER. 3£864 61 EOERAR B—E8KES 5 169
EVRBRT—ICE0. SAAREEMMERTLE. THICED, KEESATRE
BEHRCODTHEBATESZEEHLOMLE,

LREOL S ITHRE I NZEREAEENET NV ERAW, ERERORMRESEICS
THERBROARHRKZTFEANMI S &1L, ERTRESNEN > AER
HESHRTONEP SBAINEBESORBREOELHZITET 5, Jhizk DR
DAEBMBREERIIONT, IWF B350IEESARRABITICLOBHSNBSOERE
BEEBDREERNICHET 3.



JNC TN9400 2001-126

2. fRiTFEE

CHNET. EABNAREESCEAKNABTRESEENT 5 FiEE U THA 3 AT
BT O — RAQUAREIREL. 7EAH#TE HRAR. 3£AH6IE VRER, E—Ka
BRI VERRE EDT—F EEN L TRIEL TER. AQUAT— FOBRELE
FINLDEZFZLTICRT .

(1) Awasdl

AQUAT— RTIL. £AHENROEYTF v p)E, 1EQIY bO—bR)a—Ae
L. Xx-V-2BBOHTAY L aRETS, ZOXIEAyIanEER. FaTblNe
X 51z Staggaered Half-pin Mesh Arrangement&IFiEh., ZEoikE AW TENIT 2 LTHAR
EETHD. FEEEFRAVDHI LD, Ba0al ba—LRY 2 -5 3EOMELE Y
Kﬁihkﬁﬁﬁ7?v>$wmlﬁlﬁmb\ﬁj?v>$wﬁﬁfﬁm5hfétmﬁ
FIGEREZEOHERE SATRNCERERTH I ENTES, REL. 2EOREES
LSy N—ETEENEEY T F v RN Ty N EOAITHLLST — =T Fr
FIONTR. 3KEEETOaY o=l a—AL 1M LB LAEN. TOXD
FRIEANE. BEY T F v 2L & LT OREHBEHN KT RO 3k flloal Fr—ib
R a—LICHERZHEAL TS,

(2) Permeability33 & UfPorosity

a2 hO—LRY 2— LAROEROREERIL. BEEOEDEERIETNE<ZST
N3, TOkH. HREOKRIFHNEOERIC DV TidPermeability. FEEDEFRIZONWTIA
Porosity & VWO ESEWMOANTHEL TWS. i (2) 75161 (D Permeability 33 & U'Porosity
WCOWTIREERA v 2 BETORKEROFSZERANTNS., EROE N RIVTRERA
Y TF v 2 RIVITHARES TF ¢ D RIVORBERARE L, FheTno &, HBEH
Wi DD RRBIVNINI ERTZICRBEND, £, 8 (x-y) TR
Permeabilitylz DWW TR A v ¥ 2 BROBEH ORI TN T HEROFEORS DZERNWT
W5,

(3) EFMGREHETHRE

AR BESEFEKIcDOWTE., MITOHERY, 74 P—AR—FF& 3ARHIE N
S ERICH L TR EEENEN L, JhaRELE. MITOMERE. RETTF
IR EBYTF v >R, A—F—HFTF % PRNT, ENTHREHEABERS
NTHY. Permeability: ARICEH TF v > FINF A1 TEICEARREHERAREXH LT
Ez2TwW5, £i-. MITORER TR, E2&. By F. 71 V£, BEYYTF. B
AEEY ES 9 N—E L OREIOEENE, ReEEFEEERTEDIRITLE2TVD,



JNC TNS400 2001-126

(4) HT7F ¥ 2 XIVHEIRE OFE

SKEBFTIE, EASHILCEFROY DA 70—13RHTHEZINS. LML, 2
NPTV —DHRPAMECGODLIBRRIZIA Y I 1 NBORETH 575, Bizidxz
BEhiaWh, 2IT, 9 7F v YRIVEREOFEICOVT, MITASABEATHWE T
Fo 2 RNBRRAOIFL OV FEETF N EAQUAT— RICHAAALTERL TWS, MIT
OEFIN TR, BEESENOERSSREUTO 2ERASICHELTNS,

DAR—T A T —DsweepB L VEFIC L BFHE
AN—HI 1Y —AFHET S HEERB L VLRI X 5 K EEADESHE

@NNFLIC & Bthermal plumeDEATIR |
AL DBEE > EBED 535 OIESplumedt s F., BiBFHANR S 2o THES T
F¥ RN NBREIND LKV ELBKERHROESSHE

Rizs BT F v 2RNBHARORA v 2 2 BOBBEFEISHL T, $7F v 3B REE
HLENBWIERERT EEEBETH/200HRKHBAL TN S,

(5) INETOMELREFEH

INETORIAHEREHZE. CCTL-CFRTD6 1 ¥ &%, BXTA 16 9 EoRats
SEIZDOWTHYTIRRT.

DCCTL-CFRT® 6 1 ¥ 467 [25]

CCTL-CFREBAHFZ DMK £ Fig. 2.1IC7 7. FRABEIT, XFIL-3EE5E (611
IRV, 19BN R 264 LAIERHATEK, EHTSL A BLUTFEHS
VLM HREEANT MO AE2SRETIERETICLOEBRIN TN,

AN LREB IR RIFEICBIT 2RESTORITEEREE. BBRERELHELT
Fig. 2212719, BHB EHHOBESMIZOWTIEL. SF 20/ REERAVWENEETST
NWDFHR, EREO—BHEIFTE S, LALENS. 6 1 EESENEREEELH
MENRELDEICEB TS L, IF L V/BREREVOETINOANEL KL TWS,
RALPREE TR, I3 7BEE2AVETFIIN K0EREDBFR—FETRL
Thd, BRRERTRIF S 2 7HEECLBRICTHET 2EAND 2, IF2 04
REETNZBATEIEICED, BESMIHTIBRIBEOR EAR SN,

IFLURRETNORECLDIEENHOE N £Fg. 231077, BEAHIL. 3%
DOTRBEERALEET NV TRETHEL T0ER, BEAMICHLTREFLOA
EIZ LB EZDAEN,



JNC TN9400 2001-126

@16 9 ComssmEats 24

HEBRAL. Fig. 24IZR7TRIIT.UA TEXEBREIY 216 9EMSRSTHED.
b—F—F21 2% REMNESBVI56K, FI-E102ETHERINTND.
E—F -] 2EXRBINTVSY,. SEREOHKNS., —EITN#TESED
FHEIITEETTH S,

REMENG RS, RRERE B Thg 25IKRY. BESHIR. Fg 24077
RSN—Z54 Do bDTH 5, Fig 25056805 L 31, IFLUTREET
WAEBALFENEENARERZA<ERLTSEY. IF O /RRETNVEZERL
BROESIELTWEEREEASEOBAEMMEN SN, FEFAOTIL1 /Y
ZEA2,500~55,000DEHEICH > TRBEREZB<BRTES I &R TER.

3. EthiikR

0 ETRUAETERE AL, ABFORS TREHINTL RS DV THEEHT
5, ETHRIT. Table 3. LICRT 2 1 7REVBRBEAKT. E2EMRSmm. v/ \—F
A E B RS 144.5mm. REMEINImDO L TIRT S v b EERAREFTUER24m
DERTH S,

(1) Aviap¥EH

Aw a2 ERE. Fg 3.1. B&UFg 321077 SHEATH. KREFOBRBIUEK
RAEBEOREED S, CRRTIBOMKIEEEEL. 12K EHEERTERE LIZETIVE
BWRLE.

(2) EFmbARm

HEEEOEBARBANER. Fg 33ICRT XS REEHFORBOMHEL.

(3) Tu/—ENEAOEIREH

5w IN—EHEM 5 DR E T 570 320 R T REAOQDICRDAITRESFX
BrEicLi, ZDEE, Ty N—ENEAOBRERE A v > 2 OBRICHE > TRDS &,

GEEEAERLOKREL LD, RABBKELRD, ZOkD, KoxOS5ICUTEHLE
e %. EEQOEHRKICETT, BTOCREENEROGREFICRS XS ITHELE.

0.0844375X3 = 0.0844375 + 0.0844375 + 0.1445 X @
(EMORERE) FEOOEE) (ZEQOEE) (XEDQORI)




JNC TN9400 2001-126

¢ = 0.5843425

- X=1,18 D EMEH
(0.005394X2.4 / 36)X «

(HEFEOZETED

* X=2~17DFEEE
(0.008357%2.4 / 36)X «a
(BEm R OEERD

0.00021013 (1ri)

[}

0.00032556 (i)

L EDFETRDEEEHREZRN, 17y bF—¥%, Fig. 34& L7, /2. AAEmEHH
5ORREE, Fig 3512 FRTEIIC. BFHEREHVWTREL .

4. &L

B AR OSREBREE ST, AQUAT— ROVER72 26] 2@ Tsmiis £
Uz BHTEMIS. SEEEBN. 743, 14.85 , 2971 kw/m (GEEAER1LOmOEHEFER) D&%
FFICHLT, ENTH, Iy N—EAERRE (GREE) . AOWEEE. NSA M w Iz
BATHRMLUE. 14.85 kW/OBEHRBEHD15% T, 0.1 msAERRBO2%ICHLT 3,
o, FEHOBRTIE, Zy/—BOAERANRICBRAINGEFKELT. 250ET (Z=
1~36) ICEOHERKEE Lz, EROBEETIE. £A60LESITHITIREMNEE S
BIEMBIONG, ZORD. EEEDOL¥ES (2=19~36) ODAHDRAZBEL D
kL Tz,

PR RIF—ERE, Table 41TFRT. 28, BRABRNKE S TARFEINNI NWEHETIE,
NaiREEABOOCEM A 2. i, BB NI THRARIIAEVNSEAETIE. NaBENRAD
BE (450C) BT, $250NEBAOEEICGENERESRYD, RERBENERIZA 2, &
D=, INSORGE. —BENSBRILE.

EMCERALEERETIILROED TH 5,

- BETTI : fERHLA W ( ITURKE = 0 )

< EHREE : SEeBafRE ( ISYMCH = 3)

s IRIVF—HE : seefafEs: (IFITEN = 3 )

- EEEN TR : 1 XkEEZESE (IFMMO = 1)

c TFRNF-AMWE S : 1K@ EZE5 ([FMEN = 1)



JNC TN9400 2001-126

5. FRIEER

BRI OWTIR. BEMMTOHESHOM. AERERORENHERTE—F> T

7705“(&)‘%ﬁ?%%ﬁj?v>$W7?05—(wﬁE‘ﬁﬁﬁﬁiﬁ(fwﬂ
Q"pin) + BHNRT A= (Gr*/ Re) HEOEKTETEREL, MATEPE/NTA—FOD
SZA Table 5.0IC7T. BEREBRETIICRLUTHBLAWEIT. RerRRN LN
(Z=26DE =) D. X=10T. Y=1~18D/— R (Fig. 3.12H) THB. BANTA-F%
BHF 35S OBRF—F 1. Table 5.1 KFRT XS, BEEORFRARIIDVTRLETT
53y FEROELOME L, AQBERSOEEIZ450°COMICERE L TRERHLZ.

5. 1 #£&846R0EBESN. EESN

HEENORESRES, BEMMEEESNTEELERE, Fg 5.1.1~Fig. 5.1.15
{ZRT

(1) BERWES

(RABOZE) _

Sy R—ENEEH S OBRANNBEOBEMAERARDEVWTRTHS &,
Fig. 5.L1ICRTE S0, £EGFLBLAFFLOREZIDIV. ARLRETRTHS
&, Fig. 51210 RT LS. BRENASVWIEEFEIZE->TWD, k. RESLGETO
REAGERTABE, Fe SI3CRTELSIC, FABTIE. SRAELL. BERLARE
o TBEN, ADFRERSLVICEMND ST, RARPKEVZERENPPREL
BoTb, Zhid. RABNKEVWEESHEREREL., REMEEBRL TR L,
BRCBHIC LD RLBOBEESOFEINEML THWE 2D TH 5. ZOREIROEIL
2. EOEBLREATHICBNTRRABORENS —AZEFHLZ->ERATH 3,

(ACHEOEE)

5w N—ENEED S OBRSENBVESOREMFEZAORECDEVWTRATAHS L,
Fig. S.L4CTRT X310, HENKEVEHTIIESHEP LR LNEABEOREEPRE <,
REAVNE WRETIRBESTANEEICE> T, BRLEBEETRATA#S L, Fg 515K
FEES. BESHAFECESCKEL TLS I ENSN 3, £ BESAIZIDONT
3. Fig S5.161RTESIC, MESAEVNIEE, BT F v P RIVORENKEZ>T
W3, chid. BYTFy URVORBEFRESESHRLRE DS WD, FHEHIK
HVNEBETIE. BHCLDPREAOHBERSODEINEHINNEBYD, BYTFy
CENCEL ORBENESTETND I EITLS.

(2) BEDPHLES

EEOEE)



JNC TN9400 2001-126

Ty N—ENRTP S OBRENSHBE5OREMMERBARDENTRTAS &,
Fig. 5.17ICRTE DI, BABRNAKEVWRLETE., SEROBEETHAREL, 2HAEEE
K-> T3, £k, Zy/—ENRELOORBREAICED., F—7BELEL - TWS,
HILIBETRS &, Fg S.18ICFRT XS, TOEMMEEICEHNTWS, £z HdEn
i3, Fig. 519CRT LI, REBINEWRHETIITEHTH 5. BREBRNAEWEE
T ARTOBEETICESBEOEREAIZLD, FULEABRDODERKELR2>THS,

(REABOEE)

C Iy N—EAKREN S ORARD ZBESOEREN M ERABOBNTRTHS L,

Fig. 5.LI0ICRT L3I, BABOEWIIE->T. £8P LEEAEAREOBFEERIFTE
AEBDBRWE, RRLIBETRTAS L. Fg 51LIIKTRTEIR, BREAEBNAENE
HTIIHMEICRRBEINE K RBHEREL T, FHIZRZ->TWS, £k, HESMERT
#3 &, Fig 5.1L12IKFTESIC,. SAFTIE. SHREELL, BIEELWRH#EERZ->TL
D, BRBTEWEHTHDFg 5138 HBT 3L, FRBOMNI W —XTHEADFENE
DERZLVETLTWAZ Ebh3,

(ADOFEHEOZE)

BEAMEZAOMEOENVWTRTAS L, Fig 5113ICRTEDIZ. HEPKEVWRLET
BEAHPLEEN AR E OBREZENKEL, FENNS WS TIRBESMAERIZ -
T3, ABLRETRTHS L, Fg 5114177 X DI, BESMATEICHEE ICKE
LT EARN5, BRNZVWEMLETH BFg. 5.15&H8T53 &, BICETERETS
WAL DRBELZ->TNDE, Tk, REXHERTHS &, Fig. 5.115KKRT LI, tE
HRENVEE, REEHRASIVESTF v ORI E DRBIEZ SN TNR00S
MNB, ZH5OEMIZ. Fig. 5.14~Fig 51610 R LERESZVIES S EANICRIUTH S
A BESE. EESMEDIC. TuN—EARENSORRBICZE-> T, E&EDLEEA
AR EDENKEL 2> TS,

5. 2 HOARBRSRECKT

ESEREN S OBANC & > TRAFARSRENMETT 52 L 2RO, FRO
TR (Tp") EBNTEELE,
Tp* = (Tp - Tin ) / ( AT)

ZZT. Tp = £E6HFRNREIRE
Tin = £SEADERE
AT:Q/(D 'Cp'M)

Q = £E56RHAE
o = BE
Cp = FEEHH

M = KRR



JNC TN9400 2001-126

ERTIL L RERE (Tp*) OEEAFKRE (qwabn) KFEZ. A O#EE (Vin) O
BVWTEEL THe 521~Fg 52310787, ENEN, £RA&GORBE (Q"m) A 743,
14.85 , 29.71 kWL O&ETH 3. S TAOTESRE NS — R ETpBRENERE,
HHTRLELI. EEENORERSICH S,

Kiz. BEEAFREEFRIC D W TESKNORI ORI EZRTEANTA—F G/
Re) DEWTEBEL TS5, BHNT A—F 3. Table 5.1CEHETT6r & EReE DK (G
*Re) Thd. BRTLLEBREBEOETHRRKLKEER. Fig 524XRTXRII
F SRS EIc k< FoTBY., BANTA—FERANTISBETES I LBGD
B

5. 3 ¥—F2F770%5—

EAKHNOBAREEAHTELT. BEEELHEFOREQLTHIY~F2T 77T
y— (P TEELLEEE. Fig. 531~Fig. 5391TR7.

(1) BINSA—FEEFE

32H/3T A— (Gr*/Re) EAVWT. N/ REREHICIDBRENHNOXEBEEET D,
WEANE <, BEZ (HAH) AkEnE, BANTA-FTRRELRD, BANIKER
A TR A

(BRI NER)

5w N—ENETH SRANBVBEOY—F 2777 7 ¥ —OBRANS A-FEKEHE
ERTABE, Fg SIUFRTEIC. E—F 2T T 77 ¥ —id BANRT A-FHhI0
SHETIAELS, KEVEHETIINIVERICE> THD. BERRWESOE—F 7T
7 7 ¥ —IRRBOZENRDEL, BANT A—F TERETHIL RRBICLSTEETSE
5ENDMS,

(B#LHDIER)

Sy N—ENEENSBRANDIBEOE—F T T 75— DBINT A—FEKFHE
% BRHREBOBVWTRTARSE. Fg S32ACRTLIR, E—FV/ 7705, RER
MAZNEITIIREL 2o TNS, BANRT A—F WIS NWERETIRRBOZENASE

AN S T TN D, T RENHIEGORLBOFEERTHS L, Fig. 533K
FTESIC. BRENSKWHOSETIE. RREOBWICE > TEELENZRD 5NN
REEII0kW/MOSRE T, Fg 5340RTLDIC, BRBIWNIWEEL—F2TT77
7 —NRELBOTWS,

5 - EETORRENESANEBESRICRITTRELERARRKL, AL,



JNC TN9400 2001-126

EUERRARRICHT 25 v A —FREAREOL TEET S 2 2Ra . E—F2 77
77T —DFANT A—FEFEEE. EEARERILOBEVWTRTA% &, ARFEVin=0.1m
SDEBETIE. Fig 5350FRTEDIC. E—F 27777413, BRAFRENKENE
HTRAESRS>TWS, TOXIaHA. HREEEEEBRAINSG A—F TBETH LT,
BEHARRLICE DT —y 208 L R %2R 536I07RT. /3710, BEERFRELR
RARETHNIT. E—F 77705 -DNBENNSA—FTBETESHZ L, BRI, F—
FTT7 7 REEARREBAENEERELRDI I EBSN S,

(2) EERAANERIGAEE

(E#REBOFE)

E—F 2777 75— OEEE#RRILEFELZ, BREDBNWTRTAS &, Fig, 53.7IC
RTEDR, E—F V777513 BEAFIRENAEL. BRENNIVWEETIRX
W, T, BEEARELEANE <, BRENKREVNRETINEL Ao TNE,

(AOFEDREE)

E—F 2077 75 —ORERRRRIMEKEEZ, ADFHEOBRNWTATAS &,
Fig. 538ICRT LD, E—F 77y 4 —id. BEAKRESAAS S, ADFREAAE
WERETIIRE N, £z, BRARREINNE K, AOEEIVNIWEETIINELZ-T
W3,

(BEEAFRILIC X 208

E—F2 777 75— OERRFRMKENEZ. BANSA—FOXPNTTN—V 7
LTBETS I LER DI TOHERE, Fig. 539107, E—F2 V7775 —R@3BHAN
FA=FTHREINFEEREL, REVWEENZILE>TWS, A=Y N—T70OF—& 2{FH#
KRR E—F V77 05— REAENKEVEFERZVERBESNEMN, BRED
AOFEDOZEIHENIZNE L, IBNEOBANS A—F TE oL, BERHRRELT
BETEAIENSNS.

5. 4 BYTFyRXNTFII—
KEHEAD S ORRICK ZEESMOLE(L. BIHNAROREET 2HET 500, B

BIFv RN T 705 — (Wp TEELT, Fig. 541~Fig. 5490 T, BYTFv >

N7 77— (EFTFv RVEE-ADRE & ETHEE-ADRE &
D TERSNIERTRTH D,

(1) BANG A-FikESE

(BRENIRNER)



JNC TN9400 2001-126

Sy N—ENETD SBRANLTVESOBRY TF ¥ RN T 7 I F—DEINTA—F
EWEMERTAS &, Fig SANCTTEDR, BYTF¥ 2RV T 7 75— BANRTR
—FRAINEETIIAES, KEVEETRAEVWERIZE>TWS., Ty X—EHERR
NS OBREANBTNESOBEY T F ¥ VRN T 7 /I —1d. BRABOBENWIII > TRERER
e, LML, Fg 531 TRLEE—F 2T T77 05— EHAT, RABILLDENEDS
N,

(BB DEE)

Ty IN—BENEENSRENDEIBEROETTF Y XN T 7 75— DENNTA—F
G E, BREDEVWTRTASE, Fg 542§IRT LI BYTFY RN T 7 o5
—l3. BRBEBAEVRETIINE B TWD, BANS A—FHNEWEZERBROZ
WINKENH, BHNRTA—FRRESASZE, B TFY 22N T 7 7 F—E10IKETN
T BREBBOEEBHINEZoTWS, 2. REANBEIBEORABROREERTH S L.
Fig. 543107 X Sic. BRARISKWM O TIE. BERBOENWICL - THERENRD
SRHANKE,. BABSIWMOEHETIZ. Fg 54407 TEIR. BREEIVNINIEEERE
BTFx 3N T 77 F—HNELTZoTh5,

BYTFr RN T 7 I —DRINSG A-FikEEE, BEARRLEOENTRTSHS
&, ARFE#EVin=0.1m/sD&ETIL. Fig S4ASITRTEIIT. BYTFY 3N T 7 05—
3. BEARRENAZNVEESAELB>TND, ZOL53EN. REEFEZEAND
A—FTRETS LT BEAFRHEICLDF—FEPRLUEREFRg. 5461CRT. 75
Tk, BESFREARRETHNE, BYTFY RN T 775 —BENNRTA—-FT
BETX3CL, WNCEY TF v 2RV T 7 7 ¥ —RERRARRENKEVNEE N LR
B ENGND,

(2) EEmEBRFR KT

(R#REOFE)

BGTF % RN T 7 7 ¥ —OREARKILKEEE, REAROENWTRTHS L,
Fig. S47ICRT LS, BYTF v 23N T 775 —id. BEAFRKREPRES, BREN
INEWRBETINE W, Fhe, BEEREREN/NE <, BRENREVRETIIRE<2>
T3,

(AAREDEE)

BYTFr L RINT 7 Y- OBRERTRILEEEE, AOFEDENTRTHS &,
Fig. 548128 T LD IC, BYTF v RN 7725 —id. BEERRENKELS, ADWE
BRENELETIIAE N, T, BEAFRLEAVNE L, ADRENWNEOEHETIIKREL
2o T3,

(BRE#AFIRLEIC L 558
BT F v LRIV T 7 7 I OBRERFRILKEER. E—F 2T 777y — LRI,



JNC TN9400 2001-126

BANRGA—FDRFNTCIN—ETUTEBLE, TOHERE. Fig. 54912777 . B4
TFx o ZNT 7 I F—RBBEANRTA—FTRRINEEPIEL, REVEFERELEZ>TY
5. A—N—7O0F—F 2FHIcANE. B T7F ¥ 3N T 7 7 ¥ —3RABNKEN
FEENSIWEHRBRSNEN, REABSAOFEOZEIIHEMMIIAE L, BEWVEDEAN
FGA—ITEELDNL, BEEAFRE TEETERI NGNS,



JNC TNS400 2001-126

6. Fif - 7t
6. 1 ABRBERLIOLE

SEOETEESE. TROSEORBRES 27, 28] st 7=,

| 3~ § 37&

|2 X5 8. 3 mm

Y BTN 19~38 xwmi
A 18~37 kW

INZ RIVEREEFEE 0. 05~0. 3 m/s
AONagE 300C

(1) BREHTzVGE

Ty N—ENKBLSHRANTWESORBEREENMERELZ L T Fe 6.118L0
Fig. 6.1.2127R9

E—F 2T T 7 05 —OFHT5 A—FEKEED. Fig 6.11UIFRTXIIT. BH/NTA—
FWMNENEHE, TROBEEIPKZVELHTIR. 21 7TE2EORBN RLOE—F
7708 —1F 3THEENRIOEIDRESBOTVTENRIOKREED
BUPENTWS, BHNTA-FRRENEH, ThbhEBACLIERENTERL
DRIRBRENEHTIE, 21 7TEZEORBINCFME. 3TEENRIVEREBLT
EWa<EoT, E-F 277775 —NL0ITEDL.

—H, BYTF v XN T 7 I ¥ —id. Fig. 612TRT LI, 21 7TEECDKRENS
FILIL, 37HFENYENXONEBoTWEN, E—-F22 77725 —LRAKRIC &
ARG A—FNRRZBNEH TR 10ITE T THE EDBENRIES,

(2) B HD5M

TyN—EAREPSHRENDZBEOHRBREREEITERZHEL T, Fg 6.13BXT
Fig. 6.1.4ICRY . ABRERIT. ENARRENLI~24TH30ICH LT, BTEROER
BRI, 1437TH B,

BEAHDIBEITE FvN—ENENSRHINS D, BFAOBESMIRAELR
D, E—F2 77775 —IRBNEVERGEIVAREL, 21 7TEEORBNS RO
—=FTT7 75— 3THREN RILEOKREN, BANT A-FPAZREMH TR,
E—F 277704 —3 10CEHEL T, EONR BIOREZICEBENWERZE>TH
%, £, BYTF Y RN 770513 BENRS BTN EROBRENMET 5%
D, BREPZNESITEARTIEL, 21 7RKEOXRENBIE, 3 7EE N B
KD, EHITAEN, INSEOLENBEMIE. RENTVEELIFAERTH .



JNC TN9400 2001-126

PEDESIT, E—F 2T T77 05 -BEIVBEFTF¥ RNV 777 F—EHIT, BAN
5 A= NABIVERECBNT, EONY BILORZFZOBRVWARENTNS. FiIT. E—F
I IFII—KVBEGTF v ORINT 7 I —DFEN. EXNY B ORE S OZENH
ETH5B.

6. 2 BRAKHFOEE

ZNETORNTIL. BRROLEEE S v /S—EORNRED S —HICRREIND LREL
TWBEY, £ F—F9N8—70—-RLBBATR. EEF M VLABFLOLELFEHS E
B LT LAMSEREINE D, BEEO LS TORBREAERDEEZILGND. TO
7, HAKD LS (2=19~36) OBROBRHAEEEL THAL .

EEEDOENETN S 10kW/mMORTR THREAT D & UBITERE, £GHEDO SR
510kW/MORARKE TRAINSKEOBITERE L ZHE U THg. 621I0RY. RITRT &
Iz, BEEROLERNSOBBEAT D ELBEOAENBRENB SR> TNSR, 2KEH
MNSOBREEEEL T, MESENZFRCEREETHS B> THY. RLBORRRES
ICHFIIBLRBITEEE> TS, BRLBETHRL TH5 &, Fig. 622177 L3I,
SHEED SIkWIHORFR TRALZEE LD, £E4EKD EFE45H510kWmMOFAFR
THREALEBSOHEDN, SHHP0ERIZAR> TS,

KT, B—F V7705 —BLUOBETTF 2R N T 775 —2BINT A—F, BH
SHRELTRE L SRS, METHELE. LESRSOBBREATEELEBEORER
FRIZOWTHRERE 1 mOFEHELE, U—F 2T 7 7 77 —DFN/8T A—FEKEFEER,
Fig. 623IZRT LD, EEEOLEFNSOHRRTHE LRSI 2E,SBREIN
BEMARRE (q"wapin = 0.673) &L CEEHMMRILA12E2D . BEAFIRILD
0337DELURER L —BRLTWB, ¥—F L T T 7 7 ¥ —ORFGRILEGEEER NS A—
FDERNTEEL THS &, Fig. 624FRT LI, BEEOLERNSOBRBRTH > Th,
LHNEENSRALELZBEER—N—TOFICA- TS, FHOAFREZRVWTEET
EDHT LMD,

BYTF v L RNT 7 7 ¥ -OFHNNT A—FEFEER. Fig 62517 T LD, KEHF
D LEDNMSBRELERER. U—F 277 7 7 ¥ — ERBRICERRYURES0.3370E LR
K—HLTWS, BOTF v 2RI T 7 75— ORFHRILEEER, Fig. 62,619 X 31T,
BAKDLERHSDBRAETH> T, 2AEXANSRALEZELA—IN—TOPITA
STHY, E—F 2T Ty 5 —FAHKIC, THORBREANWTEBETESI LV 5.

Fie, ERTTELERSEET ORBRARMEFEEE, BANSA-FTERLLE
BIZDWTFHg. 62TRT. BhSS02 XD, B&EDO LESHSBRALLBEGOT—
FH, F—THFEnET—F0aENS®RERT oy hENTED., REHD LY
HOBREARTH> THEMARRILTERTEL ZENTND,



JNC TN9400 2001-126

7. £&

EEEIE D RRRBESEIZDNT, A ¥ —F 9y N— 70— H 3 WIRSHFHEBTIC
SO0 TRHIEI NS ERDEFRBESREFRFET 52010, BRABRICHATIRFITTHE
FiafFoi, WAE2 1 7ALP VHROBMAEESHET. WA 3 RTBFRERITI— FAQU
AEAWTEN L. BFFER. 3F0B8B e iclEEN T Fr 2Rl onar
FO— LR 2—AZEOYTHERAYH—MN—TE Ay aRBlESTF v O RIVE
Fio— REICERINEHMREEFHEER ZHAEHELZHOT. TRETITAENS
BHENSE&ERED, 37, 61, 169 VHESFOERT—FIZXDRIALTET
s, FHBTOER. ROMAZR/.

(1)

(2)

(3)

(4)

RERBESETH->Th, Ty N—EEZBLTHE»SHHEhNEL, KE
HAOBREEERETT 3. ETOEMI. BH/ MBREHEOZEEZE0T. &
F1I85 A—% Gr*/Re & BEEH TR q " wat/pn T AW TEETE 5.

£ FNOKESFRRESF L. E8E0OHA / HERE. AED S ORBRIC
ERELTELT S, HEYERECHTAREGEREORTHIE-F2TT77 7
F—z0oNWT, EEENOBZNOBIEZRTHENNTA—FGr/ReZAND I L
T, 1 BREGHEEZEEL TCHETES. —F. I/ \—EELEORED
ONTIE, BANTA—F TN 7THIEIRED. BEFEBEICNT
AEEREBEEOH THIBEY T F v RN T 7 75— L EEARRILETRETE
5,

TNETOEREREORBTIE, 21 7HXESORBNY KVIZ3 7THEIN
PRIVED, P—F2 7770 ¥ —-RBAREL, BYTFr 2N T 7 0 F—3h
TN ERGHo Tz, ‘

BER A 5 OB EAE A FIC—# T <. BEO LESOHBRHASNEEHITD
WTRHLEER. V207705 —BXUBYTF¥ RN T 775K
SNT, EEORBERERAVWTBETES W9 h -k, Eie ERTELE
BSRETp OEERMREFEEIC OVTIE, RO EFFORATHH>TH
BRAFR L TEETES,



JNC TN9400 2001-126

3

EREOERICHED., FEETINOA > Ty bF—FDERICIDNT. B ITX57—
FO=FEBRERICERELCHHZEEELE. CZCHRODTEHOZTEZELET,



JNC TN9400 2001-126

ZE R

{1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

(16]

(11l

[12]

M. Ueta, T. Inagaki, et al, "The Development of Demonstration Fast Breeder
Reactor(DFBR)," Proc. 3rd JSME/ASME Joint Int. Conf. on Nucl. Eng., Kyoto, Japan,
April 23-27, 1995, Vol.2, pp.771-776, Japan Society of Mech. Eng. (1995).

D. Weinberg, K. Rust, H. Hoffmann, H. Hayafune, and K. Hain, "Transient NEPTUN
Experiments on Passive Decay Heat Removal,” Proc. 3rd JISME/ASME Joint int. Conf. on
Nucl. Eng,, Kyoto, Japan, April 23-27, 1995, Vol.1, pp.519-524, Japan Society of Mech. Eng.
(1995).

D. Weinberg, H. Hoffmann, K. Rust, ILH. Frey, K. Hain, W. Leiling, and H. Hayafune,
"Summary Report of NEPTUN Investigations into the Transient Thermal Hydraulics of the
Passive Decay Heat Removal," FZK report FZKA 5666, Forshungszentrum Karlsruhe,
Germany (1995). : '

H. Kamide, K. Hayashi, et al., "Investigation of Inter-wrapper Flow in Fast Reactors During
Natural Circulation Decay Heat Removal -Seven-subassembly Sodium Experiments-,"
Proc. Int. Mtg. on Advanced Reactors Safety (ARS '97), Orlando, Florida, June 1-5, p.1141
(1997}

H. Kamide, K. Hayashi, et al., "Experimental Study of Core Thermohydraulics in Fast
Reactors during Transition from Forced to Natural Circulation - Influence of Inter-Wrapper
Flow," Proc. 8th Int. Top. Mtg. on Nuclear Reacior Thermo-Hydraulics (NURETH-8),
Kyoto, Japan, Sep. 30-Oct. 4, Vol.2 p.922 (1997)

M. NISHIMURA, H. OHSHIMA, et al., "The Status of Studies on Fast Reactor Core
Thermal-hydraulics at PNC", Proc. of IAEA IWGFR Technical Commitiee Meeting on
Method and Codes for Calculations of Thermohydraulic Parameters for Fuel, Absorber Pins
and Assemblies of LMFRs with Traditional and Burner Cores, Obninsk Russia (1998)

H. Kamide, N. Kimura, et al., "Experimental Study on Inter-wrapper flow during Natural
Circulation in Fast Reactors - Influence on Natural Circulation Flow and Core
Temperatures-,"  Proc. 6th Int. Conf. on Nuclear Engineering (ICONE-6), San Diego,
California, May 10-14, ICONE-6197 (1998).

M. Nishimura, H. Kamide, et al., "Transient experiments in fast reactor core
thermal-hydraulics and its numerical analysis - Imter-subassembly heat transfer and
inter-wrapper flow under natural circulation conditions -," Journal of Nuclear Engineering
and Design, Vol.200, pp.157-175 (2000).

H. Kamide, K. Hayashi, et al., "Investigation of core thermohydraulics in fast reactors,
interwrapper flow during natural circulation,” Journal of Nuclear Technology, Vol.133
pp.77-91 (2001).

PeiE—tdh., TNa BERBRICL? B ABREOF LRBRSRSICETHME], AR
T H1E 1997 EFOF S, (1997)

ARiEZ ., T EEM, [FEEOBABRRERREFOFNARDREUETS
B — LR TRy T —/a—Ro LA FEORE — | BT AI%ER 1997 FHROKR
(1997) '

I, AT, TEEFO B AERBBEHEIIET AR - A 7Ty ST
—BPLORE REA~RIETRE— | RTA%¥E 1998 FROFS (199)



JNC TINGS400 2001-126

[13]

[14]

{15]

{18]

(17}

[18]

[19]

[20]
[21]
[22]
(23]
[24]
[25]
[26]
[27]

(28]

P —Aeft, BBFEO B ABRRAEHREROVAT LARBEERICET RBRMR
— A LBLUCERHROBERF BT ROMIF— 5, PNC TN9410 96-280 (1996)
Mk, EHIERM, [REFO B RERHEARERONAZRAMEERICET
LR —EHBRELSARC2RELGHRBAR/ROEE— |, PNC TNI410 97-045
(1997)
KB, AR EM, [FEFOBRRRABERREFORHAZRMEEFERICE
THRRE— 1IRFTEFA YN — 72— FE AW FHEO/ET— 1 PNC TN9410 97-046
(1997
PEH—3E, HRER ML, [EEF O B RBREFON - F—Fy =70 —BRIIETIRR
e — P LS HIZh R E B AER R RIERZN ROFE— . PNC TN9410 97-047 (1997)
H. Kamide, K. Hayashi, et al., "An experimental study of inter-subassembly heat transfer
during natural circulation decay heat removal in fast reactors,” Journal of Nuclear
Engineering and Design, Vol.183, pp.97-106 (1998).
M, Nishimura and H, Kamide, et al., "Inter-subassembly Heat Transfer during Natural
Circulation Decay Heat Removal - Experimental Transient Behavior from Forced to
Natural Circulation and its Mulii-dimensional Analysis with Mixing Model -," Proc. 8th Int.
Top. Mtg. on Nuclear Reactor Thermo-Hydraulics (NURETH-8), Kyoto, Japan, Sep. 30-Oct.
4, Vol.2 p.903 (1997).
M. NISHIMURA, H. OCHSHIMA and H. KAMIDE, "Fast Reactor Core Thermal-hydraulic
Analyses during Transition from Forced to Natural Circulation," Proc. of IAEA TWGFR
Technical Committee Meeting on Method and Codes for Calculations of Thermohydraulic
Parameters for Fuel, Absorber Pins and Assemblies of LMFRs with Traditional and Bumer
Cores, Obninsk Russia (1998)
BERTTEM, X REEACIIZSREMTOREL - BEROBSEFRE
HEERABITRE~OER - |, BARFAFSR 1997 FEOFS (1997)
ERTTE, BHEH, I3V REEAICLAZ R T OB E{L-3EF 169 B R
BRSEAET MU LARRIZIOREL- 1. BARTIFESR 1997 FHKOKRE (1997)
LHZERM, (EEFOBRABREESEMBBTRSICETIFRITFEORE -
CCTL KLU PLANDTL RERICZE-S<HREE], PNC TN9410 96-268 (1996)
EATTEM., [REFREME S EPEE B SR T RREBIT~DIF L IR ETT NV
O 1, PNC TN9410 96-289 (1996)
AT, EHIER, [ F R RS RS R T BREREIT ~DIF LV REDER
—169 U EAHERE T MU LAEBRICISREE— 1. PNC TN9410 97-044 (1997)
BEATE. LHEM [2RTBINOIF I VREETNVEARLSBRESH
PFARERHEREOR L — [ . BH#HH— 1, PNC IN9410 95-285 (1995)
FIARERE, TEHMSATRRBMITI—F AQUA EBRETFNFIAFTIEL, PNC
TN9460 94-003 (1994)
M. LIS, TERABRAERREROFLRARSRSOHEA - 7TXES
EC X2 RGERBBITEEHR—), PNC IN9410 94-264 (1994)

HEE—, RHZEEM, [BABRBBAREROFLTARB RS OMKEH - %Aﬁir’?
DENNT A—FERHAEE—), PNC IN9410 96-217(1996)



JNC TN9400 2001-126
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DAYRE
JA4vEEEYTF

5 v S~ BHHE

2. BAAT—4
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8.5
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1.1
200
3.9
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Table 4.1 fRITEH—ER

E R E TR pin=7.43kW/m

E LR E TR g pin=14.85kW/ni

B REEF R pin=20.71kW/ni

ADFEE BEEER | BEMTERL AR FE BEMIR | BEMRL AQFE ErmdhRR | EERERAGEIRLL
Vin(m/s) g walt(kW/nd) | q"wall/pin(-) Vin{m/s) g "wall(kW/rd) | q"wall/pin(-) Vin{m/s) g wall(kW/nd) | q"wall/pin(-)
0.2 ¢ 0 0.2 0 0 0.2 0 0
=il 0.67 -5 034 -G 017
-10 1.35 -10 0.67 =10 0.34
-20 1356 -20 -0.67
0.15 0 0 0.15 0 0 0.15 0 0
-5 0.67 =5 034 -5 0.17
-10 1.35 -10 0.67 -10 034
—-20 1.35 =20 0.67
0.1 0 0 0.1 0 0 o1 0 0
-5 0.67 -5 0.34 -5 0.17
~10 1.35 =10 0.67 -10 0.34
=20 1.35 —20 0.67
0.075 0 0 0.075 0 0 0.075
-5 0.67 -5 0.34
-10 1.35 -10 0.67
0,05 0 0 0.05 0 0 0.05
-5 0.67 -5 0.34
-10 1.35 -10 0.67

921-1002 00¥SN.L ONI[
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Table5.1 ERTEOEH

1. ©=% 7777 %— Pg=(Tp-Tin) / (Tave - Tin )
BYTF v RN T 77— W= (Tw-Tin) / (Tave - Tin )

REIRE Tp= fHEWEOKESIRE C

BEY T F ¢ VARNVBEE Tw= ZMETEOEY 7 F ¥V RHEE C
HEAEADERE Tn= 450 °C

FHFEE Tave = SEBTEOIHEE C

2. BEEIFORY q"wall /pin =9" wall/ 4" pin

BETEEAAETR (REVE) q'yau= 0.0,-5.0,-10.0,-20.0 kW/ mf

ErREHR (BERE) pin= 743,1485,2971 kW/ ol
( FEFE1.0m OFEHE )

3. LA NVZXE Re=v- Dp/v

AEFEE v=0.05,0.075,0.1,0.15,0.2 m/sec
KALMERE Dp=3.15339 x10™% m

EkbtEfRE v =3.13 ><1o'7 m /sec ( 450°COfE )

4. BESFAFTE G* =(g- 8 caT?oL? )/(vZ/th)

HEHIEE g=9.8m/sec2

fEEE =285 x10"% 1/°C  ( 450COHHE )
SAMTEAE TORBIBEZE aT =Tae-450 C
THHREE Tave= FEMETEAOERE C

FBE L= FEHFEAETORS m

EhfsIEREL v =3.13 %10™ 7 nf /sec ( 450°CD1{E )
KAEMERE Dp=3.15339 X102 m

5. BhRSA—F Gr¥/Re
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& BEE q wall= 0.0kW/ni
0 BR&E q'wall= -5 kW/m
O BBEE o wall=-10kW/m
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Peaking Factor (Tp-Tin)/(Tave-Tin)

o RBER q'pin= 7.43kW/m
o EME q'pin=14.85kW/m
A BB o"pin=20.71kW/m
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Peaking Factor (Tp~Tin)/(Tave-Tin)

o BBE q"pin= 7.43kW/mi
o EBE q'pin=14.85kW/nt
A EBE pin=20.71kW/m
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Peaking Factor (Tp~Tin)/{Tave-Tin)

A BEEEGRERH q wall/pin = 0.0
o BE#MFEL q"wall/pin = 0.673
r BEEETEE L o wall/pin = 1.346
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Peaking Factor (Tp-Tin)/(Tave~Tin)

A BEEBGEEE o wall/pin = 1.347
o EMEMFTELE q"wall/pin = 0.673
0O BEmETEL g 'wall/pin = 0.337
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—o— HBE q'pin= 7.43kW/m
—o— B q'pin=14.85kW/m
—a— BB q'pin=29.71kW/m
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Peaking Factor (Tp-Tin)}/(Tave-Tin)
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Peaking Factor (Tp-Tin)/(Tave—Tin)
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A BB q'pin= 743 kW/m
o FERE q'pin=14.85 kW/mi
O S8 qpin=29.71 kW/m
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Wall Sub-ch Factor (Tw-Tin)/(Tave-Tin)}

A B3E q'wall= 0.0kW/m
o B3 E o"wall= -5 kW/m
O BRE q'wall=-10kW/m
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o SR q"pin= 7.43kW/mi
o S8 & q"pin=14.85kW/mi
ARBE q'pin=29.71kW/m
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o BME q"pin= 7.43kW/ni
O RME q'pin=14.85kW/m
ABBE q'pin=20.71kW/m
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A BEMIEREE g wall/pin = 0.0
o BEEBFHELIE q"wall/pin = 0.673
O BEmEmEFEE o 'wall/pin = 1.346
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Wall Sub—ch Factor (Tw~Tin)/(Tave-Tin)

A BESTEL o'wall/pin = 1.347
o BEHFEHEL "wall/pin = 0.673
O BEaiER q"wall/pin = 0.337

1.00

090

0.80

0.70

0.60

0.50
1.0E+02

1.0E+03 1.0E+04

1.0E+05 1.0E+06

2 H1354—4 Gre/Re ()

Fig. 5.4.6 BYTFoU RN TITIEIDZNISTA—RTFE

— EEEEGRELLOEN

[z LBHE —




JNC TIN9400 2001-126

—o— SR q'pin= 7.43kW/mi
—o— FHEE ¢"pin=14.85kW/mi
—a— REBE q'pin=29.71kW/m
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Wall Sub—ch Factor (Tw=Tin)/(Tave-Tin)
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o FHiIS5A—% Gre/Re = 1.4E4~2.1E4
0 ZFEHN/NSA—2AR Gr#/Re = 2.9E4~4 2E4
A FhIS5A~4 Gri/Re = 6.6E4~8.4E4
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A BBRE o'pin= 743 kW/m
o HHE o'pin=14.85 KW/m
O ZRE q"pin=29.71 KW/
s RBHEEGRGL)
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A RRE q'pin= 7.43 kW/ni
O HBE q'pin=14.85 kW/m
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o EEEEEER L o'wall/pin = 1.347
B FEBEE ; "'wall/pin=1.3~24
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Wail Sub~ch Factor {Tw~Tin)/(Tave—Tin)
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1 —o _FEBRREA (q"wall = ~10kW/Ri)
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Peaking Factor (Tp~Tin)/(Tave=Tin)

o BEiEEEL g wall/pin = 0.673
o BEFEMFERE g wall/pin = 0.337

o EEEMFIEq wall=-10kW/m (£), q'wall/pin = 0.673
A BEEEBFTH wall=-10kW/mi ( L34, q"wall/pin = 0.337
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Peaking Factor (Tp-Tin)/(Tave-Tin)
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o BEFIERL q"wall/pin = 0.673

o BEMFE q'wall/pin = 0.337
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O FENINTA—H Gre/Re = 2.9E4~4.2E4
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