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Steady-State Thermal Hydraulic Analysis and
Flow Channel Blockage Accident Analysis
of JRR-4 Silicide LEU Core

Masanori KAMINAGA, Kazuyoshi YAMAMOTO
and Shukichi WATANABE

Department of Research Reactor
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokat-mura, Naka-gun, Tharaki-ken

{Received August 12, 1996)

JRR-4 is a light water moderated and cooled, graphite reflected pool type research reactor using high
enriched uranium (HEU) plate-type fuels. Its thermal power is 3.5 MW. The core conversion program
from HEU fuel to uranium-silicon-aluminum (U,Si,-Al) dispersion type fuel (Silicide fuel) with low
enriched uranium (LEU) is currently conducted at the JRR-4,

This report describes about the steady-state thermal hydraulic analysis results and the flow channel
blockage accident analysis result. In JRR-4, there are two operation mode. One is high power operation
mode up to 3.5 MW, under forced convection cooling using the primary and the secondary cooling
systems. The other is low power operation mode up to 200 kW,under natural circulation cooling between
the reactor core and the reactor pool without the primary and the secondary cooling systems. For the
analysis of the high power operation mode under forced convection cooling and the flow channel blockage
accident, COOLOD code was used. On the other hand, for the analysis of low power operation under
natural convection cooling, COOLOD-N2 code was used.

From steady-state thermal hydraulic analysis results of both forced and natural convection cooling, fuel
temperature, minimum DNBR etc. meet the design criteria and JRR-4 LEU silicide core has enough safety
margin under normal operation conditions. Furthermore, flow channel blockage accident analysis results
show that one channel flow blockage accident meet the safety criteria for accident conditions which have

been established for JRR-4 LEU silicide core.

Keywords : Flow Channel Blockage Accident, JRR-4, LEU Fuel, Plate-type Fuel, Research Reactor,
Siticide Fuel, COOLOD, COOLOD-N2



JAERI-Tech 96-039

1. = T T T Lt A L TR E L LR L LR LR LR R LU REELE RARMRCRRLLLITLIIEILE 1
D JFLEEESE ORETE  eeerrrerneee e 4
3 IEL BT ERAT  creeeeeeeseree 7
3.1 PO EBELBARIIEIEE  crerererrrrr 7
G0 EEEFITEE reeeeesreeennee it .
3.3 BADEEIEVDBIKEREL e 7
T4 FEARIHTEME  ceereerreeesorere e 18
T.5 B3 SMWEHF L EE BUR T RAT -veeermremrmessssss s 2
3.6 BHFRE. FOATRE. BFEHA/ST A= 5 BT e 2
3.7 BEF0IMWERIERS RO BATIERAT oo 29
7.8 BEAEESEEOETIFHEDINT A= FIRET e 29
4. JROTUERBBESTEHIIRAT  cooveerormeosree s e 14
4.1 BFORERB T IT OV T  eveerrerrrorea i 34
4.0 EEREROHETHEME e 14
4.3 POEBRHEEHEMICHOVTELRSEM 14
4.4 AP RERERZEIERBEAR  ceeeeeeeeresenie e 35
5 ik T L LT T T e LR L LA L LSRR LR LA EL RIS 41
B BB eeeeeeeeeeeeeeere e e 41
TR YRR coeveeeeeseeere e b L 41
fH52 A J RR — 4 BiBHEIPG & O THMBRBREOE NI DT s 42
5B Dittus-Boelter® RO PEIT DU T woevrereesssisinsis st 53
$52C  Bergles-Rohsenow DR AIMEIT DUr T weeveessmsnssesmsssimsmssisis e 54
342D Collier®FL@BEEMEIZ DU T e e 56
(43 E  DNBHEGEEA AR O EHIEE D DVIT  corvreremrermrsst st 57
4 F DNBHEFFEHERBEREONR—RA LG o TR AHAEERIIDWT e 60
432G IFOADRBIEREAOT QT YPEIT DU T v 67
143 H T 8B L BGEEOBBIZ DN T 71

il



JAERI-Tech 96-039

Contents
1. TNEEOTUCKHDIT  eeveeernenrnsnsnsnsanennscmmereamensesisetistsssssssssssnrnesansnersnssnsreniemtseisssisssessenses 1
2. General descriplion Of NEULTOMIC dESIZN  «+sxsrerarerteretmrarirmirr e 4
3. Steady-state thermal hydraulic analysis —««eeesveresrerrrimmnssmmniiiiii 7
3.1 Thermal hydraulic specification of the TEACIOr COME  «evverarrrarrriartrarnintrrre i 7
3.2 DIESIZN CTILETIA  +=+ereesreersrerrmmmmmmecm sttt et st e s ae e e e e s e st e e r e rn ot e c bbbt s 7
3.3 Hot channel factors for thermal hydraulic design ««sssesreerrsruersrsrenrrrasmnreseni e 7
3.4 Major analysis CONAIHONS  +errrerersemrereustiaie sttt e bt 18
3.5 Steady-state thermal hydraulic analysis at 3.5 MW «orerrernmennnmennnnn s )
3.6 Primary coolant flow rate, core inlet coolant temperature and thermal power parameter analysis 22
3.7 Steady-state thermal hydraulic analysis at 0.2 MW under natural convection cooling «+«-«+«---- 29
3.8 Thermal power parameter analysis under natural convection cooling  «erreereenrreniacrnaeennn., 29
4. Flow channel blockage accident analysis  «eesreeserseererrarrmmaiesstiiiiir e 34
4.1 Description of flow channel blockage accident «rveeseessseasrsseassnrmmrereisi e 34
42 Safety criteria fOr ACCIABNE «revreermsrmsrms et e 34
4.3 Major analysis conditions for flow channel blockage accident «-«sveerrreeerocerrmacrsmerncnin 34
4.4 Flow channel blockage accident  «esssererrrrnmsessinenenes S oA 15
5. CONCIUdIng REMATKS < eersersrenemansmmnssittmns i s o sttt bt h s e st 41
ACKTOWIBAZITIEIILS  ---+=+ s nemsseererntsstttetttnt st e et nase s ss s s e st e et s e n st s et ra et bttt s 41
RRETETEIICES  +eevenrerenrannnranannnnmassssssssssssssennnesssssnstonsssssrsrsnssnstbotssssesetnsmomaitmnssssmressesens 41

Appendix A Difference of engineering hot channel factors between JRR-4 HEU core and JRR-4

LU SIlICIAE COTE  ervrenresrnrnvrmssstorssssnsssnsnnsanasesssasnorssseramistisseasnsssossnsinnses 42
Appendix B Applicability of Dittus-Boelter correlation to JRR-4 thermal hydraulic analysis —-««-- 52
Appendix C  Applicability of Bergles-Rohsenow correlation to JRR-4 thermal hydraulic analysis  --- 54
Appendix D Applicability of Collier correlation to JRR-4 thermal hydraulic analysis «-oeeeereervee 56
Appendix E  Applicability of DNB heat flux correlation to JRR-4 thermal hydraulic analysis «-------- 57
Appendix F DNB experimental data for development of DNB heat flux correlations  «--eceseeeerreres 60
Appendix G Appropriateness of core inlet maximum coolant temperature, T O T 67
Appendix H Relation between uranium density and thermal conductivity of UsSiz  errreseesseeeerenne 71



JAERI-Tech 96-03%

1. #3

B DIRR-41L. BB ERED T T T I 27 LEEMRIRRE (EMTRED &l
FrdRokiEk - BEID AL L LS VBIE T, AR AL MWTH S, HHIB7E6H
KT WRERM HICERE S S I, TOBREFFERE, WERE. SRR, £
B S DB A AT THEAT . IBM40E1 28 B IR L ER U foo IBASIEI0R IS
4. eEFBHEEH O 7o DB 15 M FD2.5 MWH 53.5 MWIZEE L. 4 H % T304
NI - TREDDERICEL 31, ERER . PEER. FTEER. BEMER
FEAER . RIBE., V) I VHBESO NP7, BFFRMED O OEEEFL LM
ANTE7,

U Ly BEAHRBOECR I & 2 MR e B LA . BT fk 5 TR B O FH b
XS ICHERT DS - EEALICHIET B DITIRRAE RO ERLRETLY
L B AT O/NEN D OF) { BFRF E LT, £RIRRIMOHISGEF & L THHEORE
VNI A Fo O ICIRR-4DEHE ATl X 3172,

JRR-4D O E . BAERER U T A BT 5 RERDYS A AR, (OBREHRH
AL, (QEFIEEROER. QFMRMORMEMETIT) Z & & Ly FHIFERID
JE AR A ) LR OGBS [E B A F B T AR TH Do Table 1.1.1ICTRR-4BGE
O EART

(1) MR B IRiL

BB DM BRI, A RANICHEEROERSE L. BREERONETHE

AEEH T OBEEAHEDI%N 520% KM (19.75%) CEETHHDT. R

M AET S LTIV T LEERE (T4 BB how sy arsmib

T o ASBBISEEE (LU KRB IEET L AHTRIIRUBIRZED T

RV

(2) [HEFIFREER D # i

JRR-AJE TR ORAG 1L, BSOS R A HT 2 FRI0EELBORMEEE

ARSI ). BREOBESAELERE U TES. #ESLHEL TS, B&KNIC

2. BETFE7—AOHK, IRGHIRES., SHUSEBSESOEN. TR ECEF

HE - BROBBEEERET 5.

(3) FR RO

FIH RO L. JRRIMOFHRE L OB TEREH D, FIHE~OY -
2= KR MORBEN SAEIE T I EEERETSH, JDH, EBR

FHOBHAL. BEALICHETE 3 X 5 IJIRRADF HMFEFER DKk FER. RIBLE

Hs A EEGEHARGHE T ERORE, BREBHUIE (1T RPHE-FHIEHE

I L ABIEEE) Ofzp0) F¥ o7 ZRBHBOEE. ABBHAMOHOAO

BEHRERET S,

PLEDBAEES SN T BIRRABGESTHEOBMENTH 5,

AIERT, JRR-AULEHD—BR E L TEM LU CIRR-MEEE Y 5 (LEU) Y U1+
BREHF LD F D EEBOR AT E RIS DN TR LD TH B, JIRR-4 U o NREHE
DNEEHOK TR, UFICRTREBICDWTIRT Uiz, o, FORBHAESENCE
WTiHE. Ry b F v RV L RBOTEEMAE S RE LT L7,

FLE B EIK TN GREITEEREIR
© B H3. MW, 1 IREBHRK RS /min. 70 A DM RIKEREZ0°C
(NR—Z2r—2)



JAERI-Tech $6-039

@ B I3 5MW. 1 IRGEBRF RS~ 10m’/min. F0A DKEIKIERE40°C
(URSENRITER ST A — 7 D)

@ BH A3 5MW. | IRGEIRE RS /min. PO DB EIKIEEIS~50°C
(RO A DS EIKIRIE N5 A — & 7T

@ B N2.5~5.0MW., | REHFRIFREm /min. F.0ADBEIKIEE40°C
(EH /35 X — 7 18T

FE R BRI (BARTEERMHIRE)
© #Hio2Mw., F.OA OBEKIREE40°C
(N—=AAr—2)
2 BHJ10.01~0.5MW. FOLATTEEIKREE40°C
(B 1135 A — 7 B7AF)

SR I B ZE O
Fyw FFY RN ] BEBROTELAE
EH 3. 5MW. 1 IRBEIRFESm /min. F.0 A LDBHIZKIEE40°C

RIS B E R A S e TE IR A1 O T, SR = RO RF 22
K 18 7 — FCOOLODP% . EISRTEER IS 215D FHT Ti3COOLOD-N2OV % T AL
oo



JAERI-Tech 96-039
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BED BB A ILT 700, FORBRUSIHBOREICDOTERL, HASH
SHEAT D, BEGERTOHA2REFOBRAIMAETable 21210577
(6) BB
FVEBT— FEAOTRERREICRBEEZEEL T, RHEROTHREEN
S0%ARBA O D IR EIT D,

Table 2.1.1 Neutronic characteristics of JRR-4 LEU silicide core

Initial core Homogeneous-Equilibrium core
{Burn-up 14%)
Excess reactivity (% Ak/K) 10.4 5.4
One red stack Margin (% Ak/k) 2.8 B.5
Control rod worth (%Ak/k)
(a) Total rod worth 18.2 20.9
{ b) Rod worth (max.) 4.8 4.4
Reactivity insertion rate (% Ak/k/min} 1.0 1.0
Reactivity coefficient
(a} Moderator void coefficient (% Ak/k/%void) (-3.3 ~ -8.4) x 10" (-2.7 ~ -7.2) x 10"
(0 ~ 50 %void)
(b) Moderator temperature coefficient (%Ak/k/°C) | (-2.7 ~ -4,B8) x 107 (-2.4 ~ -3.9) x 10
(27 ~ 150 °C}
(c) Doppler coefficient (% Ak/k/°C) (1.9 ~ -1.3) x 10° (-1.8 ~ -1.3) x 10"
(27 ~ 400 °C)
Kinetic parameters
{a} Mean lifetime of prompt neutron (s) £ 546 x 10° 6.02 x 10°
{b} Effective delayed neutron fraction (-}, 7.26 x 107 716 x 107

Table 2.1.2 Hot channel faclors from neutronic design of the JRR-4 LEU silicide core

Factor

Hot channel factor from reuironic caicuiation ' 2.68
(Fa=Fa~Fi-Fe*Fz)
Radial peaking factor (Fg)
Local peaking factor (F¢)
Uncertainty factor (Fg)
Axial peaking factor (Fz) 1.61
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Fig. 2 1.1 JRR-4 LEU silicide fucled core configuration
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Table 3.1.1 Major thermal-hydraulic characteristics of JRR-4 LEU silicide core

Item Forced convection cooling Natural convectiorn cooling
mede mode

Thermal Power 35 MW 0.2 Mw-
Average power density 44 kW/£ 25 kW/¢
Primary coolant flow rate 8 m*min (132.3 kg/s) 4.7 kgfs
Core inlet temperature (Max.) 40 T 40 C
Average core outiet temperature 47 °C 52 C
Core inlet pressure 1.84 kg/cm®abs 1.90 kg/cmPabs
Total heated area of the core 24 m? 24 m?
Average heat flux of the core 15 W/em? 0.85 Ww/icm®

3.2 EIHE

JRR-4DBIEHE LT, ARH SR M B O R LRI B O TREHRE DR
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fli%Table 3.3.202°F e & LFEMETOFEIIDWTIE 333 Rk L7 RE EFN
F(F,)DEE ] LIRIZAT,

Table 3.3.1 Fuel specification for calculating engineering hot channel factors

Fuel specification Memo

14.57 * 0.28 (Inside)
7.29 * 0.14 (Outside)

Name of factor

Uncertainty factor for U-235 content per fuel ~* 2.0%
plate (Fre)

Uncertainty factor for U-235 distribution  (F4) = 15%
Uncertainty factor for fuel meat width (Frw) 62.8~68.0

Uncertainty factor for fuel meat length  ([p,) 600 = 10
Uncertainty factor for flow area (Fca) 410 + 0.2
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SERRICESO T, BEERAOFERE S RNIEDOEE &5 L0.935TH b,

1
Fe (mico) = 0.935

() F & VB HEFFC macr)
FOHRDTREBEDfiIL. JRRAE v 7 T v THBRBROMNEMICESOHT, FLek
T LR EEOTARBREBEHEROKROR/NMEEDLLE E L £0952TH 5.

1
FC (macro} ™ 0.952

(N F v FIRBIRERF(F
e =1Ig (micro) x I (macro )
= 1.070 x 1050
= 112

= L070

= L0350
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@ HEBMEHEBEZERT(Fo)
MM AMBEL DB LT B EEX CRRNSHBRABY 5, RE
FEAEEE—FEETLLEIEDT S, IS ORFRENBRROKE S EEIRK
THbLELTRDEDIKD S B,

2
APGC)\'V
De

3/J% =2 - log(Re - V& )-0.8 (Karman-Nikuradse® %) & ¥

Re = 2 x 10* ~ 10° T
1

A ox Re¥

(De i V)o,zzs
1
oom Vs
AP = De T petss
: : .-C.'\
AP . A% (kg/m?)
A C BEEIEREE ()
vV . iR (mv/s)
De . EfIKTERE (m)
De =4x MEEE a1l bES
AP—EL S
Vo= De(].693

IR AT R EEZ 5 &, MERBAPEL LTRSS RITREEE
ST,

Ao« De
- T.
G x4V x D
ZZT.
G D REIM I E (m/s)
A . REMTE AR (m%)
1693
Foq = [%"ﬂ]
De )
T,

De(nom) : %fﬁﬁfkﬁﬁ%ﬁ@é}ﬁﬁﬁ
Deguny /K HERD R/ ME

Deggory  4.10

-2 1051
De(giny  3.90
Fpy = (105" — 109
=(0.051) / 3
F}- -1+ 3 -0y = 1051
a, = 1.693

1
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@ RIS ERTF)
WEOFHEEL, REFHOHREHIBWT Es%IZH 5, MBRIBKBETHRRLL
[EhZEICESL,
G xA-Va JAP

Z 2T
G . EREVE A (m/s)
A : R M AR (m?)
vV . i (m/s)
AP D 1% (m)

Wo T, MBRENZOELBICIAT S, TOBRELHAETH 5,
Fg = J1.05 = 1024

Glg= 0.024 / 3

Fj=14+3 0}, = 1024

3y SNV SRE LFRETFE,)DE

HEOHBEFEHNT L BE LRRTA23HET S,

vz
£y -[1+{(3 ' U’p)2+(3 : U’Fc)z‘f(aj "3 0’m)2+(3 ) G,G)Z} :‘ Ee Eywr

/2
={1+{(0.05)Z+(0.02)2+(1.693 x 0.051)2+(0.024)2} } x 112 x 1.0

= 124

334 T4 VARE ERERTE)DIE
1) FEBUA-F
O BHE L ~IVEERT(Fyp
AL VEHIEZR. SRENTH LD THRE L AIBREDLSHUATH 5,
Fyp = 1.05
O'yp= 005/ 3
Fi=1+3 0y = L05
@  REMEAU-235 3 HRBBRZER F(Fro)
S ZBRELRET (122, D @) KR
Fre= 1.02
Ope= 0.02 /3
Fim 1430 =102
@ BEHRRU-23s5 R (Fy)
BEHRAU-2359T0 3. U-2352FEEEICH LT 21s%Ic&Et T 5.
Fy = U235 KB/ U-2353 AR HEEME = 1.15
o= 0.15/ 3
Fi=14+3-0 =115
@  REHENE SR T (Faw)
BB O EHIEWIL. BEROELEICENT, RO IS ICHELRET S,
W = 62.8~68.0 mm
BE - Ty BN ER/AMEDBINTIZ(68.0-62.8)/68.0=73% DX H 0. FHEEF
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BHME & T 5 & 238%DMENDH S,
Frw=1.038
o= 0038 /3
Fi=1+3- 0’y = 1038
® BT X TR Ty, )
BOEHE O EME S 1d. BEMOREITE N T, RO LI ITHRELEFET 5,
£ =600%10 mm
W - T AR ER/MIDREIZL7%TH S,
Fyp = 1.017
Olpe= 0.017 /7 3
Fj=1+3-0%, =1017
© B IESRFE BB (Fypp)
Fypp=1.0

2) BEHIETF
O SAEMHBXARZRFED
Dittus-Boeller® A A AW THREER LB HI L0 THROFE. ERHELORZER
5%TH 5o
Fyp = 1.05
—F. LEROES., ERMEEDEZEII0%THS (BRBERGAE)
Fyp = 1.20
@ oL AR B MU L LA -1 (1)
Dittus-Boelter DR & HVTEHT 28 E
Nu = 0.023-Re®® pr%*

DeV-p u.s.(cp_ujm
i’ k

h-De 0.023[
k

1. D02 .y 08

1 pet2.p-08

AT; =
e %
Nu X b (-)
Re Ve EIe (-)
Pr A WY - {-)
De s Fik TEE (m)
v . B HIBRAE (my/s)
p . IV EE (kg/m’)
h  BinER (kW/(m>*K))
k . BRER (kW/(m*K))
1) L AR EAR AL (Pa*s)
Cp  WYRIBE L3 (kJ/(kg"K))
ATy MR (K)

F A NNOBRESHRFIZ. 1.07TH L0 6., FHEIIHT 2 R/DHET
1/1.07 = 0935, F + » RILBEOHFELHHTIE1.05TH 540 o FEEICITT 5 R/
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HIT1/1.05 = 0952, FLESEOPERHITHTEF ¥ R IVOBR/DIRHEIT0.935 x
0.952=0.890&7 5,
Fyp, = (0.890)" % =110
@ B FREGORE AR EE - (Fyr)
mERERER, SAVEEFFRRTOS bOoRAFNRER FICE TS, £
24%TH 5,
Fope =(1-0.024)"
Oy =(0.024) / 3
Fio= 143 0%y = 1024
a, = -0.8
@ B ERER BN ER (R
PR ERRFO S LORBKITHRZRN F1L0S1IZE LS &,

‘ ATf x é o Deb?.p-08 L0

0% _1.02

| F, =(1.051)** =101
0’y =(0.051) / 3
F; = 1+3-a) =105
a; = 0.2
3) Z4VAREEREFE)DIHE
PLEDERLERNTT 4 L LABE LANTFEZEET S,

Okl TERE R CFRHD
' - 1”2
= 1+{(3 o 3 a3 o3 o (3 o) +Hey 3 ) +a; 3 o’M)Z}

“byg - Eypp - Iy

- 1+{(005)2 +{002% +(015)% +{08) + (0017 +(-08 x 0.024)° +(Q2 D.OSI)Z}W]

x 105 x 1.0 x 110
=134

@ EMRBEEIRHE (R
A R R R R SN R S SRR

By - By - By

- '1+{(u05)2 +(002)? +(a15)? +(c038)” +(Q017)" +(-08 x 0024)" +(02 x o.ml)z}w]

x 120 x 1.0 x 1.10
= 154

3.3.5 BURHKEF(F )03 R

1) REMET
O BRELUSNIAVERERA(Fup)
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A L AOVEHRSEE . SHURTHEOTRBERVALBRELSBURNTH S,
Fyp = 105
O = 0.05 /3
: Fi=14+3 0 =105
@ BAERAU-235 B BRER F(Fro)
sV BEERRET (122, D) @) KEU
Fre = 1.02
Gpe= 0.02 /3
Fi=14+3 0% =102
@ RN U-2355 T F(Fy)
WRABHR N U-2352H i 1. U-2355 B fiic st LT 2 15%IC@EHd %,
Fy=U-23553 ik KA/ U-235 3 iR HEME = 115
o’y= 015/ 3
' Fi=14+3 0, =115
@ BREARE ST R (Frw)
BREHR O HIEWIL, BB OBEICE VT, RO LD IHE UEET 5,
W = 62.8~68.0 mm
Bt o T BARAH EB/MEDBICI2(68.0-62.8)/68.0=73% DX AH b FHEEF
M ETLHEXIRRDBEND S,
Fry = 1.038
a'pw= 0038 / 3
Fi=1+3 0y = 1038
@ BERESHEET(F,)
PREHR OB E X 1T, BEHROBELEIZ BN T, RO LD ICHE LEET S,
¢ =600 10 mm
Pt - Ty AR EB/MEDRZEIZLITH S,
Fypy, = 1.017
Tgy= 0017 / 3
Fj=1+3"0%, = 1017
® BREHR A IER RIS S (Fyrp)
Fypp=1.0

2)  BRERIA-F
D M DNBEREFERER(Fpnsr)
SERSTRELIRAEIC 5 U TR ODNBER AR R A ) 5
A CpATsubiﬂ *
ORI — L
A h
9 pNB A CpATgy . G

) A b I

(m]mpg&’(m —Pg) \/[m}mpsg(pf _pé’)

gpxg & 4G ccA-(Vp) w A4 -V
ZZT.

9 prB

[

hfg \

A - RS A (m?)
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Ag : IRERImE (m?)

Cp s AR E HE L (k3/(kg*K))
g - H N (m/s?)
G  HERK (kg/m’ s)
G’ RO B R (-)

Ay . FRTETE B (kJ/kg)
g png ¢ IERJCDNBEGEH -)

gong  : DNBEAKR (kW/m?)
Pe - A DEE (kg/m®)
P . RRIK O EE (kg/m’)
Alopin + AOY T 7 —IVE (K)

F oy FRNVHOBRESHBETIE1.07, F v RIVEOREIREFILL0STHED O,
Fpaay = 107 x 105 =112
@ XIDNBEGRHIHHEHBREZR FFpvse)
AR EREE., NI BEEERRTO) bORBFFNBRERFICETE, £
24%TH b,
Fpnge = 1.024

O pngr =10.024) / 3
F,= 143 0y = 1024
@ XTDNBEAGR AW RZER-F(Fpyge)
PV RE ERIETO S bORBENIREERFL0S1Z 0D &
gpyg < AG = A-(Vp) =4 -V &D
Fonma =1.051
O ppq =10.051) 7 3
F; =1+ 30y = 1051

3) BGRHET(F)DE
P oS HTFE2ROCTMREF2ES 5,

172
=[] o ol3- 0ol 0P o(3 ol o (3~ T 45 o)

“ Inpp - Ionpy

_ ‘1+{((105)2 (0202 + (015 +(0038)% {0017+ {0024 +(0.u51)2}w] X 10 x 112

=131
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Table 3.3.2 Hot channel factors including sub-factors

Name of factor Sub-factor Hot channsl Memo
factor
1. Hot channel factor from neutronic calculation (Fw) 2.68
Radial peaking factor (Fr) 1.41
Local peaking factor {F) 1.10
Axial peaking factor (F2) 1.61
Uncertainty factor (Fe) 1.07
2. Engineering hot channel factor
{1} Engineering hot channel factor for bulk coofant 1.24
temperature rise {Fs)
1) Heat generation side factor
®Uncertainty factor for power level measurement (Fo} 1.05 statistical method”
@Uncertainty factor for U-235 content per fuel plate 1.02 statistical method"
(Fec)
{@Net heat generation rate for coolant (Frwe) 1.00
2) Heat removal side factor
(DUncertainty factor for flow distribution (Fo) 112
@Uncertainty factor for flow area (Fca) 1.09 statistical method”
@Uncertainty factor for flow rate measurement (Fa) 1.02 statistical method"!
{2) Engineering hot channel factor for film temperature rise 1.34
(F3
1) Heat generation side factor
(DUncertainty factor for heat flux level measurement (Frs) 1.05 statistical method"
@Uncertainty factor for U-235 content per fuel plate (Frc) 1.02 statistical methiod"
@Uncertainty factor for U-235 distribution in a fuel plate 1.15 statistical method"’
{(Fd)
@Uncertainty factor for fuei meat width (Frw) 1.04 statistical method"
®Uncertainty factor for fuel meat iength (Fpy) 1.02 statistical method”
(B)Net heat generation rate for fuel {Fuer) 1.00
2} Heat removal side factor
(DUncertainty factor for heat transfer correlation  {Fag) 1.05
@Uncertainty factor for heat transfer coefficient due to 1.10
flow distribution {Fm)
®Uncertainty factor for heat transfer coefficient due to 1,02 statistical method"
uncertainty of flow rate measurement {Fave)
@Uncertainty factor for heat transfer coefficient due to 1.01 statistical method"
uncertainty of flow area (Fra)
(3) Engineering hot channel factor for heat flux {Fgq) 1.31
1) Heat generation side factor
@Uncertainty factor for haat flux level measurement (Fre) 1.05 statisticat method"
@Uncertainty factor for U-235 content per fuei plate (Frc) 1.02 statistical method"
@Uncertainty factor for U-235 distribution in a fuel plate 1.15 statistical method"
(Fd) .
@uncertainty factor for fuel meat width (Frw) 1.04 - {statistical method”
®Uncertainty factor for fuel meat length (Foyy) 1.02 statistical methoa"
(®Net heat generation rate for fuel {Fanee) 1.00
2) Heat removal side factor
DUncertainty factor for DNB heat flux due to flow 1.12
distribution {Fongy)
@Uncertainty factor for DNB heat flux due to uncertainty 1.02 statistical method"
of flow rate measurement {Fonave)
@Uncertainty factor for DNB heat flux due to uncertainty 1.05 statistical method"
of flow area (Fownsa)

1) These factors are treated by statistical method as described in section 3.3.2.
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3.4 EBIEETEMG

3.4.1

AT

SEHF BRI Tk, LURISRTBITEHRU AR T -7 = A7

(1) BB AL, FOASEMBEREW °C. F.OADKHIMIETL.84 kg/em’abs,
1 RGHIRRES m'/min& U, 1 ZFEIRIBED 5 HerMBREHBITHNS D &
L7 BABRBARNCIZ, FOADBEMIRE®D °C. FOADHAMEF1.90
kg/cm?abs& L 72,

(2) BoKARFIFETER UABNEFRUITENETICO0TI 33 #ukAEEhs
FLBUKEBRE ] TRLUICBY THBH. Table 3.4.1THIKIERFFTEIZH LW,
AR TF)s FETRU M EFEHRCRBBHE N TRFE)EES
W IR ok B R R O T KRR 7 d

Table 3.4.1 Hot channel factors used in JRR-4 silicide core analysis

Factor Forced convection Natural convection
cooling mode cooling mode
Hot channel factor from neutronic calculation 2.68 2.68
(Fn=FgreFi*Fe*Fz)

Radial peaking factor (Fg} 1.41 1.41

Local peaking factor (F1) 1.10 1.10

Uncertainty factor (Fg) 1.07 1.07

Axial peaking factor (Fz} 1.61 1.61
Engineering hot channel factor

For bulk cooiant temperature rise (Fb») 1.24 1.24

For film temperature rise (F) 1.34 1.54

For heat flux rise (Fg) 1.31 1.31

(3) MO ISR 3UTTHCGEFEIC K D RO BB %D 7 ) — VFLIZE L,
THIEHEED25.8 cmF &V UN Z00iE) BRIRRBIZBE T AEEM W, EEF
EGKITRENTIZBE R L 285 1 O 1 753 % Fig. 3.4.18 UFig. 3.4.215 3

1.70 [
1.60
1.50 |

1.40 | %

1.30 | i

120 | Vfr |

1.10 | # ' ‘
1.00 | *;Ff
0.90 | et

0.80 |

o |
0.60 -

H
A

Axial power distribution factor (-}

0.50 7‘7{/ — Axial power distribution calculated by CITATION
0.40 |
0.30 : S —t— Axial power distribution for steady-stae thermak
020 | hydraulic analyais
010 |
0.00 N ‘ e
0 5 10 15 20 25 30 a5 40 45 50 55 60

Distance from top of fuel meat {cm)

Fig. 3.4.1 Axial power distribution factors for JRR-4 LEU silicide core stcady-state
thermal-hydraulic analysis under forced convection cooling mode
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170
1.60 |
1.50 |
140 |
130 |
120 |
1.10 4
100 |
0.90
080 |
0.70 |
0.60 |
050 [
0.40 |
030 |
020 |
0.10 |

Axial power distributivn calculated by
CITATION

—A— Axial power distribution for COOLOD
Forced convection

Axial power distribution for COOLOD-N
Natural convection

0.00
&0

55 50 45 40 35 a0 25 20 15 10 & 0

Distance from top of fuel meat (cm)

Fig. 3.4.2 Axial power distribution factors for JRR-4 LEU silicide core steady-state
thermal-hydraulic analysis under natural convection cooling mode

3.4.2 BEEM ROWER OBRESR
LA OB FIILIT OO OF L7,
k=60.8 [keal/(irm °C)]
WM OBILREED. O, Table 3.4.210 R [HAE M,

Table 3.4.2 Thermal conductivity of cladding

Temperature Thermal conductivity
iC) fkeallh m °C)
20.0 112.0
100.0 122.0
300.0 148.0

343 BUnEHBER

JRR-4LEU & U 4 o FHEUEHF OO BT TR L e Bz EM X % Table 3431277 6
Table 3.4.4{3. DNBEAAHEMMRX AR L bOTH S, JHoDHERIT. BRkF &~
TR, (EE T DMRBIEIRIE EHEA AR 2 B O RFAICHAR IR LD T,
Z N FTITHIRR-2®, JRR-3IMW, IMTRODEAFIZHEHI NI EDTH 3,
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Table 3.4.3 Heal transfer correlations

(Unit system is MKS)

Heat Transfer

Mode Correlation
< Re < 2000
1. Upward flow (mass flux = 0.0}
h= max(i‘-’o.o, h Collier)
De
Coliter's correlation
025 01
Pr) 28 DT, - T
h Colier = -X-017Re3 p;042 (Pre), p°P 82( 1)
De (Pre),, ug, p

Subcooled
Liquid
Convection

2. Downward flow {mass flux < 0.0)
hetoap
De
« 2000= Re < 2500

1. Upward flow (mass flux = 0.0)
h is interpolated between the Collier's correlation and the Dittus-Beelter's correlation

correspending to the Reynolds number.
2. Downward flow {(mass flux < 0.0)
his interpolated between h = -;44.0 and the Dittus-Boelter’s correiation corresponding
-4
to the Reynolds number.
» Re = 2500 [Upward and downward flow]
Dittus-Boelter's correlation

h=t 0023 Re2® P4
De

Subcooled
Nucleate
Boiling

Modified Chen's correlation to both upward and downward flow

g = Piic ATy + b (T, - Ty)

mic

Byae = —~—0023ReYS Pr04 F
De

ma

(k, 1086)" " (a186Co, ) p3**

(30 o, ) o T o

A TD.ZA AP0‘7SS

sal

P
mic

i |05
€ = 0.00122 x 0.86 x (93 10 )

F =10
5-1/(1+ 0.12Ra’1~”) Re’ < 325

Sul/(1+ 0.42Re’0'78) 325 < Re' < 70.0
5§ = 0080 70.0 < Re’

Saturated
Nucleate
Boilinb

- Upward flow and downward flow ----- Chen’s correlation
q= (hme‘c + g )ﬁfm,

k

08
B Eo.ozs{Rc,u-x)} Pl F

ma
F=1D 1/x, = 0.1 _1_,_( . )0.9 o u X
F=23317x, +0213)>7° 1-x/ o,

1x, > 0.1 Xq
5-1/[1+0.12Re'1-“) Re’ < 32.5
JG(I—.VXD:

urg

5-1/(1+0.42Re““) 325 s Re' < 70.0 Re'= x Y 107

§ ~ 0080 70.0 = Re’
- Upward flow G > 271 kg/mzs under natural convection -----

3
L Bebthy 1 Cpedley
o \00132Pr  hy
P - pg

Rohsenow's correlation
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Table 3.4.4 DNB heat flux correlations

{Unit system is MKS)

1. Upward Flow

qpNg = (hfg\ pggc(pf ~Pg) ))

)\' =
V Pr— pg
R
. «0.611 .
) =0005G" S
>»nvggc(pf - pg)
. A Ja/n
g3 = 0720 a/x ~.  d=Channel width (m)

Agiap {1+(pg/pf)0'25}

2. Downward flow
q‘ “max(mm(q]‘, qi), ‘i’;)

A .
_ Lfow B ot Ay = Inlet subcooled enthalpy

Aslab §74
The other parameters are same to these shown above except that the mass flux term
is representsd by its absolute value.

o= R
h = BMEESH,  [keal/(m?hr°C)) . b = /L7 KRB
k = Bz [keal/(mhr*C)] DNB  =DNB
De = FKSERE, [m] f = 74 VLEBE
Pr - 75U rIVE, [%] = BFIFAR
Re = LA s (9P ¢ - W
n
n = HPERREL, [kg s/m?] v = SR
Cp = EHLLE, [kcal/(kg°C)] w = BEMH
Teat = BUFIE R, [°C]
T = R, [°C]
AP =P,-P,, [kg/cm?]
AT =T - Tsar - [°Cl
q = BRI, [keal/(m?h)] or [keal/(m%s)]
P = 77, [kg/cm?)
x =7FVF4, [-]
p = BHE, [keg/m’]
G = BRIRR, [kg/m’s]
ge = EHMERE,  [m/s?)
o = EHESA, [kg/m]

Apgw = DRESTIHE, [m?)
Adan = MMEEHE, [m?]
B = fEiRE, [1/°C]
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3.5 B 13 SMWERRF.OE B #uk Tt

A3 MWL @R EUK DT IZ. 34 BITICROAREEGCSGE] TRLCL
S, | RBHFBHEBRS mi/min. FOASHHNAEBEE0C, FOADBDMESN
1.84kg/cm’absDEAE DI TIT - 72, '

WEATEE B A Table 3.5.110 Ky MF + VRV RUEEF v R IVOB ARG IR 5
i, BEHEES. EA40. BRI %Fig. 3.5.1 R CFig. 3528 W E€NwR g,

FATEERD &L Ry M F v o RILVTHHM B EES42 °C. BrHREDRREZLLL2
*C. BRELUMHREIRE113.0 °CE 75 o 7o, ThEEBIIAR(ONB)EEE125.5 °C. ONBIRELIZX T %
£:4#14.2°C. DNBR3.0STH YD, TN SO THHHEBA LS 545 cmD e K BGRENAL I
BEHAETHD, HODENRRIZ. (3.2 RtHs TR Lol sk o HM %
FHB LT HAEEMERE - T4, JHid. SBOERKRORY BEZE/ILH S EH
HBOBEFOR—ZELTHIRBDHAELDTHLH, —H BEF + 2 TERL wiHf
M7 46.9 °C R BTIR S EET3.4°C. BELEH R EEIET4S |CTH D, ONBIRE
ITHE B 4H552.1 °C. DNBR 6.67TH D, " biddky bF v U RNOEES EEEKIZ. 0
THERBATN 545 D BRBRHEMBICHITHETH S,

Table 3.5.1 Sieady-slate thermal-hydraulic analysis results
(Forced convection cooling mode, 3.5 MW)

Average channel Hot channel analysis
analysis results" resuits
Coolant outlet temnperature : Tpou {(°C} 486.9 54.2
Fuel plate surface maximum temperature : 7w (°C) 73.4 111.2
Fuel meat maximum temperature : Tm (°C) 74.5 113.0
ONB temperature : Toyg (°C) 1255 125.5
Temperature margin against Toyg: ATona (°C) 52.1 14.2
Minimum DNBR (-) 6.67 3.05

1) For the analysis of average channel, all the hot channel factors are assumed to be 1.0, except axial peaking factor of Fz.

3.6 BHMBEERE. FOABE. BREH/ S5 4 — 5 B

BEMRR. FOADBIMBERFREFFHINEZNT A -7 & UTERFLBUKIIE
WAEl LI, BRELNLEyr—Xi3, 35 BHHIBSMWEF.LEFEHK T T4k
e B EIM RS m3/min. FOA DESHIBHEEW CCOBATH S, HAMRERNTA—F
TRV TIE5~10 m¥/min (PO EIM L1 #88.7~177.4 crys) OHBETHREE . FLAD
WrHIARIE /ST A — 7 AT Ti35~50 *COfHTRELZELRI Y, £, FEFFEHh
235 A — & BFTT132,500~5,000 kWO TH i 22X,

3.6.1 AT BB EY:
JEATTIE. BALX BB IMRR, FOADBEMEBEERIE-FFEALMNE. 35
B F73 SMWIRHF G E B BuK IIENT ] Tl FLER Bk I MU TH 5,

3.62 WHMKER YT A — 7T

BTSSR D& E % Table 3.6.112, £72. Figl 6. LSHHM HLRE, BEELRSE
BE. LR EEE,. ONBAE. DNBRZGHIM S AMEIC & D RT, BITE R
WFhbdy FF v R ILDHDTH S, Figd.o.l1h o BEHER106 cvs (BAIMRERE
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6 m¥ymin) M T CIZMEHEETIREHONBREEZBA ., Ky M F ¥ Y RINTEOTHRIHK
RH TS S5, —F. B/ DNBRIiZ. BEHHEHLY covs CAHMIRES m¥min) TH
191TH 0. B/DNBROYMERETH B151o0t LTRSS, T, BHE URR-
AEETIREHEIRL) O1RERMHRET m/minkF B0 T HONBREMRB6.3 °C. &K/NDNBR
267TH V. ONBEESE. B/NDNBRE bICHA 1 RMAH B, TRR-43 ) 1 FIRAEIF
CHIHNT, 1 REGHMHEEAS myminl TR E LB, 1 REORBAEFLRICE
WTHBE L HEBORBIOESHEICE O TR/DNBRYILSE TR 6N E 2T S/
HTH 5B,

Table 3.6.1 Analysis results -Coolant flow rate parameter-

Primary Coolant Hot channel Fuel plate Fuel meat ONB Temperature Minimum
caolant flow velocity autlet coolant surface mamum temperature margin DNBR
rate temperature maximum tamperature against Towns
To.out (°C) temperature ATone (°C)

{m?/miny (cm/s) Ty (°C) Tm (°C) Tong (°C) &
5.00 88.7 62.8 131.1 132.8 124.2 -6.8 1.91
6.00 106.4 58.0 126.5 128.3 124.7 -18 2.29
7.00 124.2 56.3 118.8 120.6 125.1 6.3 2.67
8.00 141.9 542 111.2 113.0 125.5 14.2 3.05
9.00 159.6 52.7 105.1 106.9 125.7 20.6 3.42
10.00 177.4 51.4 1001 101.9 128.0 25.9 3.65

3.6.3 L ATHSEIRHRE S5 A — 7 R

WENTEE R D & ¥ Table 3.6.210. Tho. Fig3.6. 2108 HM H R E., MR IR AR
EE. BREHE MR SR, ONBISEE, DNBRZ SHMF.LALREZMMICEDRd, BT
R, WFRbL Ry FF Y vRLDEDTH S, Figde2h oBARFEOADRENME
LMEE., /PDNBR. ONBIRESBHRE LML I EFHONTH D FOLATRESS
COEE T HONBIEERWL.0 °C. /DDNBR 2.66T#H D, ONBEESH. /IDNBRED
(TR D S,

Table 3.6.2 Analysis results -Core inlet coolant temperature parameter-

Core inlet Coniant Hot channel Fuel plata Fuel meat ONB Temperature Minirmum
coolant velocity cutlet coolant surface maxinTum terperature margin DNBR
femperature temperature maximum temperature against Tons
Ts.0u (°C) temperature ATona (°C)

Y] {cm/s) T. °C} 7= {°C) Towe (°C) ]
35.0 141.9 49.2 108.9 110.7 125.5 16.6 3.18
40.0 141.9 54.2 111.2 113.0 125.5 14.2 3.05
450 141.9 59.3 114.2 116.0 125.3 111 2.86
50.0 141.8 64.3 117.2 119.0 125.2 8.0 2.66

3.6.4 BAFEHIINT A — 5 fAT

BATRE R D E & 6H4Table 3.6.3°. Fio. Figl6 @AM B E., BMEREZR LR
JE. BB HR SRR, ONB/AEL., DNBRE B A H 2RI & D Rd s B RE.
WFRb Ry FF P U RLVDBDTH S, Figl.630 ELFEHN43 MWELETIZ, B
WEHBENONBEEABZ ., fy MF v R EBOTHRMEEmM TR T 5. 77
B/PDNBRIZ. B TEH 5.0 MWIIZE LT H214TH D R/DDNBROHMEETH S
15 LTEE BN D 5, MhHFHER (FERE) 1 ITX527 7 LOBREMITER
HHD110 % T BFRH L I3.85 MW TH LA, 3.85 MWIHZE LT HONBIRER
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#17.6 °C. R/NDNBR 2.78°CT&H 0 . ONBIEE &4, H/DDNBRE B3 RE1H 5,

Table 3.6.3 Analysis results -Thermal power parameler-

Reactor Coolant Hot channal Fuel piate Fuel meat ONB Temperatura Minrimum
thermal power velocity cutlet coolant surface maximum temperature margin DNBR
temperature maximum temperature ~ against Tons
(MW} To,0u (°C) temperature ATons (°C)
{cm/s} T« {°C} Tm (°C) Tons °C) )
25 141.9 502 91.9 93.2 i25.5 33.6 4.27
3.5 141.9 54.2 111.2 113.0 125.5 14.2 3.05
3.85 141.9 55.7 117.9 119.8 125.4 7.6 2.78
4.0 141.9 56.3 120.7 122.7 125.4 4.7 2.67
4.3 141.8 57.5 125.4 127.6 125.4 0.0 2.48
4.4 141.9 57.9 126.4 128.6 125.4 -1.0 2.43
5.0 141.9 60.4 131.2 133.7 125.4 -5.8 2.14
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Fig.3.6.1 Steady-state thermal hydraulic analysis results
-Coolant flow rate parameter-
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Fig.3.6.2 Steady-state thermal hydraulic analysis results
-Core inlet coolant temperature parameter-



Temperature (°C)

160.0

140.0

120.0

100.0

§0.0

60.0

40.0

20.0

0.6

JAERI-Tech 96-039

, 10.00
k ]
f
] 1 9.00
; ,.,—--*",:3 |
x ——— XXX x 7 800
== |
[ 4 7.00
: /////// ]
- | 1 600 .
i 1500 E
Z
. =
o 1 400
_)#:;\_T\_U?ID_D_—A—GU—#
B e 4 3.00
\.-‘1_‘." ]
e 1200
L 1 1.00
: : L 0.00
2.0 30 4.0 50
Power (MW)

Fig.3.6.3 Sicady-state thermal hydraulic analysis resulls
-Thermal power parameter-
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3.7 EH02MW BIATEBIS AR Q4R 0 B EK IR

#HHI02MW BARTEBSHIE D F.CERBOKAITIE. (3.4 BEINICAVRERELE
#h] TRUE L S0, FOA OSEME 4 C, .0 A DM EIFE71.90kgem’abs D 4 4
DIETIT- 2o :

FRATEE B A Table 3.7.110< Ry FF + VRIVEREERF » R IV O S EH R E S
i BREHEE MG, B9, Bl £Fig3.7.1 RCFig3.7.2IC 2 TR,

WA RS, shy M F v VRV TR HOEK4.2 °C. BReHEZRERRIEKILL °C.
RELE M R EIRE91.2 °C&7L - 7o, PEMEBIIG(ONB)RE119.4 °C. ONBIREEIZH 9 SR
283 °C. DNBR 7.36TH 5B, oD ERy b F v RIVOBBHERIT. 3.2 RELE
WAL BEHK AR ONEEG LB LT, +2URBER> T 5, —F. T
F o R IVTIES BRI DRES L7 °C. BEHE R IR R IEE3.8 °C. BELEHM REIRE
63.9 °CTh 5, WEEFIIAONB)RELIS.7 °C. ONBIREIIN T 54 #54.8 °C. DNBR 16.09
THhbo

Table 3.7.1 Steady-slate thermal-hydranlic analysis results
(Natural convection cooling mode, 0.2 MW)

Average channel Hot channel analysis
analysis resuits" results
Coolant outlet temperature ; Tyou (°C) 51.7 64.2
Fuel plate surface maximum temperature : Ty (°C) 63.8 91.1
Fuel meat maximum temperature | Tn (°C) 63.5 91.2
ONB temperature : Tgyg (°C) 118.7 119.4
Temperature margin against Tong : ATong (°C) 54.8 28.3
Minimum DNBR (-) 16.09 7.36

1) For the analysis of average channel, all the hot channe] factors are assumed ta be 1.00, except axial peaking factor of Fz.

3.8 HAEBWBHEORE-FFH IS5 A — 7 T

BRI AT A — 7 2 LT BAREEBSAEEO E R DBk BT 2 R U fo, #8E
E1 Ay — 2. [37 #BHD02MWHARRBERFOF.CEEBIKIIFT | T~
R 0.2 MW, LA TTSHIMHEE 4 "COBEETH D, BT T, 0.1~05 MWD
BETHHAEELXER, BREHARAOETEMAIZ. 0.2 MWK O E H#IK ] Ty
FRLUTHS.

BT RO F L ®%Table 3.8.110. Fig3.8. LIHEIM H DR E. MEBHERERSHEE, &
FHNH SR, ONBEE. DNBRE B TFHAIEMMIZE D RT, £/, Figl382lF
DB R GHIM RS A H AR AR L DR, BITERE. WInbhy FFr
YERILDEDTH B, Figld81h BT FHIH0.45 MWEL LT B ERmEES
ONBEEAMZ, Fv b F+ R EBOTRERERTHET 5. — 4. &/IDNBRIZ,
FEFFEH 05 MWIIZE O T H3.80TH D . B/NDNBROYMIEAAETH 515108 LTHA
LwhiH s, [PHTFEEF RHRE) | 0L A7 7 LOREHITERL D0 %
FTHHLEETFEHI022 MWTH 355, 0.22 MWEHZH U T HONBIRERTE25.1 °C. /D
DNBR 6.87T% ¥ . ONBIRER#. H/PDNBRE BIZTF AR H 5,
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Table 3.8.1 Analysis resulls -Thermal power parameter-

Reactor Core flow Coolant Hotchannel Fuelplate  Fuel meat ONB Temperature Minimum
thermal power rate velocity  ouflet coolant  surface maximum  temperature margin DNBR
temperature maximum  temperature against Tons
temperature
(MW} (kg/s) {cmys) To.ou (°C) T, {°C) Tm {°C) Tows °C)  ATons (°C) {-)
0.01 0.810 1.14 45.1 47.0 47.0 117.5 70.6 70.67
Q.05 1.879 2.47 51.7 605 60.5 118.4 57.9 19.72
0.10 2.728 3.41 56.9 72.6 72.7 118.8 46.2 11.899
0.20 3.820 4.79 64.2 911 /.2 - 1194 28.3 7.36
0.22 3.995 5.01 65.4 94.3 84.4 118.5 25.1 6.87
0.30 4.627 5.81 69.9 106.4 106.5 118.8 13.4 5.51
0.40 5,246 8.60 75.2 118.6 118.8 1201 1.5 4.48
0.45 5.542 6.97 77.5 120.2 120.4 120.2 0.0 410
0.486 5.600 7.04 77.9 120.4 120.6 120.2 -0.2 4.04
0.50 5.819 7.32 796 121.2 121.4 120.2 -1.0 3.80
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Fig.3.8.1 Steady-state thermal hydraulic analysis result

(Temperature and DNBR)
-Thermal power parameter, Natural convection cooling mode -

10

~—— Core flow rate

—e— Coolant velocity

Average Coolant Velocity (cm/s)

L i L P ] 0
0 100 200 300 400 500

Reactor Power (KW}

Fig.3.8.2 Steady-state thermal hydraulic analysis result
(Core flow rate, average coolant velocity)
-Thermal power parameter, Natural convection cooling mode -
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4.1 SALRESHAERHIIDONT
(1) FHRORKEZUHRY
C OB, ERE AR SO ERT L IRBHKPIEA L TH/EY

AL FILHOREBARESTZ 2 &ICL > T £OHBANO 1 KGEVKIRES D U,

BEHEE A R X EBREHRIC BRI TR ENOH B EEHET 5,
(2) Bhlkxts®
CDEWROREE LT B0 £, H—RBELALEEIC b FLORe ERER

FAEELIC. FORBABETHHDIIRDO LS I EEHT S,

) 1IREBAREEAICZ M —FERST . BEKPORYER DK <o

2) By v NEECERT L Y — ABIEEN LPd daLebic, BTLL
MEDHEERT S,

3) s v 7 VR T . KT . 7KP R R O OB D R O Stk

AT D,

4) B ORHE RGBT | B S0 FOHEET ). 351, BFFEFLL
B HT S HESBICHE O THELY v 7 NOREXZ ST 5,

s) BEREEERIC LV EEREOUTERERAETILOICL, X6, FED
EaRE R ENigaiR, TREERE=/ER] DA77 LEFICE
DETFFITHEERTEEE IS, TBREBERT_/EaR] OESICLD XD
FBRFET 47 A EAEERRQBMOMESR LT, AURE~OH T ZMid
Do

42 FHHRFOH MWL

JRRAICE W TETFICHEGAE UEE . FOOREMS 2 0idE LLHEBEOSTh
1L o, SREOBRICEOTBOREREDER LA L5 2 REBENE DL,
X ST ORI T A BEORH T Y TH S Z LEMIT 5 7DD HEAE
BEFIRGERBDTH S,

D FLRWLIEEBETH, ERSEFINTHS I &,

@ P UEEIESR D EH . oL TABEINREETH S &,

@ 1REHLZDECHDLENZ, BEFHEHUTTHSL I &,

@ FAIAOARITH L. ZBLOEHEHBHE DU RIEEZINI L,

B AL, FOORKERET A &ICLD. BEoEE EFICL2REOREARE
ik 3270050 ThHb, Did. £F—/KRUSTE L ZHRIENRUESEREORE
BT R FE =D RS E R O URGHEREIERT 2 C S KA REBEHET 5700
DHLOTHD . BEMEICIE, BRESHESEESEEM OEMIBE (582 °C RETHL
ZLET A, @D, L IRGHERBICBAZIEAERE IR HOIDTHD . BiK
BT, 1 RIS EVKEBESGEIEEL T THE I EET 5, @3, [TREHBEKRIEFF
MR OLRATMICHET 28] 482 L LT, ALOAROEYRE L BONMMEN
BB DS mSvEBA BN EET 5.

4.3 FREEEESRRITICH O B EA

RIS B EYORNTTIE. FICRT & 90T M3 EHFOBUKITRT ) ©3.5 MWHH
HIEES I BER &R U RGRUANT -7 2 H0. BTFIART L9 4 LRBOEFEG
HsAE AR E Ui,
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(1) 1 REHFZFHRES mimin. FOA DREFREL °Cy FOATNGHM ET)1.84
kg/emfabs & Lice 1 IRBETRFRD 5 been BB ERICHEN S bD & LT,

(2) T BRI O i W A AR E T (Fy)s FETEE IS REF(Fp)

R AT E TR, %A S o BuK AR B O T M Bk B (R 2 L Table
34T EBOTHY, EFFOBOKIBIRERUTH S,

(3) BWHFROMAIFEIE. IRTCIE I L O RORBEEO %D 7 ) — LFHIIEL
THIGAED25.8 emB DR U v i) BFRREICE T 2E H T, FLH
% B 2 ST 1 B Bl 18100 H 7 437 4 Fig. 341157546

(4) AT TIE3.S MWEMSH ISR IC 1 MBSO MERGCEICE L. B (BRI &7
SR FF DT bR XL REHR(F,=1.103) & T DIRITF, AR EILBFHR(FL=1.083)iC
Bl Ghy bRy PHETALDEL,

4.4 RO IS B ZE SR EUREAT
44,1 H#EF—Z

BRATEE R A Table 4.4.110. PIHIREHE (A SEZ T3 H) EFE TR AR T Rk
WD S B T E) EE MR OB ENSHMEEM . REHRES 6. A8
fi. BFAE S A Figd 4. 1R UFigd 420 TN EhRd, ME Ui, AT EEadRE
HELOEL, MENTRE LABRBATERRBMICHEN G OE L, EHIT &
EHR N OB R OBISEIZ S0 Tid, COOLOD I — RSB A AD 1 LR BD AL ERE
LTBicw, REFICEBOTHER LTI,

BEATRE R S . NBAEHR E R BRI THEH HI1EE60.7 °C. B¥iRERAEE
137.8 °C. BRELEH R SEE142.6 °CE - 72, hEEBIAONB)IRE125.3 °C. ONBREEIZ
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BB AETH B, CORE (ke PARy 1) ICE 2R EE O BEREIL
TH = NAERETH B —J7 SR E R RIS TS, Bk DRES9.4 °C. #AH
W EIMESEE138.1 °C. BMEEMBREEIE1429°CTH 5, HEFIRONB)REI25.4 °C.
ONBIEEEIZH T 5 4#5-12.7°C, B/PDNBR 1.53TH 5. KFFIZEHICETS2HDTHO.
LA TR T A O BHREFOHIMENREL T4 HERKOHMER TR EEDT
Hi, EFEENS. Fy bFr 3l BEOKBHAERLTIE, B LOFEFOHN
HMAM LTS EE LIS, UTIEAaTEEROERAEEMFOTLET bz L
Tib,
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@ WEEMEEEERR, 7Y RZFEERE (&% L0, 400CETS) UTT
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@ | RBHZRFIHPBENE. BREAEIDOLIBUTTHSE I &6

D, IRR-ACEBWLTHE. bLdy Py oL L BORBAZERIIREELT
. FOERAEBERO A BICRERICEFET S 2 ENEETH S,

4.4.2  RFHEEERARIMUGRE O S P ZE I
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FONY O @ HIB R AR E ZNOTEHE (1.42 nvs) 1IZHA~L #33.5% (0.50 m/s)
SR /2. DNBROEAH & (DNBEFIHAVAEIWY) BLUWERESEZ 52 &P
NE23LDOTH5, _

FENTHE R A Table 4.4.212, WAIBABHE (SMUD SEZ T E) IEF S A& O
WIER R OB, B BES . BEEES R E5fm. SRR % Figd.4.3
B UFig44.4il T Ehurd, HZELURBIE. T EEBRBICs 550 L L. BER
THRE LIRS TERRBAICKRN S D E Lz, 51T, BEHRAN OB TR O BLE
122UV Tid. COOLOD T — FAOERAFHIOD 1 IRICIMEBOD AEER L T 5708, KFITIC
BOTHERL TN,

FRFTHE RO S . NBIBEHR IE W B A T AN DB Ee1.1 °C. B HERmR SR
138.1 °C. BABLISH R S IE143.0 °CE 7 - o, FEBEFALR(ONB)EE125.3 °C. ONBIREEIC
XA SH-12.8 °C, /INDNBR 1.53TdH 1. WO TR B HEEA D 545 emD R K B HAL
BILBITAETH D, ZOME Ry PARy M) B3 2R &GO BRI
T —NERETH DL, —H. FMBRERER GBI T, wEME OERE 11 o B
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HHIENS, BEHMRDIBET ZEERNH 5, /XL R/NDNBRICES 2 HIM A HEL
BRFENSED 6D TH Y. B/IDNBRILSU TFIZE - o HETHEBITBRERDYE
B2l EIFEZL SN,

Table 4.4.1 Flow channel blockage accident analysis resulis
(Base case)

Inside fuel plate Outside fuel plate
(Normal channel side}  (Normai channel sids)

Coolant outlet temperature : Tsou (°C) ' 60.7 59.4
Fuel plate surface maximum temperature : Tw (°C) 137.8 1381
Fuel meat maximum temperature : Tm ("C) 142.6 142.8
ONB temperature : Tpyg ("C) 125.5 125.5
Temperature margin against Toyg: ATpong (PC) -12.7 -12.7
Minimum DNBR (-) 1.55 1.53

Table 4.4.2 Flow channel blockage accident analysis results
(Outer flow channel blockage)

Inside fuel plate QOutside fuel plate
{Normal channel side) (Normal channel side}

Coolant outlet temperature : Tsou (°C) 61.1 61.1
Fuel plate surface maximum iemperature : Tw {°C) 138.1 137.2
Fuel meat maximum temperature : T (°C}) 143.0 139.8
ONB temperature : Tong (°C) 125.3 122.9
Temperature margin against Tong: ATong (°C) -12.8 -14.3
Minimum DNBR (-} 1.53 1.5
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IR FEFIERE, UE FEE IR
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AKITEMEE De : 2.10~18.3 mm 7.75, 8.81 mm
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REOERL L/De : 68~219 68, 77
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L EAOEREIIH L TR 22000 BEFE THEERETFHRETH L, —H. TH
OB, FigB-2 IOTT & 9 ICEREICH LTIZIF +30%. —SHOREFMETHRIZE
BAETFMRGETH 5.




JAERI-Tech 96-039

[ &% 3C#k]
(Bl) #tsEk, BHE—, HIHEH. KAFIEX, HkHH, IRR3BEFOIHOF L
ML EER - FEHERREBICET S ERE ST RKOREISRAGEREOME",

JAERI-M 84-149 (1984),

UPFLOW
xrp*

Dittus - Borlter :

es LN
Nu = 0.023 Re Pr /' Al
WA
Nu
Prll -
HS 4
A

10— -
DOWNFLOW
"P*
x
N Dittus - Boelter : .
—“ L X L [
oo Nu =0.023Re Pr ©

Fig.B-2 Dittus-Boelter D= & REETE KB ICH 1T 5 RBRMEE OB (TR



JAERI-Tech 96-039

ff8C Bergles-RohsenowDH D@ HPEIT DT

Bergles-Rohsenow DRI, HEIIEITAEBBERICESIREINTHLESLDTH
Bo ZMD1zd, JRR-4 YA FEBREHFOOMER GO L O UREARREICEE T
HICEEL TS, RESAIBHEBICE T 2 REAEEEICAET A ERER LR - et L, E
EAEBERBICE T HEMNEETHS D& emB LI,

ZDizdh, B E L TR, FMERE IRR-4 VU A FEEEHROOBUK BT
FT BN D AR U EBRSICHIS T 2 D EE A D, Table C-1 10HEAT LI KR OE
ERgfh & JRR-4 OFRERMZ B U TR, A S L7 K 5 IZIRR-4 DREBFEAE.
B U R EE T AR T — yOBEICEENTED. ZhHoDEET—7IC
#5325 E N7 Bergles-Rohsenow QMR E IRR-4 IHEA T2 Z & IZRHLHDTH 5,

Table C-1 HRBERRLGIR B IC 4 2 EER R & EABRMURR-4) D ELE

KEEM ERAREED FHEEF(RR-4)
TRBR AR FEEEBRE. M5 E LN i
i e S 2.25~10.00 mm 4.10, 4.70 mm
KITEMEE De : 4.31~12.0 mm 7.75, 8.81 mm
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DR LiDe : 40~174 68, 77
HERiRE G: 72~16,600 kg/m’s ~1,500 kg/ m’s
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3 {Z Bergles-Rohsenow DABEGIC & 2 REINERE DO TFHMERZ. EBEAEKD (BRFa) I
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BARERER - BEFIEREIC B 2 B EHIRONB) &M H L U DNBRGRRICH T 5 %
ERIUPTFE”, JAERI-M 85-126 (1985).
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f1$%F DNBEWRHMBEXOBAMEIC DT

JRR-4 U H o FEEHRLOBUKARITIZF V7. DNB Sl AAERRIE. BRI E TR
BWETKHINTHOL SR TS, & DNB 2iEHAERIT. 4% JRR-3M OBKTIR
HRBRLTMOIHic. TE LU THERBREERORENK B O TH 2 BHERRRE
5 & UL TEIR & M. JRR-3M. JRR-2 ORFHTERA I N/ LD TH S, T HIT. TDKRD
S A T ALE AR L. IMTR ORFHc A &N, T 6D DNB BiRAEM
REEBRTF— S TS EZERINCLOTH S0, TOHMBLTRRFAINILER
F ey EEE AT LT B ENSH B, TableE-1 ICREFMRFHIM /KT —
7 DEEEM & JRR-4 OFEEMHEEAHE L TRTH. CANLSHOSNE LD IZIRR-4 D
LR fEIL. B L7 DNB BARERT— 7 O®EICTETNTE D, SNODOKRBRT —
FioHSXBA% S417 DNB B EMERA JRRA ICHAT A EHERYA D TH S,

Table E-1 DNB BAiiH EB D EER A & EBRHIRR-4)D HE

KERFA EREF(RR-4)
IR T E R T HUE S
v v S 2.25~5.00 mm 4.10, 4.70 mm
IKFIFEME R De : 4.31~9.09 mm 7.75, 8.81 mm
O Mk L: 0.30~0.76 m 0.60 m
s DEEH LiDe ° 42~174 68, 77
HEap® G: 0~6,250 kg/ m’s 0~1,500 kg/ m’s
AOH 77 —IVE ATsyp, 2~142 C 40~80 °C
KRR A Bk Bk
K 1.0~13.0 kg/cm’abs ~2.0 kg/cm’abs
wLDmE TFrlfE. LA AR, LR

JRR-4 > U4 FEEHELOBUKIREITICA 2 DNB BUREAHMAE. EARETHE
MTTFERDE KL THOS,

O TFHE (G<0) OHE. TR 2ADEON/DELEEZL 5.

- . 0611
Gpyg, = 0.005-1G ‘ (E-1)
: A AR .. R
gpysz =~ 5 |C ‘ (E-2)
A hfg

LED 2 R S BAZESRADEE DNSOERE, KADEE L B,

172 vz 174 2
Ginas = 072 W-(——p" p‘] 1+ (—pg ) (E-3)
Ay g Pe— Pg

@ LHK (Gz0) OBE, TR2XDEDHAZAEEL S,
G.jD.GIl (E-l)

Gpygy = 0.005
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2

yy V2 [¢ 174
Gons: 07%{W(u] } / [14,(;){*”_39&] } (E-3)
ZIT
gong ¢ TEROT DNB BUEH |- ) q””ﬂz
by /( < ) 8PPy
\ P:—Pg |
¢ mpoRHEHE (- O
() e
doxs  : DNB#JiH [keal/(m?*s)]
G : HEME [kg/s]
g, . FFEIRE [keal/kg]
o : &EERS |kg/m)
P, - fAFROEE [kg/oP]
P, : BFIESOBE [ke/m?]
g . EAMEE (mvs?]
A : TEEE A [m2)
Ay : JnEE R [m?]
Ak, CIRBALY T - [keal/kg]
W : VB DI [m]

JRR-4 OEWEH (F.OADWEKEBEL 40°C) TTO DNB Bufi AR OM %A
Fig.E-1 IZ/R3, FigE-2 id. FigE-1 @ DNB ZHFAHMAOBH% DNB 2k 3 (W/em®)
EBARIRAE (mvs) & DEMRICBE L2 LD TH 5,

Fig.E-1 U Fig E-2 IR & D ICE BRI (IG¥=2309. | v |21.57(ms)) Tid. EFEK
T DNB B4R IE Eq(E-)THA 541, €04 0 I#EMMEC (GH<309, | v |<
1.57(mvss)) 185 &L LRIRIT Eq(BE-1) T FHEIK T Eq.(E-2) TZH L4 DNB B
BZohb, IOICMEMES (BRI ¢ I6¥<3.06+ |v]<1.56(cmvs)s TG : |GH<18.4.
v [<9.37(cmvs)) 785 & EFHRBERUTRFIZIEDNB BRHO TRMIEFEL. TDMEIT
Eq.(E-3) THA oh b,

JRR-4 JFFHFHEETid. FigE-2 19 & 51T, 35Mw EHsiiERgak (Fl
HNOMAITTRE) IZId. Eq(E-2) ICL D DNB BiiiRAG A 61, 200kw HARFERG
HE (FORORAIZERE) 1S3, EqE-1) iZ& D DNB BRENEZ o b, HEN
#1 1.6cmvs (EME) o # 94emvs (TIHE) 2 THAS X SIS0 5 & Eq(E-3) T DNB &t
WEZ oMb, _
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1.0E+00 : [ : — :
1 i
Tim=40°C
IG*| =309 . T
-
1 N /f
10E-01 |—m JRR-4 200k W K 1 7 BER s
= (AWM 16"=9.42)  Eq.(E-D) // If
[ . — Pl ]
\ 4" orm P JRR-4 3.5 MWEKH HEBEWR |
/é,f CAMMMPIE: [6°]=279)
IG*}=3.06 /f//.:\i A== Eq.(E-2)
. T g% Dvp3
1.0E-02 ,& ! ‘/
En.(5-3) = G*]=184
g oNBs T
Y , [
E >
1.0E-03 }
1.0 10.0 100.0 1000.0
[G*] )
FigE-1 JRR-4 T L7 DNB #ifHFMHEHX (2D 1)
1000.0 " =
— : 5.
i~ Tin=40°C AL
1.57 wis L=y
s
JRR-4 200k WIEH 177 R //T
100.0 (ARERMH: 4.7 cmin)  © Eq.(E-1) T
i N | ‘L
it /’/ JRR-4 3.5 MWIZ s H 71 M ER ||
P /’ (RN 1419 mis)
1.56 cm/s A ol A Eq.(6-2) |
10.0 i -l — onh
Eq.(E-3) 9.37 cmy/s
4 DNE,3 N
[ # d
7 7
T 7
|
1.0
0.001 0.010 0.100 1.000 10,000

Fig.E-2 JRR-4 T L 72 DNB 2R M (2D 2)

WHAKMBORTE |v| (ws)
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fH5EF  DNBEGEFAHEREIRONR— R EML - THBHEERITDNT

BI% L 72 DNB BAHAIBRIIERRTH A0, EROEREHET2MT BT
DNB RV ITHN T BLENS L, Lichio T UTOEBIK DL THRE 270,
T G R— A DTS AT L7,

(1) SEEFAHOFH

(2) EREIBIR

(3) BEWHZH D DNB KB T~ 7 LMLORBRERFIZ L 57 — 7 L DK

Table F-1 |2 DNB G HEARBEROERICAV SN TF—F N — A bR M S HE LT
R, F—AAN— A, I EBOERREH A HC LTS,
F7o. LIFIC DNB i E AR SO BERICHW A HBROWMEL T T,

@ Rogers et al DFEEFY
FEBOHMIL, ERRICOVWTIERAEE TEMRE LALERTHLIETHDH, Fi.
FEHD 1.56 kg/emabs E1EL « TIEAEFFICBMAELZEATH LA BHHTH 5,

FENKEBENITILOBD TH S,
- At & 7k
DR X 0 BRI
- % IE 77:1.56kg/cm®abs
- & : 60~1200 kg/m’s
- it 3£ 0.06~1.26 m/s
- ADKIE 2 20~80 "C (AQHTZ—ILE 1 91~31°C)
- BRI ORIR - EEBRRIER
- REHBRONMERUHE - A% 22 mm

A% 13.1 mm
- IKSTEMIEE De : 8.9 mm
- REARBOMEE L: 048 m
- HEREOEELL L/De: 54
B, MBEHEAE 13.1 mm ORI TH 5.

@ Yiicel and Kakac D EE™
AEBOBEIT. RBHESF ¥ v 7 5=635 mm OERBRBTHL &, READT B
1 kg/emlabs TH 5 Z & KU LREFKO DNB B OE & T RO DNB B R OfHZ R U
WHEOREICH U THBELTHWAZED I HTH S,
FENEBREHITHEOMAD TH S,
- i 17N/ <
s @mhorE - EFRETT R
-% K 7 lkg/cmzabs

- IR & 1 1250~6250 kg/m’s
- i #H :1.3~6.5m/s

- A7k 1 58~97 "C (AOW 77 —ILE  42~3°C)
- BRI OB - EEERRE
- BRI OSTE Wil IEE 9.52 mmx 6.35 mm
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- KA EMERE De : 7.62mm
- BRI ONEE L 0305m
- AR ORELL L/De : 42
k. MEERILEENEOEFEANE X 9.52 mm OEICEEE . il
B TREEZIT - TE D, NEHAIORILS84mm TH S,

@ Kirby et al. DEBR
KEBRORHIT. RIEAD 1.76 kg/omfabs TERETH S 2 & MBERN 637~2712
kg/em’s T+ _L#B®D Rogers et al. & Yiicel and Kakac DEBR TORERP TH/ N —TXAF
WEMEEA AL TBI &, KT Yicel and Kakac DHEE SRR, W] UHHE D Hi#
G T L RO DNB i H & FiilifiD DNB BWRHEA B L THhAI L. D3RATH S,
ARSI T RO Y TH 5,
- It 2 7k
- ImhomE - FEFRAUT A

§?

S

- % HE 1 :1.76 kg/emPabs
- i & : 637~2712 kg/m’s
. ?ﬂi # 1 0.66~2.8 m/s

- AOZKIR 1 69~112 "C (AT T 7 —IVE  46~3C)

- AERB O - EEHRRRE

- BB TREEOFiE  Wifi~HEE 25.4 mmx 25.4 mm OFRESIC 7.62 mm
nEdEA HLERICERIE

- KA EMEE De @ 19.1 mm

- HERTEBONEE L 0.152m

- ABRE ORI L/De: 8.0

@ ZBS (BUA) OERED )

AERCIORMIT. BHESD 1 kgomfabs DIEETH B &, BBHRBEF ¥y v 7
S=2.4mm THRAFREFFETHOSATOSBRBEROY 7F + 2 IF v v TITHERITE
WHEEMEREB TH B S EL RU 0 kym’s ZEHERRTO LRIRO DNB il & T
WTO DNB 8 HOMELHEICHEELTWAZ &, D3 ETH D,

FELAERFMAETEOMEY THS,
- iR &%k
- HENOEE - ERREOT R
&% KR i lkg/cmzabs
- i & : 0~600 kg/m’s
i #E : 0~0.63 m/s
- ALZKIE 1 30~85 "C (AOY 77 —IVE  70~15°C)
- HEEBOBIR  BEBERE
- HEAREEOTH: - WE T 2.4 mm x 40 mm
« FKJTEMEZ De : 4.53 mm
HBRHMBEONEE L:035m
- BB OERLL LDe: 773
k. IEASZEIENTmOETF H AR E 40 mm O EIMBAEEAE R . HEb
#EWEMEAD 2 >OBETEEEIT-THED. MASOIRIZI0mm TH 5,
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T, ZESIBAERBYFHOAERP LT - Thb, FEBROREIT. REND 1
kg/emlabs DIRETH S 2 &, RU0 kgm's £ ELIERRR TO LARD DNB Bt & Tl
#TO DNB BVAEROMEABREICHL L TAEIE, D2ETH S,

FEAEBRFIITLOMBD THS,
- ik & 1 7k
AN ORE - EFRATT IR
-% L 71 1kg/em®abs
- i & : 0~1130 kg/m’s
- it o 0~1.15 m/s
- A7k :30~60 C (AOHYT Y —IVE : 40~70°C)
- RBREBOER - BEMERE
R ONE 6.0 mm
« ARFTEMERE De : 6.0 mm
- AEBIREONESEE L:0342m
- MERITEE O R LDe : 57

® Lowdermilk (D5ZETS
EEBRORESIL. RIENH 1kgiemfabs DIRETH B T L KT 65~12700 kg/m’s £ TD
iR BRI DI - TEBRET-TWAI L, D2HTHD,

FENEREWHIITHROBRY THS,
- i &« 7k
- HhOmE - LA
- % £ H:1kglem’abs
- i & : 65~12700 kg/m’s
- i ¥ 007~12.8 m/s
- ALK 25 "C (ALY 77— VE 7570
- HEmEOIER  BEEMNEFIRE
- BRI ONE 2.4 mm
- KAFMEEE De : 2.4 mm
- RERGEEOMEAE L:024m
- BRI OEELL L/De @ 100

@ )E W»@@%gﬁ(m (F8), (F9), (F10)

AEBRFOBIT, REAH 1~1.2 kgemlabs DIKETH 2 Z & RBEBIF ¥ v 7
$=225mm CTHEABEFFTHOONTOAREEROY T F ¥ VR INF ¥ » FIERIC
FECEREMERETH S ZE. NBARISHEBRETFTHO N TOWARBERDOINAE
KIZIFE LI E BT 0 kgms 2 SHEMETO LFRO DNB Sl & TR TO
DNB BUREDMELZ WREICHIL L Thd 2 & D4 8TH 5,

A EREHILITRROMY THS,
- i % Ik
- HENOEE - AR T R

- & E f1:1~12kg/em’abs
i & : 0~600 kg/m’s
i i#E : 0~0.63 m/s
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- AOkE 1 19~80 °C (AQ¥ T —IVEE 1 81~20°C)

- HBHB O EEBBE

- AEBREOTE - BISTEE 2.25 mm x 50 mm

- IKFTEMEE De @ 4.31,5.30 mm

- B ONEE L 0.75m, 0375 m

- HERIROREL LDe: 174,71 _
tl. BRI S IEN T O BT A AE S 50 mm O EICINEEE M. Wdin
MTHEET->TED . NBABOEIL40mm TH S,

F7-. BEUFCREARICEAS R RS ERRBE ORI BT - T 5, £
FEBROKEIT. FEHD 1 kgembabs DIEETH 5 Z &, lBIREAF + v 7 8=2.25mm T
MERETETAOCON TV ARBEROY 7 F » VAR VF v v TICHERITEO T
WEETH LI & NMRESHRABEFFTHOSATOAMBEZEONARIIZFFLL
S, MMERETFEIC B A ELR TR R oA L T35 2 & RU0 kym’s &
SIMEIRETO LAEFRO DNB BFHE & F i TO DNB BiEEOHEL HREICH L TH
L&, DHETHY, MEAEFFOENICEERETESAFEEA LTS,

FHELERFHITITILOBRBY THS,
- i f& K
- FRowE o ERERUTRIER
- % E  f7:1kglemlabs

- i & : 0~1000 kg/m’s
- it o 0~1.04 m/s

< AMKE 122~96 °C (AIH 77—V : 4~78°C)

- BB oLR - BERERE

- ABRRE O~ WiE I 2.25 mm x S0 mm

- IKFAEMES De 1 4.31 mm

- SBRBOMEE L: 0.75m

- AEH O EELL WDe: 174
b, IEENEEMINOEF A HE S 50 mm OEIZINESSE B Wil
BCTHREREFT - TE D, NEEOIRIE 40 mm TH D, T, FEBRFRITHET
Al RBGRHEOLIIL 1.42 TH B,

X 5. BUFTIEI 4 E TD JRR-3M %0 JRR-2 T b~ B O B HM IR B+ + v 72
EVEBAOEGHBKE~D DNB BARIBEROBAMEH SN T EDOERD S
Efi LT Do AEBROHIZ. R 1 kgomfabs DIRETH B & SHEHHD
Fp w T $=5.00mm T JRR-4 TAWSNTWABEERDOY 7 F & R IF ¥ v FiTd
HIEMIRARBTH A & MAENFEARE FETHOOATO 2BREROINBERIZIZ
LA &L BT 0 kgm’s A FUEHKETO EFHO DNB S & THETD DNB
BIRHOMEFARICHELTHAE L, D4 ETH S,

FEAEREHRTROMY TH S,
i &k
- HAOmE . ERHEAU AR
- % [ J1:1kgiemabs

in : 0~330 kg/m’s
i & 0~1.04 m/s
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- Ak 25~98 TC (AQHYT I —IE: 2~75C)

- EEHEBOER - BEEERE

- ERFEBO-TE I 5.00 mm x 50 mm

- IKAEMNERE De @ 9.09 mm

- EREBOMEE L 0.75m

- R O RELIL L/De : 825

. MBS EEMTmORTEHEES S0 mm OBEICMBEAIM . HER
BTHEAIT - TED . NAEOERIZ40mm TH5S.

—F . IMTR OLEEBIIHETH-HOREITIE #HAHPMEIN2HED DNB Bt
HAH BE =D A 7 A BR 6#&:?5f:ab@?é:'ﬁ{m)%%rﬁbﬂw%o REBROKEHT. RE
JII8 1~13kgfem’abs TH D Z & MBREHNF v v 7 $=2.70mm TUFEMETHFTH S
NTOEHBEERDY T F & /:ﬁw#w v TISEOHIERAIRE TH 5 Z & BRSS!
LEEFFTHOOOTOARBEROMBRRISZFHE LI &L RU0 kgm’s 230K
METOTHHETO DNBERRELFBELTNAHI E DAETH S,

FEAEBREFHLTHEOEY TH S,
- i &Ik
RO E TG
-% [E 51 :1~13kg/cm’abs
- i & : 0~4360 kg/m’s
i B 0~4.40 m/s
s ALKIE 149 "Cc (AT —ILE D 51~142°C)
- RERRES O - EBEEIEHKR
- KERRIEO - ¥iETHE 2.70 mmx 42 mm
< AKAEMERE De : 4.93,5.07 mm
- EEIREOMEE L: 0.76 m
- ERRIEBOERELL L/De 1 154, 150
ik, MEARIIZEENEROBETFFNES 42 (28) mm OIS IMEAEZ AT, @
s TEBRAIT - TH 0. INEAEOIRIL 308 (17.2) mm TH D,

(&% 3wk

(F1} J.T. Rogers, M.Salcudean and A.E. Tahir ; Flow boiling critical heat fluxes for water in a
vertical annulus at low pressure and velocities, Proc. 7th Int. Heat Transfer Conf., Vol.4 {1982).

(F2) B. Yiicel and S. Kakac ; Forced flow boiling and burnout in rectangular channels, Proc. 6th Int.
Heat Transfer Conf., Vol.1, p.387 (1978).

(E3) G.J. Kirby, R. Stanifoerth and J.H. Kinneir ; A visual study of forced convection boiling, Part 2.
Flow Patlerns and Burnout {or a Round Tube Test Section, AEEW-R506, (1967)

(F4) ZBE—R. TEER ; BERAEMET S 7 PHOKORRBGRR, 5 20 @HARER
B R Uy LIREGRCE, p.169 (1983).

(F5) K. Mishima ; Boiling burnout at low flow rate and low pressure conditions, Dissertation Thesis,
Kyoto University (1984).

(F6) W.H. Lowdermilk, C.D. Lanzo, R.L. Siegel ; Investigation of boiling burnout and flow stability
for water flowing tubes, NACA-TA 4382 (1958).

(F7) Y. Sudo, K. Miyata, H.lkawa, M.Kaminaga and M. Ohkawara ; Experimental Study
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of Differences in DNB Heat Flux between Upflow and Downflow in Vertical Rectangular
Channel, J. Nucl. Sci. Technol. Vol.22[8] pp.604~618 (1985)

(F8) Mk M. Bt Bk, M M. Ml BT REEBREICS T SIRARGE
FZH T A ERNTE (—ENAOEE LBISHTOBE L OHED) | HABMS
LHNE BHR HS5175 (1989)

(F9) Y. Sudo and M. Kaminaga ; A New CHF Correlation Scheme Proposed for Vertical
Rectangular Channels Heated From Both Sides in Nuclear Research Reactor, Journal of Heat

Transfer (Transactions of the ASME), Vol.115, pp426-434 (1993)
(F10) /NE FiE. KB BB Mok M. BE BB, B SO Bt R &
B, TR EY NEESTICHE Y S HRIRRE O DNB 2RICH Y 5 RBHIEE

7%. JAERI-M 92-097 (1992).
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585G PO AREEEW COEHHITDINT

FOADEEIL. S25484 GEUERER) . 2REGHEOEE. #TBREBOHERT
R TOAR, BEDSONBMEDOEKITL DET S,

JRR-4 TlE 1990 FOBZHRIMARRHATEOERE., BRFEOFERIZX 2 EBEOETHH
MR (S841) &tkizhic - TED R, A TERDIEEITIZE D 2 FRICIIHEER
[ EDABEE X A8 DALRNSE U, 0k, FREEEREROEHAT VLA
STt D &L LIS RBOMER AR S EE L, 1991 FEIF B BECR
YEL. 1992 fEREICEH Lz, A SO—HEOMEICEOIHRE R OB EIRDILL E0EE
YR Ly ST, FEEIC L TEHFHEDOTFT—FiZ 20T H 1994 FF 5 HAETIIOWT
FEpohi, IO TR, RO ERAESNICEARSZMEDERERICEINT,
FNATIHRERES 40°C £ T5 2 DF LTS,

Fig.G-1 (3. [HBGTRBOBFEEEGE. FOHORE. 2 RBHKBTREA TR
DA BTRBORFLS IR THIWIES » HLE->TRLAEBDTH S,

RS (3SMW) OBERHTELFEOHOEEARETSERIIT. 2
KBTS A THERE, BB BOBEEEER. L IRBEKR L TOAS., | RGARE
ENSDORBD S D, —H. 2IRGHKBZRBADEREXRET 2E R, ARl
B O(HEIBERIEEE) o 2IRGHEBOMEE, 2 RSHIKR S DA, BENSDOHE (&
ZUNEAE) Db b, FigG-1 WRLFOMHOBER, IHhoREREZLTIANLLD
Thh, ERHIEEEOFOHEADRESZS 72 °C 35MW. 1RSBEVKKR 7m’/min
Beio 351 2R A RS 20N OEENSFIC I EEDFOANREDRLE
HAHIENTE A,

2 IRVSHIZK B S A IR (TI-12) OFMEENT. BEEE (W10 °C #1LAMS
2 Hicovid T8, 3 AL SKIEBIZER A I LR ED. 8 HIZEERRE (81 30 °C)
ITEEL. 9 YA S HE 2 A TIRIFEEMICE T 5. FOHDEE (TRA-1-
2) 3. 2RIBEIKEGT IS A TR (TI12) OFMZEBHIE S BT, BaiED
BB OE T IR G L2 IC PR LTV 5, {LFEESFBIRICE T 2 BIBRAGHOE
T iE#T 750 keal/m®h 125t L TL TRA-1-2{3#5 °Cc FFR LT3, FigG-1 IRLIH 3 &
6 » H OMBEIRIcH T A BREORAEIZ 482 °C (1991 F7H 26 H) TH b F
L TR 48.2 °C KFIZ B B L AR (L. 48.2-7.2=41.0°C TH Do

Bk X S AEENC L b, RGBS, RURREREEOR T L ARMIZED
5E &I ORI LA - B OBAHRIICEH I N, BHIIHT - T
BELDBPBORERE. CNETEVH 2 °C MEIFRLHIUEHEFEATS
T EABRGTEBOBHDELETEE U, 7oL, FREZEEAMED L LBIBEDIE
AP OEBTTHHLT. CREFOHARZ. FEE2RK LEBREOERREAEINTL
&L 1 ESYOERERE CNETO 12006 142m* I KT 2 & &L

Fig.G-2 {3, EHHOMTHBOBHGERRE. FOHORE, 2 RGAKAZREA
NEECEEZE2EI s AllE-TRLEDTH b,

2 RESHIKBA B A RE (TI-12) OFHEBEMIZ. FigG-1 (I3 LK E) &Rl
THAHEI EDDN A, —H. FLHCEE (TRA-1-2) 3. BREEH#RESER LI E
itk D, HBSHRBOBAICHVERXE ST 5, 199455 HETOW2HEI »HO
MBEMIC BT A OB EDR AL 43.4 °C (1992 4 8 F) TH D, FOLIERE
43.4°CIFIZH I BHFLATIREL. 43.4-7.2=36.2°C TH 5,

Atk BB OB LEZHOEK NICL DIFCHEOHRE (FOALDERE) © LFNE
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ZONBM. FigG-1. FigG-2 IIRLIck DT, KBEDOEMLICTK S 2 RmEk#HhE
ACTREOZET T, MARZIE -ETH D, IHhE TORGHEIBOEIRES) 5 ARTMED
IR GEREAEUNCENT A 2 LIl & » TR OALHRES 40 C U TR Z &34
AEETH S, £, FULALDEES 40 °C S LT, BEEERHOKRTHEAN,I S, I
FTCERBICBZBRBORFERPUEAKIERERR TS0 ELEL o0, FLAD
BEDOREMA0°CIREYLLDTH S,

(&%)

PAsOEM & HETICAR D ROk R . JAERI-Tech 94-016 (1994).
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THERMAL CONDUCTIVITY (W/m-K)
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VOLUME PERCENT (fuel + voids)

Thermal Conductivities of Uranium Silicide-
and U30g-Aluminum Dispersicn Fuels as & Function

of Volume Fradtion of Fuel Plus Voids (Porosity).
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