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Fundamental Water Experiment
on Subassembly with Porous Blockage
in 4 Sub-channel Geometry
— Influence of Flow on Temperature Distribution
in the Porous Blockage -

Masa-aki Tanaka*, Jun Kobayashi*,Tadasi Isozaki¥*,
Motohiko Nishimura*®, Hideki Kamide*

Abstract

In the liquid metal cooled Fast Breeder Reactor, Local Fault incident is
recognized as a key issue of the local subassembly accident. In terms of the reactor
- safety assessment, it is important to predict the velocity and temperature
distributions not only in the fuel subassembly but also in the blockage accurately to
evaluate the location of the hottest point and the maximum temperature.

In this study, the experiment was performed with the 4 sub-channel geometry
water test facility. Dimension is five times larger than that of a real FBR. The porous
blockage is located at the center sub-channel in the test section and surrounded with
three unplugged sub-channels. The blockages used in this study were 1) the solid
metal, 2) the porous medium consisted of metal spheres, 3) the porous blockage with
end plates covering the side or top faces of the blockage to prevent the horizontal
and axial flows into the blockage. The experimental parameters were the heater
output provided by the electrical heater in the simulated fuel pins and the flow rate.
Temperature of the fluid was measured inside/outside the blockage and velocity
profiles outside the blockage were measured.

From the comparison of velocity profiles, the flow field inside the blockage
depended remarkably on the blockage conditions. Such variation of flow fields
affected the temperature distributions. Efficient heat transportation by horizontal
flow existed in the upper part of the porous blockage. While, in the lower part of the
blockage, the axial flow from the bottom face of the blockage was pre-dominated for
the heat removal. Nusselt number defined by the temperature difference between the
heater pin surface and the bulk temperature of the unplugged sub-channel was
proportional to the power of 0.5~ 0.6 of Reynolds number. This result shows that the
dependency of the Nusselt number to the Reynolds number was decided by the heat
transfer from the blockage matrix to the coolant at the side of porous blockage. As
compared with the porous blockage without plates, Nusselt number on the porous
blockage with side plate decreased about 20% and on the porous blockage with the
side and top plates decreased about 22%. This tendency shows that the horizontal
and axial flows through the porous blockage have a significant effect on the heat
removal in the porous blockage.

* Reactor Engineering Section, Safety Engineering Division,
O-arai Engineering Center, PNC
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BLAOBRFIIODVWTHBETSHI 2R A b, Fig.2-8 WKARBRTHERLLEH
EMEHFOERXRERL, Table 2 CHEYLRE—BEETNT IR EE R
To
HEMABERAPEBERACRARTELIESOBRESTAEEERAIZ D
12, EIRHMBEEY Case-A EHEREFPORLF—5 AIKHBEEY Case-B 2 H
WTERESHICOWVWTHEBERFTS T2, ERVHEDOES, BEPHNETO
BRITIE, HEYARORZEILIVHAEDNAOSHB BT T E2 820
A&l b, —F, Case-B TRIEELWNBLILIGHUEND L, Riz, K-
SAKBEYHEICHLEEZZE L/ Case-DIic LY, T -5 2AKEEDHE -
PODKRFEFMBENIZLIGAABEONREM VKRS, MEDNH B
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ABEGHA~NDOKRKEFRATKLOFTSE2HARL, 2L C, HEYWH®EL LwHE
WHBIERZHEBELZ Case-EIZL Y, BEYATRIZRAY ZF 2 B HMO
WEE (BEYARTOEARR L THELLORABIIFT) 2250, XK
EHMAELBIUVEFERLICL2GHABEZODRZI Y (, Case-E &
Case-B, Case-D EOHEILLI - TAKEFRABITWMAEIZENLHH OMH
EYREEISHRNOFELHENS,

T/, BEYAEBLICLELEEICHERZRIFAT 8BS, AFEIFEA S S
F Uy FP2RETHLZEATVWLIOT, HEYAHNETEY LALREESR (Rh
G OBEER) AR AIAEB IR TS, ERVFEEY (SUS304) O
MIZEBIIHERTPIELL LD, LT, BEHBEY Case-A L flHB L TL
WEHEZPBRIELAR—5 ARBEEY Case-E L THRESATHETHIEIZLD,
MIZEIZLABEENRETR NS,

OB ERETRIFTLEIEICLY, HEDHAKORREIELLEA
BOBERLET 2, SO, E—F2AKBEORE® S, HEKRORE
LI D ARFEFEABLIUBFBAEREZHARCAETLIILEIARATRTSHD, F
RBTCREEDEARORROTLEZED-HREZRARLI LIRS,

EH, F—9Z2ARBEYTEHEE (LRA) oRKZELSEELZZI EILX
h, BEYEAIZBIUVARTORRENELT B EEZLLONE, £2T, AE
MR P 2B A Case-B EFHEIMI LA Case-C & 2 KL,
HEYAROBETA~NOREEEZHFH I,

Case-D B L U Case-E CHWARHLERITVITNE SUS304 HOE S 1[mm]
OFERTHY, BEWILIRF L REZFNCHIEROME 2 KA L7,
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3. ABREGBIUHE
3. 1 WEDAHEFR

HEDEHILOREY 7F XY Y ANVHTORBSHFLZANET A LIZL - T,
MEYEGORRLILET L, MEYHLLOKFFRATKLOFTRE2ITET 2
%, HEYAZHEHMPEHARKKERLIFE -5 RIKBEY Case-B, B L UK
—FARBERICHERALERZROA T KESFROTHR ZER L 7> Case-D @
25 —ARiZowT, BEH 7F ¥ VALV AOKXKEFABLTMAEICBIT S,
HAMBEERSBLUVARAFIFMERRTOSHAEZHNE L, S50, #WhHMm
MERSBLIUAXRESFMEERRSINOZEDORE LRI OR -5 AREE
¥ Case-BIZ2WwW<T, —FMBAKEIEMBRDO 2 Fr —ATHBL T - 72,

HEBEAKAKREE 2.0[m*h]%E 100%¢ LT, BHREE»LEBHBE~OE
RE LB 0.4[m3n] (20%, Re=1,726) , BLUFEREHEI»SLEAFEB~D
BREE % 5D 0.8[m%h] (40%, Re=3,452) & L7, MEOAMWERBEE 2T,
Fig.3-1 IR T LI, AV TF ¥y YA NVHEAOCE=ZAFOEAICEEINT .
WA32o0e—F% (hLH 60 E) ORI Oy 2204 L, RESFUA®
EH7I7YUNEELTRDMNITS (Fig.2-4 2) , 0L ERFREBONHEE
BRI L7201, MOE=ZAFEOEAICEBIRTWE 2200k —4% (HF.h
A 60 ) BEHESIE TR VY, XRRBRLGOHBETRED (BH) O#E
BANORBIEV (4. 1. 15H2B) . 2020, BESHAMERFICIL 2400[W]
T 100% & T 5%, HHESHMESHABREIZIT 1800[WIH 100% & & 5,

mE/EAORE, THEAROER (FHF22R) 2b L EBRAEATH A
KEBEBLEAVEBICRE L, RESEHE 0.8[m¥ hFoi —F Hi 1800
[W1(100%) & L, WESHE 0.4[m*/h] Tl 1440[W](B0%) & L7z, HRERE ML
LA/ WA (Re) # Table 3 WRTo BWRERT LA/ VWAHEIRBRERA
E QMM 4H 7F v YA NVEBEER S (m?d 5 Kb W HFH &
Vim/s], 4 %4 7Fx YA NVOAKNEMERE Deym], BLUHBRERALHE
25[CHI BT 2B HERE v Im¥ sl VTR D,

_De,.V _De,-(Q/S,/(60-60))
L4 ¥

Re (3.1)

HAMEROEAABIUKREAMEESAORFHMAME Fig.2-4 I25R T,
LDV (S 2 FRBKBIARKEFEMIAE, BHF O3 HAOAETISTEHHMT S,
UVP 2k 2 KFFREMEESAITEHMAEMIC 10mm]EHBET, BEYWLEMIC2
FmE, AER7FR, TRA 1 FAOEF10F DT A ECHEF L UVP
®HRWAEBEAICE Table 4 AT L5, BTHMEROKRE SIZL o TEHEIT
HEAKEFREI-TBY, BELEASGDLEIFERERE, ZARBKR TG
MEELBEYHOERYZE2ICL, S0 EE2 LT3R K
#l & E (Maximum Depth) % 91[mm]& LA, 20 & &, EE TH L 5.6[mm/s]
E b,

LDV L 2MBHZETREIEAHREICLIVEHL TS DB LT L,
AT7F Y VABIERTOREREEERY) SNEFKEKTT 2, 2070, AIEEAL
WrBECBELREEYIZ 2,

HEFIEE, FFRABV - TR HM 2 BRI TABRAEARELSHFICRE
LEERE2HET L, Ri2, fBK0oLHRA s HAEFANHEOK FIREA
Wb, BATERBHARED 1I5%EEORNTFREGBEZEASE L, KT
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FOERBEOKETY > 7IZEFDOTEE, HEPLTAEILL > THREL —
THIZEAT S, RFFABRER 2B LTHENRLTVE I E2HEREL, @H
MMERSIE LDV T, RKEFHEARERSIE UVP THlELA, LDV Tid 57—
yH Y TY I HF 512 E LTEHYEEZ KD, UVP TR F—FH 7)) 7
Ha 1024 L LB LILETHFEL Lo TEHHEHET RO, REFT—-51L1
SORBEEIIHLT, EHELTC2ENBL, CThbOEHELZDL > THE
’rﬁ&: Lf:o
LEOREBICBWT, LDV 2L 28 AmEREROFTHRIC, HBEYHEEH
OFHMNETHEEORL-ESTI Y MY, EHRFOFTUMRICHERTERFILD
hhol., HMOMNENECTERES I Yy M ELT 1024 BE2EY YT~
FHETBY, 45T 2048 MO F— 7 HIBELRL TS, LAPL, TOHE
WEEEEONENE CREFT LR 1IBOY Y 7Y 7T 300 BEET
ol T/, 4. 1. 2BTRTISILHRAEBBOEEFEDL KE L, FHY
RHEOLl ~2FRBREOEL2E2RDON, BHICL o THBRKTLERE
DIFLDENEL SNUEFFEFBILEL{ o/, TOERELT, 5. 1BTH
BT IS HEYRELEEEEMBLEEAITEL2Y, BEDTHRORNEE
BlrBw I HERIZIABERKERFEL T, BRENTFOIKEIZ L
DWFy 75 BBOELRIRPEFOARERLE SN ENBE 2D LDV 5% »7#
LdrolbDbEZL,

3. 2 wESAHERR

ARBRTRABREGEE LT, e —% HH% 2400[W] (100%) 3 & U 960[W]
(40%) ® 2 &+ L, RBAKAKE 2V TIiE 2.0[m®*h]% 100%& L T,
1.6[m%h] (80%) , 1.2[m%h] (60%) , 0.8[m®%*h] (40%) D 4 FH % & » 7z,
AREFMBLUBMFHMFELOEEYRI-DICEHEWEMY (Case-A~E)
moWwT, BRESHAMNEZTVRET 2, Table 5 CHEB&HEFILTE LA
JIVAEERT .

REFIELZ, BRIV TORELEBLAHCRELEETRELHERET S,
Kz, e— sy HPHErEBREBGICEhLE, 1EHE, FHUETCOoREFER
LS EPERFNEBET— 9075 720 BERLEBESAUNELZIT- 70
¥y FEEEIE 2Hz T, ETHIEEE 10 7HONEE 2RS0T o 2,
HUMETE, TA»Oe - EAREBLI T - HALLODVWTHRAN 7 —
YOV I7RBERL, BEPOLOAFICLI I - HOOEE EEEKRE
PoOANRTVEEEE, BE, FERE2F-o-THUELZT oL, BHARAMUZER
BIrEd s RKEORELLT, Tho2@0oFEHEL2H W,
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4. HEBRHER

4. 1 MEFTHEZERHR
4. 1. 1 RBEYTFx> a\JbPﬁb_ioﬁ‘%ﬁjJ@%f%ﬁ

BeVy 7Fr YA VHAOBHFRAFEE~OL - MBI IEHOEES B

A7z, ﬂ-\"—-;zfiﬂ’a%%%(:aseB%mm’c E— 5 M EO0%E 100%
umwm)&tt%Awﬂﬁﬁm ﬁbiui?ﬁﬁﬁL AR AT,
uwniaﬁﬁﬁmﬁ%ﬁéFg4u;rL'M@Li%*%ﬁﬁﬁ@ il
Fm42££UHWHLTTo777i®ﬁm$ﬂﬁﬁ%TL,M%%mmL
HOREREZELTR T BANLIIBEE~NOEEL, EHEEEIZL->TES
NEBMELBEDOHAFREBESPILT 200, e -y MABLENRBETOR
HEv[m/s], EEREo[m/s]E 2 HET 2,

ov= Vhear — Visothermal

_[z(v-v..ff (4.

CCT, vim/s], om/s]RBEBERATCORET -~y O EHER X UERRE
_'%, Vhear [m/S]ti B — 57 bn?‘.‘ﬂ#@:’:{i&ji}ﬁﬁ, Vasorherma!{m/S]‘i v—4% 351][]?}3‘:5#@:':
BmE, nIZBEETOF— % HEBTH 3,

Fm44®mﬁﬁﬁﬁu%Lf,Twmsue—ﬁmﬁ%a#M%ﬁfmﬁﬁ
EWVEBRERZECET T WThORKRELDWITHEREEFEECL Y LERE
VOTHHERI NS, BREENOEEE, FTHREOI0%L T LS 22T
H 5,

Fig.4-28 X U'Fig.4-3IC 7 T /K FEHFMEEICE L T, Table 7i2 & — % i1 &
ﬁ&ﬁmﬁﬁf®ﬁﬁ¥&kﬁﬁﬁ%o%TToCCT@ﬁ HE WD L UE
EREold, BAOHMERIIBY A2 -y AR LEEMBBETORES 6 &
E%ﬁ%o%*b,mu%é®M%34/iwﬂmﬁr®$ﬁ%&ot%®
Thd, KFFMEHEILDOWTIE, HEZNEEEREcr BT 2L, B
W%Ld?ﬁ#&#ﬁﬁﬁ%a@%%t&5%%%%5# $mm%uva&
Dﬁﬁ%ﬁ@ﬁ@#ﬁﬁ@ SEBTH DD, ﬂﬂui%%mfﬁé#%ﬂﬁi

_k#&%&womw#xhﬁ,#ﬂw CEBBEAEBOELNOBELTT
33)07‘;0

DEo X iz, BAAREBLTKRFEFFRERERED DI -y Ao F&E L
;éﬁi&ﬁﬁﬁah&#oto&*?%mﬁﬁﬁ@m#%ﬁe B R
lDT@%Hﬁ®mF#&ﬁC@tﬁhkki%_&#ﬁ#otoOi@
KRBEG O -y A& ETIL, @@&7%%x$»m@mﬁmzivm
FHABREIZN TS, - FMAC IR OEBIEHWICER TR S,

4. 1. 2 HAERRZIZBFOMER~NDOEE

Fig4-4lZLDVIZ X 2B AMAEESTHFICOVT, ¥—F ARBEEWCase-BB
SUMEYHHECHALERL*WIF I TCAREFMENLEZINE L 7-Case-DE O K
BERT. BEFT7F v VA VEHRBE (r=0.005, 0.01 [m]) TitCase-BE
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UCase-D¢ bl BESHIIKELEVWE R, 7L, HEDHOFHME
(r=0.015 [m]) TliCase-BH & U'Case-D& bIZ, EMIBTOIHAEL D /b
X, BrHER AN OBREYTH S S5 10[nm], 30mmltFOHEMNE
T, THRBHEERDOIO%UT &R Y, Case-DOHAIZE, HEW TP L
10[mm}EHF OMEME (2=0.01 [m]) BWTIETHREFHAEEN TS,
IhiE, HEWEKCHIAREY THE TORNORCHEIELLIZLDOTHE, —
5, BEYTEL>H50mm]EN-BEYH OFHH A (2=0.05, r=0.015 [m])
TORMIE, THREEOOUBRETITCHEL TS, ThbDI thb, BE
WEEHEEORNLIL, BE&F7F YA NVERSFLIEELRD, BEEZHED
BMLENICE s TWwAIENRENRE, T/, F— 7 AR EWCase-BL,
BEELEEYREE LCase-DEZLET L E, BEY T w2 5 10[mm],
30[mm] L FOMEMBETIZ, #WHMKEIELCase-BOFHFAEL, WHMEN
DOE{EHCase-DE D IBRVWIEZRLTW 5,

4. 1. 3 BLERCIZKFEHFARENOEE

Fig.4-58 L UFig.4-6ICUVPIZ L A K FHMERETHF 2T, F-7F AWK
B2 Case-Bé BHEWHTMICHEREZIRY 17 2Case-DE ZHELTHRT
EOREIX, BEY T7Fr ANV oBAEY AP IHGENRERL, BEORE
HEEWMPOLBETF TF vy A NMNOHNERLT NS,

Case-B3B & FCase-D& d I FHE (r=0.005~0.01 [m]) Tld, WA MFH
& (Q=0.4[m3/h]® & 5, 0.094[m/s], Q=0.8[m¥h]® & &0.187[m/s]) D 10%
BEOKFEFEERYFEET S, 2720, BEBALENEZEELZCase-DOF
WAREHFDREOBTEIZAN SV,

B TEEE (r=0.015~0.024 [m]) 2B W T, Case-B& Case-DTILHE
HAMOBERFEARE(RL>T WS, Case-BOB 4, BERTH (2=0.0~
20.0[mm]) CHHEENLLEEF 7 Fy VA V~ORAFBH S, AEY
L% (2=40.0~ 60.0[mm]) Ti&, THE R B EEF 7 F v ¥ F VP LHE
MADHENFBRBMENATWE, —F, AEHERELZZE L -Case-DOHF,
BEWMTE (2=0.0~30.0imm]) TRHEEYILPLBEI 7TF ¥ XA VNDHN
HEHEND N Case-BOBAI VL HFEOMMSEENAE, TOFERITWE
BIEHRMICI2EELETHY, CORAFTAOBEVIAHEA~OHALERREL
IVHEM~OBIAMHOFTAD L VR AEPFEES LI EFNERLEELS
N3, 230, F—5 ARPBEYOHAICIZIHEYMIE TAKRFEFLE OGN
EHEL, BEYWTHE CRHEEY»LOHKE, BEP LB CEIEHAEY~RAT
B EERLTWAS,

4. 1. 4 HERERBATOXKFEFEIENR

UVPI X 2k EHFHEE RS A %2~ L7 Fig.4-2~Fig.4-3, Fig.4-5~Fig.4-6
CBWT, BEWEEMNICEETALHEY T (2=0.0 m]) BIUTHEY
T2 FHMO10mm] THOME (z=—0.01 (m]) KBWT, HE®R?HL
BEFTF XY Y ANVNOBOXKTEFHERLIFKEL, BEF 7 F ¥ 20D
LAY TF ¥ VANMNANOBHEYFBIZILIIZAKEFMERFFEL T
2, BEYTHTREFZLPLOMFEAANR LI VSHTBERELELFS S
b, BETAIREY 7T F Y Y ANEBHET T Fx VANVHOENEILLY
AKEFHANREREL, HEYTHL2S510mm] ERBICBVTE, 20X
BRKERNLFEL T DS,
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4. 2 BESAAERR
4. 2. 1 PFHEREIRKETOKRFERHERESM

HEY LS o05mm)THO LEHBEICBI S, By 7Fy XA VAG
HMFHIEE % Table IR T, BEY 7F ¥ VANVHAOFEYHEEIL, LY
TFXYANVAFHELAEOERETHZ (Fig.2-5, Table 8) . B2V 7+
XU ANVERER, EHEVESHF TRELEZERN R REIBEELREORE WL
f, & — % B J7100%(2400[W]), i & 0.8[m3/h]TH > Td, AOBED 5 H2[TC]
ENBL LR e ot, ¥, BEF TF v A NVAFFASE L AOERFE
WHEATIS[ClER Y, BEERELERER o7, HESHHNE (4.
1HZR) Ce—- Y HAOFECLVEEIRICEELEAPERL 2 o 2>
DE, COFEPRTIIICREEZEWRNE P oD THD,

Fig.4-7T.1~Figd- T4 TR TR ORBBREMARESH T LIZ, HEYHE
BIUEET 7 F ¥ VAVARLBT 2 HHORRAADBREL[C]2 SR
BELrREELEODVWTAKFEFRMTH (BEHDLERPS5mm]TH) 2RT. HH
REREMNOMUBR2 e - Y ETHERL (=+3P-D=40.5 [mm]) TEX
b L, x/L=0.0 IZFAEWLELTwEL-Y Y yRH27AL, xL=1.0 &
BREY7Fy FANVAOL -2y EEE2RT (Fig.2-458) , x/L=1/2 i
HEWLRBREY 7F XY ANVOEREL B, £72, Table 912, E— ¥ EH
(x/L=0.0) , HEYWE.LNE (x/L=0.167) , BT T7F ¥+ LV F NV LOER
THLHAZEWEE (x/L=0.5) BT ARABARANBESB[CISDEELR
EBERTo

MEYHNBOBRESMAIL, Fig.2 allRZRITMHEARAO NI N—ZF5 4 ¥ (Trl,
Tr2, Tr3) WKiE->T, e — ¥ LHEWELEOER (3x/L=0.0) TEENS ,
HEYOELNE (x/L=0.167) THEIEBE/AL2D, e—FEVEFyr v S
B (x/L=0.5) LBERTHIONTEEFLRELEEL2 Y, BEYDELEHEE L
DER (x/L=0.5) TEENETTE2LvwIEmMERLE., FERNORESSA
2EZDE, LI VRETCRENGL, BEYHLETHREENET
o FY v 7HCRe -V IZHEINTwEA-DELHNIVEERLER L,
BEYTF XY VANEOERMNECHIERERALEBLTVWE -, BURE
BETT 2, COEMEIEHEDESG TREEOEREBCIEVIED BN —HL
oo £, BHEDEZHILBVWTHBREARARESEMT 22/, BES
HFOEMEELLTLEFOBRENNSLSZVEAEYARERETL 2,
E— Y HHDEV40%EB X F100%2400[WDIKL L > TREOE T EIXE 2 5 48
BESAOBEMII—FK L7,

(1) FEYAREFRNLAGEHTIHOEE
(Case-Ak Case-B& ® H )

EHRHRAEYCase-ADBR &, BEYATORESIHIILBKYWEBR 204 &
AW, F—FAKHAEYWCase-BOBE, BEYAT TCoAIZM DL &
DEe&EL/, Case-BTUHHEYARICEBEZEL, HEWBRTL2EE
(SUS304, BHIZHEREKk =16.0[W/(m-K)], 300[K]) I W b BEEED/HAI VY
A (K, k=0.61[W/(m-K)], 300[K]) * HALTWwWE, T0%H, ZHEELI0%
(e=04) OR—-F RAFEHETOFHNBAFEERLZLUTICRTR (4.2) , (4.3) I
FORMBAEE, BIEH TH BCase-AL VL Case-BOFHFBEEYBEHEOE I
FERGIETT S,
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(Maxwellll®?l, Eucken!'!)
2k, +k, +28k, ~k -
=k, —L— AL, f)=2.73[W/(m-K)]
2k, +k - Blk, -k, ) (4.2)

p=1-¢
(Zehner and Schlunder(*?))

k, =kf,/(1—.s)-(:: }:3.26[141/(":-1{)] (4.3)
f
K2 [(1-76,«/&)3 h{ k, ]_B+1_ B1 ]

k, (1-k,BJk,) (1-k,B/k,) \kB) 2 (1-k,B/k,)

l—¢ 10/9
)
£

C=125 for spheres

=1.4 crushed particles
(ZZTiE, C=1.25)

LoT, E—FORBRIVPBREEOAIL > THEYNR~NEET R LT
1T, Case-BI D L HEEED L vCase-ADFN, E—YEHEBEERETT S
BYThHhis, LL, RBEEREIYETH Y, EHEEIICase-AD FFHCase-B
I hbBE{hol, Table QURT e — YV REBFLHNHMADBE LD
BEFTFOBRKEICEET A E, E— 7 HT40%,/100%L M CHESH0.8~
2.0 [m*h]iox LT, Case-ATI217.0~9.4[C]./40.9~23.1[C], Case-BTIZ
15.4~9.2[C]./36.8~225[CIOBEELRE L LD, F—F ARHFEWCase-BD
BL Case- Al Db e — Y ERHERBREFEI~10%ET T L IBERERLT,
2Fh, - ARBFEPYOHESIE, BELLIIABEAOMBICHEY
HEIZHKAEITEEL, FHRICIZGEHNRAFEELTWER I EEZRBLTY
Ao

(2) BEWICZA2HhoMloBE
(Case-B, D, ED KL E)

K—F ARBEEYWCase-B, BEF 7F vy 2NV E,DERERAL—-FE Y
MEry 7HOBEYWHEICHIER 2D 72 Case-D, HIEMEIERIZMZ
TEBEICLBAIERZE YN 72Case-ETHE LR, LM A 55[mm] T A
PDHNEBETORERZHET 5,

Fig.4-7.1~Fig.4-7.48 & U'Table 9273 & 512, BHEHHHEICHLEKRZ R
WHITAEFROFTENZ2HEE L7 Case-DB X 'Case-EQ F Y, AL % &
BLTWREWE— 5 ARBAEYCase-BICHAT, BEYNHE (LHEEH 55mm
THONMNEB) TORELRIEIKRKE 22, HE4IO%RDEBESH T, Case-
DéCase-EETHBELZHAEYARNBEELAALVE Loz, KEOBEMIZE-T
HED LBIPSBEHMOFEARD D 5 Case-DTIdCase-EL Y ETF LA, ¥
hht, BEYHIOERELIZHES T (Case-B) < (Case-D) < (Case-E)
ONE & 72 o7,

MEYHHOREVPEEDATOEHIIRITZTZE LRS-, Table 9
KR THED LTHE TCORELREEIZOWT, Case-BTOEELHA L Case-
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D/Case-ETCOmBELALDONELEZ 2, HEPYLET LIV VY EH
TldCase-BOBE LF IZxF L TCase-D, Case-ENBEELHEIR, —FoHE
EHEOTTREIEZ—ETEHLI2E/12E0RELAEEE 2, BIEHODE D
SV RELFEIEMNLEZ, ~F, BEYALOBELME TIE, Case-BOE
BEEAEIIRT LT, Case-DOBAIIE—EORELEHG T CEH.7TH,
EREALEES D Case-EQOHAIZIX, HELMH0.8~2.0 [m¥h]IZH L T Case-
BO22~6.1F0RE LA 2o/, REWHTE (B2 7F ¥ 2N EOR
F) CBWT, Case-DOBELTRE—EOREBELBFIIHLTIEIEZ—%T,
Case-BD F1J4.51%5, Case-EDHAIZIX, WE0.8~2.0 [m%h] T Case-BD 4.4
~66FOEBRELFZRLA, MAOMBICBWVTY, Case-D,EL b IZEEL
#Al1dCase-BI N b XKEL{, HEYHNE TRERELETLEEE LR DY Case-
EOFVFHEMBIER D ACase-DE YV I KRELBRELEF R L. BEBIEK
DHY (Case-D,E) /%L (Case-B) WI-oTHBELANKELELY, B
ERZ2LOAPEELFENSIL, LHHEHEALEEOS Y (Case-E) /% L
(Case-D) LE2HETHELEBEELRIICase-EOFHRKEw, 2Fh, kEFH
MENEBHARNRNSBEDRNBORHIIFESLTEY, KEFHEALIF K
EHFELTVE2, MARMBRICEIAEHNYDERFREOEMITE> THS <
%5

(3) BEYEREBEROEE
(Case-BB X UFCase-C& @ K &)

R=F ARBEDIE OV TEFRFEIKRFE Case-BE L85 E O Case-CTHE
b, rmEPH5mm] FTHFOMETCORES T HET 5,

Fig.4-7.1~Fig.4-7T. 412”7 L ) 12k im FE Case-BE & U EH L3 F Case-C
EHUHEYARBIUBEY 7F Yy A VARORESAOBEIZI—% L
TVaY, REOHEFNEIZIOVWTABLE, HEYLETLIAOL - Y EHE
EBIUHAEYASAOERE LR iZCase-COEFNRKE L5,

Table 9L THEWEHORE LR IOV, HEYLEET I - ER
ThDCase-COME LR IICase-BOBRELREICWH LT, —HBOoHKELEMEIIHL
BIT—ZTFHI12%EML 2. HEYHNLOELLE TldCase-BL 1§ 3 EY
4%RWML, BEH 7 F Y ANV LOBRTHAIHEYHE T FH40% D B
MEZ%RD, FWMERMCase-COHFELEMTEHCase-BL D LEFEFHITAREL
oz, TOEHELTE, EEEREZLELSEA2IEICED, BEYHT
TOWRRIFEDLY, KEO (2) THLP Lo "HEYHNILOBHIZES
LTwaARFRTRERGAIHFH Iz ThHoeE2005, Thbb, &
BEREROBVWER - ARBEPHARNOHABOBALEE 25 2, B
WAHASOBRESHRICELEBLRIZTI LR D,

4. 2. 2 MEETHREETOKESARES A
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Table 1 Correspondence of Thermocouple Positions.
Coolant
Location of Heater Coolant Temperature Temps'arature Heater
Thermocouples | Surface in the Blockage o Surface
Unplugged
Sub-Channel
Traverse Ppsitiont 71 |-3.3 0.0 4.6 9.3 13.4 [20.9 27.8 | 34.9
Upper TrU1 T8 T22 T21 T18 T19 T20 T15 T14 T2
Cross- TrU2 T4 Ti7 T21 - - T23 T24 T25 Ti2
section  Tp(J3 T3 - T21 - - T16 - T13 Ti1
L TrL1 B8 - B18 Bisg — B17 - B1l4 B2
ower
Cross- TrL2 B4 - B18 - - B19 - B20 Bi12
section  Tyl,3 B3 - B18 - - B15 - B13 B1

Table 2 Flow Effect of Blockage Condition

Status of the blockage

Case No. , Side Bottom Flow effect
Porosity Top plate
plate shape
Case-A 0% — — Flat No fluid in the blockage
Case.B £0% _ _ Flat Coolant flows through the
blockage

Case-C 40% — - Round Form effect of the bottom
Case-D 40% O — Flat Horizontal flow effect
Case-E 40% o o Flat Stagnant flow condition

Case-F -

In The Blockage
No blockage
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Table 3 Experimental Condition in Measurement of Flow Velocity.

Flow-rate Heater output
No. ‘ .
Run No Q[m?/h] P[W] Re[-]
F04P08 0.4 1440(80%) 1726
FO8P10 0.8 1800(100%) 3452

Table 4 Parameters of UVP in Velocity Profile measurement.

Maximum depth Maximum velocity Velocity resolution
fmm] [mm/s] [mm/s]
91 752 5.6
189 361 2.8
378 181 ' _ 1.4
758 90 0.7

(Maximum depth) =c/ (2:-Fprf)
(Maximum velocity) = ¢-Fprf/ (4-1)
(Velocity resolution) = (Maximum velocity) /128
Fprf . Pulse repetition frequency
f . Basic ultra sonic frequency(=4[MHz])
¢ : Sound velocity in fluid(1480[m/s], 20[TC], in water)

Table 5 Experimental Condition in Measurement
of Temperature Distribution.

Flow-rate Heater Power
Run No. Q[m®/h] PIW] Re[-]
Fo8Po4 960(40%)
I —— 0.8 3452
Fos8P10 2400(100%)
Fi2Po04 960(40%)
R — 1.2 5179
F12P10 2400(100%)
F16P04 960(40%) _
S 1.6 6905
FieP10 2400{100%)
F20Po04 960(40%)
- 2.0 8631
F20P10 2400(100%)
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Table 6 Comparison of Buoyancy Effect and Flow Disturbance
for Axial Velocity

1) Flow-rate 20%(0.4[m?*h])

Isothermal Thermal
H % 0%(1800
seire L ; Axial Velocity " ;at 0% AHeat 1?1 s (1800[W1])
ocation
ei1g ! Difference ver.age Standard verf'a\ge Standard
z [m] X [m] Axial L. Axial L.
& v [m/s] ) Deviation ) Deviation
Velocity [m/s] Velocity [m/s]
m/s
[m/s] [m/s]
0.005 0.005 0.192 0.014 0.187 0.013
0.01 0.01 0.006 0.189 0.014 0.183 0.013
0.015 0.001 0.050 0.051 0.049 0.052
0.005 0.012 0.200 0.014 0.188 0.013
0.03 0.01 0.0086 0.176 0.021 0.170 0.019
0.015 0.016 0.046 0.032 0.062 0.031
0.005 0.010 0.192 0.014 0.182 0.014
0.05 0.01 0.002 0.172 0.022 0.170 0.019
0.015 0.005 0.107 0.033 0.101 0.037
2) TFlow-rate 40%(0.8[m?3/h])
Isothermal Thermal
. . Heat 0% Heat 100%(1800fW])
Height L " Axial Velocity A 1 A p
g ocation Difference verfage Standard - verfige Standard
z [m] X [m] Axial .. Axial .
& v [m/s] . Deviation ) Deviation
Velocity [m/s] Velocity [m/s]
im/s] [m/s]
0.005 0.004 0.350 0.017 0.346 0.016
0.01 0.01 0.002 0.357 0.019 0.355 0.021
0.015 0.052 0.084 0.092 0.032 0.089
0.005 0.003 0.355 0.017 0.352 0.017
0.03 0.01 0.007 0.337 0.032 0.330 0.033
0.015 0.025 0.071 0.078 0.097 0.131
0.005 0.000 0.341 0.019 0.341 0.022
0.05 0.01 0.004 0.332 0.025 0.329 0.023
0.015 0.010 0.222 0.048 0.212 0.058




PNC TN9410 98-024

Table 7 Comparison of Buoyancy Effect and Flow Disturbance for
Horizontal Velocity

Flow-rate 20%{0.4{m?/h])

Flow-rate 40%(0.8[m%1])

Standard Deviation

Standard Deviation

Height Velocity [mm/s] " Velocity [mm/s]
mm
z [mm]  Difference 2 Difference =
Isothermal Thermal Isothermal Thermal
& v mm/s] & v [mm/s]
Heat 0%  Heat 100% Heat 0% Heat 100%
80.0 2.90 9.43 8.73 6.30 14.22 11.92
70.0 2.88 9.43 9.00 6.57 14.65 12.10
60.0 2.90 7.60 7.95 5.81 14.43 12.55
50.0 3.72 7.80 7.70 6.13 14.31 12.80
40.0 4.58 7.02 7.65 8.91 11.18 12.59
30.0 4.99 6.90 7.84 8.03 10.46 12.58
20.0 0.94 6.90 7.12 4.02 9.91 11.61
10.0 1.00 6.70 7.05 3.63 9.53 11.70
0.0 1.62 5.67 6.09 2.83 8.57 10.52
-10.0 4.00 8.91 7.68 3.52 14.29 11.43




Table 8 Coolant Temperature in Unplugged Sub-channel.

Heater 100%{(2400[W]) Heater 40%(960[W])
Blockage Flow-rate Unplugged o Unplugged o
Condition  Q [m%/h] Inlet Temp. Sub-channel AT[C] Inlet Temp. Sub-channel AT[C]
Tin [C) Temp. =Tsc-Tin Tin [°C] Temp. =Tsec-Tin
Tsc [°C] Tsc [°C]
0.8 25.1 27.0 1.9 25.0 25.7 0.7
Case-A 1.2 25.2 26.3 1.1 25.1 25.6 0.5
1.6 25.4 26.3 0.8 25.3 25.5 0.3
2.0 25.2 26.2 0.9 25.3 25.4 0.1
0.8 24.8 26.5 1.6 25.0 25.7 0.7
Case-B 1.2 25.1- 26.2 1.1 25.0 25.5 0.5
1.6 25.1 26.0 0.9 25.1 25.6 0.5
2.0 25.1 25.8 0.7 25.1 25.6 0.5
0.8 24.9 26.5 1.5 25.0 25.6 0.6
Case-C 1.2 25.1 26.3 1.2 25.1 25.6 0.5
1.6 25.0 25.9 0.9 25.1 25.7 0.6
2.0 25.1 25.9 0.8 25.1 25.6 0.5
0.8 25.0 26.4 1.4 25.0 25.5 0.5
Case-D 1.2 25.0 25.9 0.9 25.5 25.6 0.1 T 4T +T +T
. 1.6 25.5 26.0 0.5 25.1 25.4 0.2 v ALthLthL+l,
2.0 25.3 25.8 0.5 25,1 25.4 0.2 s¢ 4
0.8 25.4 26.4 1.0 25.4 25.6 0.2
1.2 25.6 26.1 0.6 25.4 25.6 0.3
Case-E
1.6 25.5 26.1 0.5 25.4 25.5 0.1
2.0 25.5 26.0 0.6 25.5 25.6 0.1
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Table 9 Temperature of Heater Surface and Coolant in Blockage on Upper Cross-section.

Heater 100%(2400[W])

Heater 40%(960[W])

Temperature rise®

Temperature rise*

Blockage Flow-rate AT=T-Tin [°C] AT=T-Tin [°C]
. 3 - -
Condition Q@ [m%/h] Hea:;lg:‘;tlgface be:ctlf;g(;f Sxds(zBolfJé)}ig(;tage Hea:lc_elzastlix;face Cb‘:;l:;:;gc;f Sldr(aBolt;(E)l:Zcélzage
/Blockage) {Coolant) /Blockage) {Coolant)
0.8 40.9 23.2 16.4 16.9 9.7 6.8
1.2 31.8 16.1 10.6 13.6 7.1 4.6
Case-A 1.6 26.4 11.9 7.6 11.5 5.5 4.0
2.0 23.1 9.8 7.5 9.4 4.0 2.3
0.8 36.7 13.8 5.3 15.4 6.3 2.3
1.2 29.6 5.6 3.2 12.5 2.5 1.4
Case-B 1.6 25.0 2.8 2.2 10.5 1.2 1.0
2.0 22.5 1.8 1.8 9.1 0.9 0.8
0.8 41.7 20.1 9.1 17.8 8.8 3.5
1.2 33.8 8.7 5.8 13.9 3.8 2.3
Case-C 1.6 29.1 4.7 4.0 12.5 2.1 1.8
2.0 25.9 2.7 3.1 10.3 1.1 1.3
0.8 45.2 32.2 23.4 19.5 14.8 10.2
1.2 36.2 17.2 15.6 14.7 7.5 6.4
Case-D 1.6 30.5 9.1 11.0 12.4 3.7 4.6
2.0 26.3 4.7 8.2 10.7 1.9 3.4
0.8 45.4 33.3 25.8 18.9 14.0 10.4
1.2 38.3 25.5 20.5 15.2 9.8 8.1
Case-E
1.6 30.8 156.6 14.9 13.0 7.1 6.3
2.0 26.6 10.9 11.8 10.6 4.5 4.7

*Inlet temperatures( Tin ) are listed in Table 8.
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Table 10 Temperature of Heater Surface and Coolant in Blockage on Lower Cross-section.

Heater 100%(2400[W])

Heater 40%(960[W])

Temperature rise*

Temperature rise*

Blockage Flow-rate AT=T-Tin [°C] AT=T-Tin [°C]
iti 3h - -
Condition Q [m?h] Hea:ﬁiftlgface g;’;‘:ﬁ;g‘f Sxd((eBolfxl:Iizc;l;age Heafﬁl;asttgface (;?:ctlf;gf Sld((eBcit‘;‘l:)l::(;léage
/Blockage) /Coolant) /Blockage) /Coolant)
0.8 24.1 12.9 12.2 10.0 5.4 5.1
1.2 17.3 8.5 7.5 7.4 3.6 3.2
Case-A 1.6 12.2 5.2 4.8 6.5 3.1 2.8
2.0 11.3 4.5 4.3 4.8 2.0 1.8
0.8 21.8 0.2 2.0 9.2 0.2 1.0
1.2 17.1 0.5 1.4 7.2 0.2 0.7
Case-B 1.6 14.0 0.1 0.9 5.9 0.2 0.5
2.0 12.5 0.2 0.8 5.1 0.2 0.4
0.8 23.4 0.2 2.4 9.9 0.2 1.2
1.2 18.0 0.0 0.9 7.5 0.1 0.5
Case-C 1.6 15.4 0.3 0.8 6.6 0.2 0.4
2.0 13.4 0.2 0.5 5.2 0.2 0.2
0.8 23.8 0.2 5.9 10.1 0.1 2.9
1.2 18.6 0.1 3.4 7.5 -0.2 1.3
Case-D 1.6 15.8 -0.1 1.9 6.4 0.0 0.9
2.0 13.8 0.0 1.3 5.5 0.0 0.6
0.8 22.9 0.0 4.9 9.3 -0.2 2.1
1.2 18.7 0.0 3.2 7.6 0.0 1.4
Case-E 1.6 15.5 0.0 1.7 6.4 -0.1 0.8
2.0 13.5 0.0 1.3 5.3 0.0 0.6

*Inlet temperatures( Tin ) are listed in Table 8.
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Table 11

Temperature on Heater Surface faced to Blockage.

Blockage Flow-rate
Condition Q [m*h]

Heater 100%(2400[W])

Heater 40%(960[W])

Temperature rise*®
AT=T-Tin [°C]

Temperature rise*
AT=T-Tin [°C]

Upper . Lower Upper . Lower
Middle Middle Middle Middle Middle Middle
0.8 43.0 45.4 37.1 17.5 18.5 15.5
1.2 33.9 34.2 28.1 14.3 14.3 11.9
Case-A 1.6 28.4 26.9 21.5 12.6 12.2 10.5
2.0 25.0 24.2 19.4 10.4 10.1 8.4
0.8 36.0 36.9 34.0 15.5 15.7 12.6
1.2 25.9 30.2 22.6 11.1 12.6 9.7
Case-B 1.6 19.9 25.1 18.4 8.6 10.3 7.9
2.0 17.0 22.8 16.7 7.0 9.0 6.8
0.8 45.3 45.5 29.1 19.2 19.3 12.6
1.2 33.8 37.1 21.9 13.8 15.5 9.3
Case-C 1.6 27.9 32.9 18.5 12.1 14.0 8.0
2.0 24.1 28.4 16.0 9.4 11.1 6.5
0.8 46.8 40.5 30.1 20.5 17.2 13.4
1.2 37.0 31.4 23.2 15.7 13.1 9.9
Case-D 1.6 31.2 26.3 19.3 12.4 10.2 7.6
2.0 26.9 22.7 16.6 10.8 8.9 6.5
0.8 46.4 42.2 29.2 19.5 17.4 12.3
1.2 39.8 34.8 23.9 15.3 13.7 9.4
Case-E 1.6 31.3 28.5 18.8 18.4 11.6 7.8
2.0 927.5 24.4 16.2 11.1 9.7 6.6

*Inlet temperatures( Tin ) are listed in Table 8.
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Table 12 Temperature Rise between Inlet and Outlet.

720-86 OIVENL INd

Heater 100%(2400[W]) Heater 40%(960[W])
Blocl?a.ge Flow-rate Experiment Theoretical Experiment Theoretical
Condition Q [m3/h] :
Tin Tout AT, AT, Tin Tout AT, AT,
0.8 25.1 27.6 2.5 2.5 25.0 26.1 1.1 1.0
1.2 25.2 26.9 1.7 1.7 25.1 25.8 0.7 0.7
Case-A
1.6 25.4 26.7 1.3 1.3 25.3 25.9 0.6 0.6
2.0 25.2 26.3 1.1 1.0 25.3 25.8 0.5 0.5
0.8 24.8 27.2 2.4 2.4 25.0 25.I9’ 0.9 0.9
1.2 25.1 26.7 1.6 1.6 25.0 25.7 0.7 0.7
Case-B
1.6 25.1 26.3 1.2 1.2 25.1 25.6 0.5 0.4
2.0 25.1 26.1 1.0 i.¢ 25.1 25.6 0.5 0.5
0.8 24.9 27.3 2.4 2.3 25.0 25.9 0.9 1.0
1.2 25.1 26.7 1.6 1.6 25.1 25.7 0.6 0.7
Case-C
1.6 25.0 26.2 1.2 1.2 25.1 25.6 0.5 0.5
2.0 25.1 26.1 1.0 1.0 25.1 25.6 0.5 0.5
0.8 25.0 27.2 2.2 2.3 25.0 25.9 0.9 0.9
1.2 25.0 26.5 1.5 1.5 25.5 26.2 0.7 0.7
Case-D
1.6 25.5 26.8 1.3 1.3 25.1 25.6 0.5 0.4
2.0 25.3 26.3 1.0 1.0 25.1 25.5 0.4 0.4
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Fig.2-8 Illustrations of Blockage Condition and Location of Side and Top Plates.
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Fig.3-1 Illustrations of Heater Arrangement for Experiment.
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Fig.4-1 Influence of Buoyancy on Axial Velocity.
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Fig.4-2(a) Influence of Buoyancy on Horizontal Velocity.
Porous Blockage Case-B, Flow-rate 20%{0.4[m?/h])
This figure shows the upper side of blockage and to be continued to Fig.4-2(b)
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2(b) Influence of Buoyancy on Horizontal Velocity.

Porous Blockage Case-B, Flow-rate 20%(0.4[m?h])
This figure shows the lower side of blockage and to be continued from Fig.4-2(a)

Fig.4
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Fig.4-3(a) Influence of Buoyancy on Horizontal Velécity.
Porous Blockage Case-B, Flow-rate 40%(0.8[m?h])
This figure shows the upper side of blockage and to be continued to Fig.4-3(b).



PNC TN9410 98-024

[ =300 fmm] | %’W%}/ )
= 8 [ L //y/?%//j ""”
2 % .//_é’ff}:é /%/ 7 %
E @ f .
Fd o P addd i, E: z;/" £
S et s.-.!'.'._.;g','.-!%% BLOCKAGE'
£ oo [T RPTSOVRE :
— 220 ¢ 0.005 0.0 ey i e |::,/4 e f;;}%y}'r "':;-'?;}:'_.;’1"/.;//’:
E 60 |}  Distance from the window [m] % . //6/%"/,; / gggf;ﬁ%
80 | —— Heater OFF 7 ,/‘"J;f/ ,‘.5"/_/
-100 L —fr—Hesnter ON 7 ,- %
.
2 =20.0 [mm] 7 7 ‘:’377" . ,/’{/7
A e, o z/ﬂ
680 Z e /ﬁz,;f’_:;’::"/,- /-’/,- 7
% @ L Distance from the windu.w [m] //%%24%
B 20 | pORRRCEr o '
'g 0 lredWA .‘i ..t:“;“-‘:‘:‘:l:‘:" ..‘..-.‘ - Case"’B
% 20 ¢ 0005 001 M-‘E{._"‘_ G %/ . Q=038 [m3/h]
IE ©r ——Heater OFF aa.“ %%%%g%%%
| ——Heater ON /%@ %{;} . . //,4
z = 10.0 {imm] % f",,,;, . . .
— 80| %/// // /f// .
..; j:: : Distance from the window [m) -7/% i
= LT3 %" .
> 20t e .'_‘:"-‘-. - /// A
.E ¢ YY) a I‘"‘..N"‘-‘:‘:-A- .-.. S 7
g 204 oos oo ol :" %
Pal .
= 80 [ —— Heater OFF ?’%
100 —f—Heater ON /’/
7
z = 0.0 [mm] %
80 F ,
@l .
L b

.

.
_ 'ﬁ;{' .
/

”“‘".‘l:‘ YYYw '“"“:'i' - ?// -{/—i // 7 % ///
1] -‘..-‘l 'lnl-_---l-‘.t".;; ...... b} “-"iq%//é%ﬁ/’z/, }/%
:z Distance from the window [m) i'g&% .

%// .

Holizontal velocity [x19° m/s]

—l— Heater OFF / / 7
80 | s / 7 //
100 L —#r—Heater ON f//% ///7/5////,;
)
I— z=-10.0 {mm) I i
- 8T
E 60
S 4|
I
= 20
E 0 TS v
= P 1 T
£ 54 o0ts 00 0015 '":':":'."!"""...'.HEF-".'.E-""H
y:] "Es-‘u;A.Q"ul-“‘-‘-""!!ls!'.,-
£ 40 | Distance from the window [m] LI T ] L -
2 0 |
2 s} —&—Heater OFF
BTN —2—Healer ON

Fig.4-3(b) Influence of Buoyancy on Horizontal Velocity.
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This figure shows the lower side of blockage and to be continued from Fig.4-3(a).
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Fig.4-4 Influence of Side Plate on Axial velocity.
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Fig.4-5(b) Influence of Side Plate on Horizontal velocity.
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This figure shows the lower side of blockage to be continued from Fig.4-5(a)
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Fig.4-6(a) Influence of Side Plate on Horizontal Velocity.
Porous Blockage Case-B and Porous Blockage with Side Plate Case-D
' Flow-rate 40%(0.8[m?%h])
This figure shows the upper side of blockage to be continued to Fig.4-6(b)
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Fig.4-6(b) Influence of Side Plate on Horizontal Velocity.
Porous Blockage Case-B and Porous Blockage with Side Plate Case-D
Flow-rate 40%(0.8{m?h])
This figure shows the upper side of blockage to be continued from Fig.4-6(a)
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Fig.4-7.1 Horizontal Distribution of Temperature
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Fig.4-7.2 Horizontal Distribution of Temperature
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Fig.4-8.1 Horizontal Distribution of Temperature
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Fig.4-8.2 Horizontal Distribution of Temperature
on Lower Cross-section in Blockage (z/H=1/12) .
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Fig.4-9.2 Axial Distribution of Heater Surface Temperature in Blockage Region.
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Fig.5-1.1 Horizontal Distribution of Non-dimensional Temperature Rise
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BaiToloRR, MR-V HMEYLOEMAT, t—% 3EHT 20[T]
DEOBREENROLCTF AW o7d, 4B T[CIULACRNEFVEESHD
WHEFEESIN, 862, e—-F A% 1800W]T—ZF L L, RBER
A®E% 2.0[m%h]A» 5 1.6[m?h], 1.2[m%h], 0.6[m%h], 0.5[m¥h]IC FITiRE
THEDOEERIT o7 (Fig.A2-1) o T/, BEAHTEARE 0.4[m*h]TEHE L,
L— Y HhE 0% 5 40%,60%,80% i LT THRESHTOHES T - 7
(Fig.A2-2) . TOHEE, RETHUWERBERIIFESR T RABLEMH(
— & 5 100%, W& 0.4[m¥h]) Tl -y REHRENBRLIC 100{C]% &
ARBLTREPELL, 22T, BEIAAERORBEELE T v — % B 100%,
HEBAERAE 04[m¥h]H» 6, & — % B 1440[W]J(B0%), HEBEHAFE A&
0.4[m*/h]B LTk —FHH 100%, AREBEEHEAE 0.8[m*h]D 2 ¥ —AIZEHE

L7, ‘
_Table A2 BESHMERRE
THARE v— s Hh
Q[m?/h] P[W]

0.8

1.2 .

16 1800 (100%)

2.0
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Heater 1800W(100%)

100 I I

95 '\-\ 0.4m*/h => 1005 °C

80 ~_
85 C
: -
70 -
y=11.2x% - 51.469x + 119,32

60 R? =0.9987
55

50

Maximum Temperature [°C]

0 0.5 1 1.5 2
Fiowrate [m®/h]

Fig.A2-1 b—/RXHERELREOLE

Flowrate 0.4 [m®/h]
100 I I

90 y = 0.0451x + 24.842

80 R? = 0.0998 /I—
70
60 o
50
40
30 ./”
20
10

1800W => 106 °C |1

Maximum Temperature [°C]

0 250 500 750 1000 1250 1500
Heater [W]

Fig.A2-2 b — Yy XERELHIOZE



PNC TN9410 98-024

853 BESTHRAEERIAR

1) RESEH

EFEHBEEY (Case-A) 2VWTHEYWAOEESTHWEL T, ¥RE
(E3mEE) TITohR -9 AHEY (Case-B) LHEYRNOERETA =
k&L, O, E1,2MNEETOERLEIE2AERMERD, X—3F
APBHEWTOREYAROBEIR/IPERHBED I VOB oz, &
@ 7%, Table A3-1 27”7 Case-A & Case-BEDEXFBELLZLZTHAIH L
ToLEMHItEEL, BRHEESRRERZT-> 2,

Table A3-1 BRUHBRRBROABREH

ATE v— % A

Q[m?/h] P[W]
0.8 2400
20 (100%)

2) BHEEOFMmAE

Case-A & Case-B I22WT, Fig A3-1 2T 7u—F v — MIHVWERE
MIBREBEZTH), 7, E3EEETCNEFELAA—SBGoT— 5L, BEY
ABIUH 7F vy P2 IVHBESHABERE -V (REJOREHZBTHELE
BE) LI ELEERRT L, A—LbANIZZVERE, TOTF—-Alow
TERBEGTCOoOFRBRTITY, BREZHEIE T %,

3) BHEUERBRESR

Fig.A3-1 |2, RAITHBOHEIZ, “EA L TNEZERLTERENT T,
BESAERY Fig A3 2 CHFEYLER CORETH %, Fig A3-3ILHEWT
MTCHBREN %, FigA3-4 WHEWLETHAL—JREOBHIAEEDTH
OHMBFEEBEESHERT. TOER, Case-A 20T, BESTHIBED L
B OBEEDWTHRBICBHIFHOVWFRIEIBWTLIEINEZONERRLE
B — B LEBEHEIRETER, Case-B LO2WTHEIHERBROEREE
), TOERERBICERMBEEDIDDIBEVCEEIH E 2o,
BHEERDEBROBREEZZII T, Case-B L2V THESHUEOFARE
Tole 20OFE, BEREMIABRBIVUE ] 2HEETOERLAKOME
MER L7 LoT, BE3MEETOHERLETIFIEL->THBY, Case-B OF
HUHIIBERBIUERBRERNFTE LW EHET L 2,

5) &

Table A3-2 125 1,2 HEE, £3 1, BREEEAABRSB LU Case-B @ E
SHENERRBOER2 I LD TR T, EPOEFRIAERES T19 ONUE
TOEETHY, TIO 2K —FIIHITNANMNEIILDD, HEDAOS
HMiEETHD (Fig.2.3 ) , Case-A TPH LTI, BI3I@DBLIUTHFEHKE
BEKBLLICALEZ2RLEEEINERHETEL, Case-B IZBHLTIE, £3
AEETORED Case-A ICHERTELL 2o72%, HEEEZRBELBEH B
HERIT—HLTBY Case-A JHNLEVWEELANVELR-, EoT, 1,
SREETORKRE L FBIZ Case-A L DD CaseBOFYHEPAREE ITIK
FTHaEmEmEdrtvwibd, (FEl120EETCORRLEIREETORER
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TEEOHEMNEIFIER--TwaArDlR, 1,20 E8THAIAMAORED 2
0C, £3MAEHRTIE25TERELRY, FIEEBIIALIWMICABRAOEE®
FToTWEdTHb, )

F— AKBAEYLTRVWLEESTHARRT, F1,2R0EREEIMERET
EaAEREL-o7ERIE, E3RMEETIREESHAUNEORMIC, F—F ZWKH
EYORBSAAEREREZ2ToTEBY, UVP/LDV S BOZEORE N F
(Expancel : ¥ F& 10um) PREPHRNBIIEALKBL2HESELRILD
2rEZOLNSE, 2O Expancel i34 V7 ¥ v HFAREDZA70Hh TV T
FORBRE)VY-Thh, TOHREERFIFERIIEV, B, F3HEE
CTHERL:FA—5 AKHAEY % Case-B, Case-D, Case-E OHEBEOH, BF
Woer L2 ZA5HEL D Expancel i L7z, Case-D, E OF#MTH
Case-B THWAZFA—OXR—-F ARHAEPLZHERLTEY, REFHAICOVT
b Case-B EREBOEBIFS L0, NEFrHBELTWITREE S L, Lo
T Case-DLEICOWVWTHIBRBRETOLEXD 2 LHET L 72,

AWICTEMMTEE LDlE, Case-B, Case-D, Case-E iZ2oWwWTHERE
BOEFELTHVWTWVDS,

Case-A(FBIRH) Case-B(FR—32R)
FEEEEEE BIRMNRERHE

WEDT—F

lh:ﬁ:'&@?—’i‘ Yes
($3EEER) & (F3EEE) & BEEEHY ‘
Bl ~JE =LA

No :
Case-A Case-B
2EHEEST eEEREDH
HEEHR RIS

BEDT—E
(;BSIEIEE)&:

BEOTF—F
(%Sliliiin}t

BREHY
BAEZIZED
BEHY

BRERY
HAERIZLD
REHY

E3MEEOBEELR Case-A&Case-BT

i B A RA R LL

Y
[ BRELHY(EERIH )

27—R, 254
BHBOGHES
(RBREBOHRED)

Y

____________________

Fig.A3-1 BRAEFMO 72 —F v — }
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Table A3-2 FREBEOEENZE®E
BT — A o _ T -
_ g  BRi& HHER
RS | 40% | 100% | 40% | 100% | 40% | 100% | 40% | 100%
Case-A o 50.00 | 36764
() 49C SSC“‘%&% 36.67 EiEL 3
EEa 43:877)732.40 | 47.32 3181
Case-B ' //[: BrREEDRR
(F—3 | 39C|25CT | 64.03 | 4581 s o EEZEE| B, F2mE
A) \~m..w/<\t EE—% | EEREEE
\‘“\'*'-m..* _:_..;b s
Case-A t , i
Case-B & | Case-A M J7 2% | Case-B D H 4% | Case-A O e-A OHH
ORESH| BEFEV BEFE W e }?‘x;gu'% BN W
*xERORREER, REMEST1INVEE (Fig.2.35 )
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Temperature [°C]

8.0
75
70
65

—O—Flow 40%( &3 EEE)
— 48— Flow 40% (B R EHEERE)
—A—Flow 100%(E3EESR)

60 ~k-—Flow 100%( BRI RDHE)
95 Heat Power
50 100%(2400W)
Case A: Solid blockage
45
40
35 LN
30 B —#ZERL, BE
EAEEShT,
25
0.0 0.2 0.4 0.6 0.8 1.0
x/L [-]
(a) EIHHMEAZEWY Case-A
80
Efﬁfiﬁﬁaiﬁ. | —DO——Flow 40%
70 [\ [PRBEGCERIEATH | _a - Fow 4oM BREMZRE)
65 | - | oo Flow 40%(BHE)
" | —A—Flow 100%
— 60 N | - —Flow 1004 EREEZRR)
o.f"_, --+-- Flow 100% ( B E)
g 55 / ,
= ]
® 50 } |Heat Power 100%(2400W)
4 Vi i Case B: Porus blockage
§ 45 : -
- 1
40 |\ ~
\\
<1
\
30
25

(b)

0.4 0.6 0.8 1.0
x/L [-]

R—F7 AKMEY Case-B

Fig.A3-2 HEMIHICBTL2EBESH

- 82—
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Temperature [°C]

Temperature [°C]

80 prrE R T FLU
R iSRS R B N 3 : . lD
55 | — ——Flow 40%( E 3@ &)
n [BL—EERL B | o i
\ B AEEEh]-, - —- - Flow 40%( HREEZSAE
50 5 \ | —A—Flow 100% (3@ &)
. ——h—Flow 100%( EEEREIRE)
45 3
! |Heat Power
t 1100%(2400W)
40 - E Case A: Solid blockage
35
30 —
25 —=
0.0 0.2 0.4 0.6 0.8 1.0
x/L [-]
(a) EIGHEBEZEY Case-A
60
55 ——Flow 40%
— -~ Flow 40%( ERHEREZHE)
--¥-- Flow 40%{ B & E)
50 . —A——Flow 100%
' —A-—Flow 100%( BRERZRR)
45 L - Flow 100%( BERE)
gg;ffaﬁﬁ;wﬁ ! [Heat Power 100%(2400W) E
40 i TR : .
Lt E Case B: Porus blockage ¢
3
35 n
\
X
30
25 PERER-SY 34 ol 1| G L= AL L Py
0.0 0.2 0.4 0.6 0.8 1.0
x/L [-]

(b) F—F AIRBEEY Case-B

Fig.A3-3 HEYTHLEBTLIRETH
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1.0
| —O—Flow 40%(#E3EELER)
0.9 [ _g_Flow40%(EEREIRR)
| — =k —Flow 100%( BRIERRREK)
07 |
Heat Power 100%(2400W)
0.6 [lCase A: Solid blockage
Lo05
T
N
04 BL—¥ZRL, BR
HMEERIN,
63
0.2
01 r
0.0
0.0 20.0 40.0 60.0 80.0
Temperature [°C)
(a) EIGHMEIZEYW Case-A
1.0 —o— Flow 40%
— o —Flow 40%( BEERRRR) .
0°9‘, — 4 —Flow 40%(BER®) /l n
0.8 —o—Flow 100% M "
i o —Flow 100%(ERMRERE) | / .'4____ o
0.7 ——o—Flow 100%(ERR) [ H
« &
—, 0.6 [|Heat Power 100%(2400W)
L Case B: Porus blockage
T 1
= 0.5
N
04 | ﬁfﬁﬁﬁ?ﬂﬁﬁ.
BRBELICEEST o
03 |H—EL]. I
"
0.2 I ;’p’
I
i
01 1 &
0.0 7
0 20 40 60 80
Temperature [°C]
(by K—7 AR ZEY Case-B
Fig.A3-4 HBEPLETIC - YEEOEMAMEmEDTH
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T84 FEHHREZEFORERFTF

K-S ARAEWOFVNBRETERELLT, X4, 2HILTLER (4.2)
BIUR (483) 2 BT LK A4-1DLH IR D,

& (4.2) B, ERESFOSHE T Maxwell 2L o THBENRZ-BEAGEOEFY
fx%$’2"}€&5%—ﬁff)h Eucken Lloffxéﬁ'@ﬁ}ﬁb‘.%%ﬂ_\ihf o =D
AT, DAERPRUUEEEOI L AN FFIBLTEELRAARER
LTWwWAHE2EEL TS, 2FLE(10],[11]THE, X (4.2) BUTo&
IR ERTWB, '

2k, +k, +26(k, k)
’ 1 2k, + k, _:B(kz _kl) (A4-1)
B=V, 1, +V,)

CZT, kREEF, VIgFEzRAL, FF1EIREAPOEREE2TFTL, BF
2IEBEREFIIOE LTI FERLTWS,
ZOD‘E%%W@FJJ%EL::E%T%?:&H:, EEFNTHOEZER*ERMETH
HIEE (fF 1) LR L, BEYZHEBETL2EEHRNF*oEHETH B E
%ﬁﬂFblﬁ}%kLTﬁE’f%ﬁ? (IBF2) ETB, 2Dk E, LEHOR
ERPIIEINLIZRORBBORIFERE:THE2 6L, n (A4-1) O i
ﬁﬁ$au¥iﬂ ﬁ ].Ekj:f%o
A, (4.3) 2R T Zhener DA TR, ZEENFI1IDILVIZOEFETEINRER
Th, £2oT, BETIH, —HWIZHALRATWwER (4.2) 2HWTHEDH
Eﬁ$%ﬁﬁ§%oto
FA4-l BEPECEROBEERENE
Fluid Solid Porous Blockage(e=0.4)
T;‘g]p' (Water) (SUS304) k, [W/(m - K)]
kK[W/i{m-K)] kJW/(m-K)] Eq.(4.2) Eq.(4.3)
10 0.58 15.98 2.62 3.17
20 0.56 15.99 2.69 3.23
30 - 0.62 16.00 2.74 - 3.28
50 0.64 16.06 2.84 3.36
70 0.66 16.14 2.91 3.43

90 0.67 16.24 2.96 3.48




#F A2 BRHEPEATORYACFERERB L {52
L— P EVERARE Ty BEFTTF Y Y A VAFEHEHHEE T
Heater 100%(2400[W];50[kW/m?])

Blockage Flow- Average Fluid Solid Porous Differential Coef. of Heat
Condition rate Temp.*1 (Water) (SUS304) Blockage Temp. Transfer
Q[m3/h] (Tw-Te)/2 [C] k(W/(m K)] Kk, JW/(m-K)] k [W/(m-K)] T Ts[C] h[W/(m?-K)]
0.8 53.7 - 16.07 16.07 39.1 1278.0
Case-A 1.2 46.4 - 16.05 16.05 30.8 1623.7
1.6 42.4 — 16.04 16.04 26.5 1957.3
2.0 40.6 — 16.03 16.03 22.1 2265H.2
0.8 45.9 0.636 16.05 2.82 35.1 1421.7
Case-B 1.2 41.5 0.630 16.03 2.80 28.5 1762.5
1.6 38.7 0.627 16.03 2.79 24.1 2070.1
2.0 37.8 0.625 16.02 2,78 21.8 2290.4
0.8 50.3 0.641 16.06 2.84 40.1 1243.9
Case.C 1.2 44.8 0.634 16.04 2.82 32.7 1529.2
1.6 41.6 0.631 16.03 2.80 28.2 1772.5
2.0 39.6 0.628 16.03 2.79 25.1 1991.6
0.8 59.3 0.650 16.09 2.87 43.8 1139.4
Case-D 1.2 50.9 0.641 16.06 2.84 35.3 1414.8
1.6 46.2 0.636 16.05 2.82 30.1 1661.0
2.0 42.5 0.632 16.04 2.81 25.8 1939.0
0.8 61.0 0.652 16.10 2.88 44 .4 1125.3
Case-T 1.2 54.9 0.646 16.08 2.86 37.7 1323.4
1.6 48.4 0.639 16.05 2.83 30.3 1650.0
. 2.0 44.7 0.634 16.04 2.82 26.1 1914.5
1 HEWHR X v v 7THESHNHEE T,

¥20-86 OTPENL INd



R AL-3 FZHEDEHTORYNREERE L P {EER
E— S YERMBE Ty/ B2Y7F 2 3 VNFEHEEHEE T,
Heater 40%(960[W]; 20[kW/m?])

Flow- Average Fluid Solid Porous Differential Coef. of Heat

(];?lofil?:'ge rate Temp.*1 (Water) (SUS304) Blockage Temp. Transfer
ondition QIm3/Mh] (Tw-Te)/2 [C] k(W/(m-K)] k[W/(m-K)] k[W/(m-K)] Tw-Ts [T] h[W/(m?-K)]

0.8 36.9 0.625 16.02 16.02 16.3 1227.4

Case-A ‘ 1.2 34.2 0.621 16.02 16.02 13.1 1525.6

1.6 33.0 0.619 16.01 16.01 11.2 1776.7

2.0 31.1 0.617 16.01 16.01 9.3 2147.3

0.8 33.9 0.621 16.01 2.76 14.7 1356.7

Case-B 1.2 32.0 0.618 16.01 2.75 12.0 1665.6

1.6 30.9 0.616 16.01 2.75 10.0 1989.0

2.0 30.1 0.615 16.01 2.75 8.7 2300.7

0.8 35.6 0.623 16.02 2.77 17.2 1163.8

Case-C 1.2 33.2 0.620 16.01 2.76 13.4 - 1490.3

1.6 32.3 0.618 16.01 2.76 11.9 1676.7

2.0 31.0 0.616 16.01 2.75 9.8 2046.1

0.8 39.9 0.628 16.03 2.79 19.0 1052.7

Case.D 1.2 36.0 0.623 18.02 2.78 14.6 1369.7

1.6 33.6 0.620 16.01 2.76 12.1 1647.7

2.0 32.2 0.618 16.01 2.76 10.5 1901.9

0.8 40.0 0.629 16.03 2.79 18.7 1070.2

Case-E 1.2 37.0 0.625 16.02 2.78 14.9 1338.5

1.6 35.1 0.622 16.02 2.77 12.9 1551.7

2.0 33.2 0.620 16.01 2.76 10.5 1901.9

¥ 1 BHEPATY v v 7HSHMEBE T,

¥20-86 OTFENL ONd



