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Thermal-Hydraulic Investigation on Several Fast Reactor Design Concepts

H. Ohshima', T. Sakai', T. Nagata', A. Yamaguchi'
Y. Nishi®, N. Ueda®, L. Kinoshita®

ABSTRACT

The feasibility study (Phase I) is being carried out at JNC to build up new design concepts of
practical fast reactors (FRs) from the viewpoint of economy, safety, effective use of resources,
reduction of environmental burden and non-proliferation. This report describes the results of the
investigation, related to decay heat removal, core/fuel-assembly thermal-hydraulics and
thermal-hydraulic correlations, that was performed in fiscal 1999 as a part of the feasibility study.

In the study of the decay heat removal, the effects of several design parameters on the
performance of the reactor vessel auxiliary cooling system (RVACS) in a middle-scale
sodium-cooled FR were clarified by using a plant dynamic analysis code. The upper limit of
RVACS performance was preliminarily estimated at approximately 0.5~0.6 MWe. Numerical
methods for the plant dynamic analysis of gas- and heavy-metal-cooled FRs were also developed.
They were applied to the preliminary calculations of the transition from scram to natural circulation
and the transient characteristics in tentative plant design concepts were clarified. In addition, a
dimensionless number indicating natural circulation performance was deduced for the comparison of
several plant design concepts.

With respect to the core/fuel-assembly thermal-hydraulics, numerical analysis methods were
improved for the pin-type fuel assembly of gas- and heavy-metal-cooled FRs, the coated-particle-
type fuel assembly of helium-gas-cooled FR, and the ductless core of sodium- and heavy-metal-
cooled FRs. As preliminary evaluations, thermal-hydraulics in the heavy-metal-cooled FR fuel
assembly was compared with sodium-cooled one and thermal-hydraulic analyses of carbon-dioxide-
and helium-gas-cooled FR fuel assemblies were performed. The analysis for the fuel assembly
with inside duct of sodium-cooled FR was also carried out.

The correlations of pressure loss and heat transfer coefficient were investigated for the
thermal-hydraulic analyses of the core and fuel assembly of gas- and heavy-metal-cooled FRs.
Many kinds of correlations were picked up and examined. From the viewpoint of reliability and
usability, the appropriate correlations, which can cover from laminar flow region to turbulent flow
region, were recommended. At the same time, it was shown that experiments would be necessary
to ensure reliability of some correlations.

1. Thermal-Hydraulic Research Group, System Engineering Technology Division, O-arai
Engineering Center, Japan Nuclear Cycle Development Institute

2. Nuclear Energy Systems Department, Komae Research Laboratory, Central Research Institute of
Electric Power Industry
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2.1 RVACS R&#h A% ST

ERIPDERIESERFE R (Decay Heat Removal System : DHRS) @ 1-20TC3H 2 IPRESHIEIE
B H % (Reactor Vessel Auxiliary Cooling System : RVACS) . BhEYZ:BisfsRAME
ATE2VERIBVWTHRBICHFT AN CELHET Y P TL RS Th b, =
@ RVACS #3HH L. Bif97% DHRS # SEBIL s A Z EHATERIE, 757V VBRI A F OER
DUAREHEXEL 5,

ZIZTIE, CORVACS #XRIZ, 70—F v bT—7a— FIZXABERIT, 77> v §

CHEPERRMT 2 — F CRRES®Y (T X 2 FAMRRICHT 2R 2 =ML 72,

2.1.1 ZO~% vy b7 —90— FiZ & 3 BERK

(1) RVACS D> R 7 LIBR

RVACS Y A7 LHEHREHE 2.1-1 X7, RVACS ZIRAL Tw AT, RFFEHES
(Reactor Vessel : R/V) PIELRESICAN Y 25 4 +— (Vessel Liner : V/L) #ZEL
TV, NSLiZ, 2O VL Eigk ) bEAIEICHZ, RV E VL OBDT7 =25 X2/
XI— VTV F AN - TB Y, BEERRETIE, VL OREISEy b 7L T4,
VLAEDT7 =2 AEBIZI— VT L+ LTH 5,

By R BEERRE OB L v o BRI B WU, FREFEDOLRIERTEF M) Y
LADWRIZE Y, F M) LEREY LR T 5, AP VL binEER5 L, PEERHE
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(Intermediate Heat Exchanger : IHX) 28BHTA2ME L, TO7 2T AZERHIC
Ry bV FA, A=V T LA EETLIHBETE 5,

7 =29 AZEIE, RV, BEFERELES (Guard Vessel : G/V) %@L T 6/V A
BEETAERBHE L ORKBE L BRT 5. TPV 72D VL EImDF—N—T70—F
BBIcEh, Toa g ABEICIIENE CHEELLBEROT M YAIhY, BEROT b
)7 LAHAT B RV & G/NVIETORZH, BLUG/V EEBREDHTRTIE, #h<
. BXUHANEFIEEREECH ). JOBRTREFEIRICR 2 LBITRE M
L. FEHEIZ RVACS BRELDSBRIET %o

(2) RVACS #8RALATZ > FDEFIME

RVACS DRREUSEMZ M T 5772010, /—FYVrx 2 avEilib70—Fy b7~
72— FEBAVBEFRITERT 5. BITOMRIE, ERNIZIZRVACS 2 BALARE
B2 77y NCha S-PRIM T L4, FMEREt7— 7 PAHLR-O, AFXRE? X
= ZEL DADNF— T ZHB L7z, L oT, TITELNBERIE. S-PRISM 20
b ODOBEHIFE T EEMICERML Ta vy,

B 2.1-2 2 RV AEb B £ R ¥, R/VIE, EFEH 9.2, H 49 19. 6n O HBHIHER O
HELTWD, 1REHH THX O3B X U RVACS AR IRED—EHE2ERTH7 =25 R
2R (BAFE, ¥y rd=—EIER) ©F Y ABORE, FEOLHERE D ETEVWEE
b, I FABFYryhe—2oRET51RFIMITAE, COFETaAa-LFT
VFALRZEAL, I REBRERE Y 72BHL TROIIKAT 5,

X 2.1-3 IC RVACS LA b B IEEDBE R RT . R v VB 2EDHEY 7 P EeFER B,
A Yy 7 NERO BRI THRIIRARE TH %, ARV—Y 3 ¥ 7y FTFHIC
BIDAY v 7T ERFEREBREN - Twad ERE L. O/VAHOZER LRE
1318 16.5cm DT == F ARBKEBTH 5,

(3) v bT—UETN

HEHRREE 2 1-4 0T T . AR TE. LRESHEE L RVACS B X7 L5 4%
IZEFMELTWE, /= FEL1 7. Yvr23a vl 4Ths,

RVAT L F AEHEFMEOBEER 2.1-5 IR To / — FNo.1id, FOHO4 5 TH
AOETOEREEFMMELTBEY 420 Ay Y2 lZHFLTVEHES A v ¥ 2T IK
AOEHSECRELEAL, Z0%, $4 Ay Y2 TRFCHA, K AOSHICIE
T2, /—FNo.2id, IXK AOBHEISNSL FTORYDERSLFLEFEFMELTY
Bo /—F No.3 . BEEERIETIXT MY 7 AXHELTHRBEIC L Y RET 29
W, BLUF RS AhF—N— 7O —FEFEIEFMLLTWVS,, REHF T, ZO4E
B BEORARLETFNMIEAANL DO, F—"—7a—DaidEs L 2wk H i
REZENBRZRENIIMATEBL NSL o F—N—TO—-PHHRICAS-+T5F
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TOHELEE, EOYHAADRESR, 2T 2UNALADEEHESIRETH & E
ANDb00, LHYBORL HIE2 28co~44cn BELFEEESNSL, T2, / — FNo. 3
OHRBEFICEME NS F—/— 7O —BORMNIT, #HEL TH—-1"—70—FT5560
BESEEIZ8den & Lo /— FNo.d 3%y v hv—TRIACSAZHOFEZT )0 / —

FNo.6 (3 IHX, No.8 i R>» 7/ Tdh b,

JELERIE ./ — F No. 15—No. 17 THEET 5, No. 15 A F 5 A /3-8 No. 16 8575 >~ &
v MEER No. 17 25EETH 2, Pl BEEFRL LOFERLREEIC VTS, —TF
HTHbD, ThEFTIZHRIFOSLELOREFETEERAL TV S,

Ry FBHIOWTIE, BER Y 7O 70 —a=X b H—T7HRHEL 0, 2L #EHE
BodLERRRY 7O QHER D — TR RV, By 7y FiZown Tk, BABREN
v FlcH L CTH a8 o -BETHELERT LT,

FRERITFLICO AR L T 5, EFDERREIC B 5 1F.LEERD S BIRERREK
FRDODTWE, FRPAD ) — FTE, Re BUICETWBERBRFREZAVTV S,
EETERECBO T, /= N No.d OESBEEEECKERECRELTSE
FO7z0F P Y ARELIC IHBICEA S BEC BV T, BIZRF MY 7 L4658 -
B EF—LTBE, BELLFEEBARBET, EHBRELERECEACH Y
o chick ), V0L Lo —N"—7u—EEERLTwa,

BT ERE IR E HREET 1000MF TH %, IHK OF#ie b WS EREEFKE LT
Wb, IHL X 23k F F U 7 ARNORBITETTFAMEL TWE, AR T, 2KF
VY LBREPERBLTV LD, IXBABIIANEL 22,

PRI R L I3 F v Y ANDEETEFTMELT WA, THD3F ¥ X FD
P/F X+ _TRCEE L7,

€] 2. 1-6 2 RVACS ASTHRE F L TR TRV & 7 — F No.4 & OBSIAHIC 33T B EE
& RN DEAZEE IR L, RV ORBERESIL GV ISHAT 2EICEIT TS, 72, 6V
OFFERFTRD RV ICHETIEICREL TH I 6/V &K & DHIHRITIZ G/V DEIR
L AR AMMEEEEE L THESTI 0 R & OV ORI ACHOAEER LI, /
— FNo.4 &/ — FNo.l DFIZAGEICL 2HTHREEZREL T 5, S-PRIMDIFE, 22
KA I BEER BT AL E—FaL 27—, P v —2RELTWS, 2
DLFAEMRREOEEBEICE L TOEHRIT v, F2C, ZOZRARMEECEAL T,
EEEOHLPLRBAMECERTY (BIHGZHVARHEERE L LT, K<{jt
S ER ENLREH VB, RVACS A5TEIIA — /N — 7o — LT b &%, BEEKFIC
BEhatEEERL TV,

ZERARBOEFNZE 2. 1-TIZRT, BT 1 3EEIISE L., FAFhOERTE
TEREEEL TS, AOES (1), R¥ vy 7 TH (3). RVEETHRBADO (5).

CRVTEU S =% (7). RVEBTAF—TE (9), Ay rT#H(11), R¥v

ZWOE (13) BT, WA, RS DL EORRFHREERE LTS, 72,
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FRUNADEB T, MBHEBERFZRLTVWA, ZEROHEICEBLTIE, ¥ 1L A
FyvTICBWTENEENBROHENPLHEERD TS,

(4) PEARSERF
B D7 ODEAN EEEEUTIIER S,
- BEBCEEEE 558  (BIAMR@THWABRRAFE Fna-X ¥y

ATtk B)
s A== 7O —FIgEA 28cm
X BRRE 0 IKEECRA (P v 750 %)
WIE (50 #>—600 )
- EARD 0.25% (600 Fp~ A — 73— 7 o — B #A)

== 7 O0—BEO IHREIZHA (GF—/3—70—iE~)
(72721, EBO 0N TFIch oA T0)
- BRES. . BAECHV M FELOE

MRITEES T, RVACS MEED ML INET A L o B EP S, S % BIESRE 0L
BE Ll Tl BT, Ao 7T — ¥ 2 HICEMLUAAT T~ FHWTEY,
FIBERZZIHIC, CITHLNAHRIIPRIMN ZO L 0OBRMASEM T EENICEML X
iz, HMEERERICED TWEWY,

(5) ERMTRER (BEET-2X)

Bl 2.1-8 ILHMEDNELETFRT. M)y 726 1B 10 FRICAH - N—T0—dFE5L
TWwb, F0#HH 30 5 TERD I #1205 RVACS INBITL TWwWa, BTk, 80
#0.5~0.6%DMETEELTHBLTVEZ b2 b,

B 2.1-9, B2.1-10 1% ¥ A< HBEADF b U7 A, RV, G/V, BXIREB L UZER
WETRT o A== T7U—RBRICECT M) T APEY T Y H<ERICHANAAR, &%
DBEVRLEALTHBEIERGPE, TO7—XTi&, R/VHHE 540C. 6/V A% 350C,
ZERMIIREDH 80C, BREXE TOERIEIIH 3.3n/s TH B, RV, G/VE BXU
G, ZRBORBELLEIOKE (FMINTVE, TGO FORTRMEFEYE -
SENIT, 2RELTOBRBREL L VRS TELITEREEZF O LG5,

M 2.1-11 ICAFRBLTRYT, F—/5— 70 —FEUENIL I 285 L TORRNET
HBAE, F—n"—T7o0—FhE & HIZ, RVACS BIDBREAEIZ R o TnB T EHF 5D 5,
HFDOEBIE LR L FLET Ty ATHF V) T LADBRTRETHHH, & —/1—70
—RtEEIL, MBOREEZFBIL, TOEPETLTCWAE I RGPS, &BRBREBELT
Dy 7. 2B TTRIEBREBAI TV,

B2.1-1212F MY 7 AREEZERLTV2, 1 RGHHERERREIX 726CTH %,
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(6) FRATIER (NTX—8H—~1) .

NG A—=F1E, RV -GVEDLLHE, Ay v 7B, ERMMRBEER, ERUREE
MPERE, F—N— 7O —BRETRAL. BERE L, BB, FAFhO/I5 A — & ZEREF
POMVIZESET VDS,

F2LI-MIZFRFRDIT A= FE&ATTOFY VAL FLRBRELXERTI — A5
DELLTRT. RED. RV -GV EADS B, EREMMCEERE. BEROZELE,
Fo P TLFARBSBECEECRERES I LFSNE, TRICELTAS v 7B S,
ZHRAEFHRERE., dEHRELFEELS IV, 2, BEWEOFRETY (20m 0
IMTH SCHET) LETFHEASELZ, ZOBHRE LTI, 4EHERE LR85 HR
BTk, B 6/ BENE .. BRAKIFS T 25 0RESIKRE L, HiE
EEFLEVEIEVEOTHELELLND, £ —N— T70—FERMAIZ, &y F TV
FARBREIEIKERPBELESLTWE,

2. 1-13 12 RV - GV D5 SR ZF RS/ BHEDORVACS HAY 0REEZ R, &
D, SH{EEFRESREE, RV -GNV HBEEFELSLTWE I LGP 5B, LnL,
BRAEBDOWAIHEVATRRERIEML, 7 M) Y ARE - RVBREFETT57:0, 6/VO

0.8 05 0.9 ICHIMT 2L, L AEERER 23CERL TS, R/V-G/V B OEHE
I, SCEBITBRMRIEZONLE, REWSEZAERTHLIE2L, &

CHOFESHFERNTHLEELZLRE, L2L, LYBEORVTFRNIIL, BARMEERD
RO S LBEEEZ SN, SHEBF RNV,

B 2.1-14 CZERHAEEEROZEY TR T, ZERAERBEEEROM LR, &Y TV
FLARBRERTICHEECRELEZ B LTG0 D, B, EA7r — A5 ZERM#E
BUEEMEICTHELIV IO LA, ZRABGEERESILSELHESIREITKE
Vi, ZHUE, BMEBEOERTIL L ZEREEZORE LFEFIZ, F—1— 70— REORE
HERLZZEZEAFVITLO—KFS 7 PHDETIZLZ2HFEORITEELT
WHbnEEZLND,

B 2.1-15 i —/"— 70 - FERDOZEE R T, HP5, #—N—70—-0DF 1 3
¥ PN 18em & 38em DB A TH | BERERLZ 200, BEICEIBEELIIEA
XREBEEITOREVWIENGNE, TREREEWETORRIELAKRT, +—1—
TA—DF A IV TR o/ e, ¥ I<iRENFOS AL, BITHREIEM
Ly BRELTTVFARBREILZELESA2VWODTHHLELILNS,

HIERAOREEEE 2.1-16 ISR T AR TV T ARBREICSALEEI LD
BETH D, BEHRN 1008 GBL) TaE, SLFARER BCLERE (BT) T5,
BEESEMT 2 L., 7LV AREL KBICHENT 245, FEECBRAZLEMLTWS,
CAUL RVACS B MMA THEN TH 5 5 HBRAEIM L7720 THBEEZ LN,
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BEASFERLTD, 7V TFARERECIHETIITORBEEH IV EDL RV,

(7) £&8 7
DB T EN—RICRVACS DR ZEFET B2 LOTE S 7T Y MRERTTFVEE
ﬁ L?L:o

PR L7 BESTEFNVERWT TS FEBERITEER L2 AU TGP o7,
FEERy—ATE, Py TSP E 1FERE 10 3B~ -T2 BE L. 30 5 TER
% THK @& RVACS fil~# 5. Bo-BiX, EHROM0.5~0.65DHETEE L THERET
%,

== 7O —BELENE X 2 BA L TCOREYFETHHH, F—N"—70—flE L
312, RVACSHIDBREAEIC D, ERAEBII N v 7, 2B CTHEBRLEBL 5,
FEMEFNVTE, 1 RGHMERARFERER 726CThH o720

NTA=FH =A% RNV 6/VEBDLLEE, A5 v rEs, EXHEEBHER. EK
BIZEEMERE. F—/N— 7 U —FRaREAL, BB LTEB Lz, TOFFR. RV -GV
BO5 L HE, EREMREERE. RERAOELIX, Fy ML ARSREICHEEICE
BrE2 B ENEThol, HiC, BRRAOBERIRE Y, ZOEFVOHE. A¥ v 7
S, BRAMKEER, 4 — -7 o0-RSRAIE, Fy L FARSREICERER
EMEELWI LRGP o, '

2.1.2 RVACS Bt MEERRFICRA ¢ 485

2.1.1 THl~7- X 512, RVACS OBBE L HMS €5 7-0121, RV, G/VED 5 5B
EErENEEs L, ERAMGEMEE (& GHER., WMEAEE ZRLsELT LN
B TH 5, '

THSICIARVACS DBRABICAES BB R 5L 5/37 2—=% L LCRVERYFD %,
RVEREEEMSEE LT, BB|ET) 6NV REFROEN, BLUT VI LRELERD
BNMCEBEEE Y5250 ThHb, T2 T, KETIE, 77 » MEMYFERAT I — F CRRES
THW, BB R aFVRERE LAY > ZRIFBR 23R, RAVERICER L
RVACS BHIRF RS BT 2 £ L 720

(1) FE4 - IR
RVACS DRSS A FHMET 270 O HF, BLUTHNEHELUTO L) KBREL
yA

MRER BB R RIRAREREORE
HET &M - 1 R SEFRE 650C (BEREl)
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BEERMAGM (ODF) =<0.5 (AR

COBERIIRERENERE AL LD, 1RIHHREABRLTEEL, /3
FAR—ZATEHEEIT 2720 2B, BREEESTELHEICIE, BABEREI) OH
FEREBRE. 1 RGHMESEEL K25,

TP LORERICE L TR HEEETRERPELE O ERARICREREL 2D,
FOEETOBBRENERESRETAI PO COF Ik 2HEFERFA L/ COF
DEWICLz - TE, EEBEZEEFOCRE L L, HREMREOIETER (AR
) ICEBEEE 7Y~ THREOEE T MR Lz 22X LEBFE LEETE, ¥ 5
I icEEReEtICB T2 HEREEDIT ) AT 5,

BN 300Mfe, 77~ M 38.5%. BEFEAESE R/V) EE 10m, B3 14.4n
DAY M ey v rBERRERS— AL Ui, BHERREILZ, 4EHRO¥EE D
AQFZ b, 60cn DROT =27 ATHER, BEFFFvE7 4 —RTHOMDI, &£
EHEBNMIDIE0m AT =27 AMBA LA, L TLROEE In, S 40m DA ¥
v 7 THEERLE L T BHELF M) Y AREE OESOE 20en (EEE) .
OB AORE 510/355CTh 5, RERERE L TERARBICA(HIV Y -
(HILER) 2EHEL TV S, BERKE L O ICEARERIIBEMHALL, 7MUY
LT E ClE, PEATEBEANLTO2RF P Y LAFZNOBRBITIEZTZHET 5.
7o, FERBR/VERE 2 FBR X LT? RVACS DB A TaedE = M T 2720, K
FIRS) - BFIRESREROZEBERE Lz, N7 A-FR3UTTH S,

—2R 30 77 KW iEHE 30 77 KW /N8 45 77 KW 12 45 77 KW RS
(BER 4 —R)
BFIREH T T8OMWt 78OMWt 1170MWt 1170MWt
RVE S 14.4m 13.2m 14.4m 16. 2m
RVEE 10m 10m 12m 12m
(2) FEAHER

B 2.1-17 ICER 7 — R IZ BT 5 BB LmEToF MU v LAmE, BXU, TOER
BIO—NRy PARY b7 77 ¥ -4 BR LR E SN 2HEEERERLRE R
TULFLBEE EDIIRT MPEEY — 712k b (DF DfEI 0.002 ZEEMT S DD
D, =7 OfEE LBz, ZOBRE EEMAEALRT, H 1L EBEHRICE IR
MWD B EBTPE, LeLEIL, TOBMEOMED 24 REEEEEZIC0.035 1
ECTRLMMEERICRE{BEOENW LD DB, 2D CDFOHRET CORMKII,
1 REGHHERBEESHE (Z650T) 1 LA ) KEL, UTOFMIISHFREC
EEThITREVLEH SR,
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Fy P ARERFPOCBIERICEIVEAICEFTE D00 BRAOEE & HKITH
BEOBEL L EREOEMOHEFDVWE T, FOLERIET L, PWEHETHS
650 CEEHETTHLATETBILE o TWAB I EFGHh b,
Br—ABIAREIEREFH 2. 1-18 IIRT, 2 2 THWAETEERERE (V)
ik, LTICRTRI VKD OB HEUM KB TH 5,
V=n HR?

ZIT, BFIELTTH 5,
BEFEREBRTRIAON—TASITTHRHITOES
RV £

B b, BEREHEIEA—0F  CRUMETIRESFEESN 10%2EHEMT 5 L,
BESEERER 30—40CERT A Z bbb, Thik, BFFEHIEFROEME
F R LABEBROBRIIIZIDEELILNS, H 2.1-18 76, RVACS ALBER
IZE D 1 RBIMEFREDN, b 1 ) CHREBEICHES T 2 RUNETRESERYV %
MAMEIC X ) R BERF T ARBEBR LR TWS ¥ > 7 B FBR OB EFREZRE
B, BAOEEBLAEREFK2.1-19 TH 5, RHOBEEL W EOFEEN, REL 24
BT CRACS A TE AP AEHETH 5, Io— RS, FETEIERS AL
FBR BB R FIRR 2 L 3t 07 D BIfR O FI{E (Super-Phenix #BR <) TH ) . E
HILTEHME D S £ 20% DEETH 5,

H
R

(3) HEARRICET 385

B 2.1-19 TORBIEERFT TIRE L LM T TO RVACSEHABRZRLTVWS, Z
DFERERITZ, WEHFOLEZL2LENSH L, FAE, ZFEL LZE,D RV, G/VH
D5 HR, ERAGEHREEL T AL, SHBEEITIERT 5,

& 2.1-19 1213, FREOHHETHE LA S-PRISM 37/ L Tvs 5, % 5., PRISM, S-PRISM
LABEBRIGEICD B EBGDDE, TRICEVEE L S, RVACS D@ A LREET
BRETENTWBHEZ EFTrs,

S-PRISM i, RE L7 CROIERHER L HTRIBA TS, Thik, RVE
K. GE TOBHEERPHMEEI ARG EELoTWB D EEZHN D, S-PRISM
ARG CEAL LAFICES RV EED 0% KRECHEVWRERE LTV, A—F
BELAEASIE, MEREBRE LAYV RERIAKE R VBRERECENZED,
S-PRISM D ZEEAEHMIRESE (AL ry—2 ) v ¥ —, M) v/i—) OEBRHHRE
AHTHLY, ThOTVFIARBREILGALGHEIIRE Y, 61T, HEFLL
2 1 REHMBREESGICINIEVEEDLNRS (AME Service Level D [ 1400F
(760°C) < lhr. 1300F (704°C) > lhr 1)o COZEH oA%< ED, S-PRISMEHA
FEEECI, COBABRICEERIETELLOFRLETH S,

H#EIZ, S-PRISM &, V77 Ly ARELFOABEOREZUTIZRT .
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30 75 KW &4 4m S-PRISM
D TSOMW 1000MW
RIVE S 14. 4m # 19. 58m
R/V £ 10m #79. 1n
ALY fFE 1130m® #7 1273w’
WEE S 40m #27.3m
{REAiEE ZILEE ALz =Yy F— P ysI—
FEFRH OEE 510°C 510°C
2R M EREIE 30cm #1 17cm
BEFIREHRE & 4cm Scm
KEHRE S 3em 2. 5cm

RVACS DIZEEE £ XA 701013, BA0EICKE L (RD) RV ZEATRIER
WMTHAEH, BRICKELRVIZ, BENICREDLLEWVWI OISR S, 2.1-19 1ICI3E,
f0sHHy 7B FBR 77 ¥ FOEBHEREZ/ T A-FELTFuy PLTWS
A5, L20%BEDLLRE NN B TF  bid Super-Phenix P iZid v, COEHZE S
B LRETEERAL L, B -2 BAER O RVACS BAHBIIESR LS 50~60
FkW LHEEshd, $2, BRFHIESNLBIEABREROEEERNFLE LTS Y,
RVACS BT OBREEIEE LTV 545, MInBESARERLOHEEGEEFAE, LK
HOFIZLBHPTRETHLIEELIOLNDS,

(4) &8

Ay rEs, BFEERERE CIC—EDOEG Y5 IEE R, 1 KRG
FRE 650C 2 M4 & LT RVACS oBHABRLRE L. EFFHIO@g s ahiho
MR E ko,

ZOBRIE, RELAEGTCROGNIIERTH Y BELOLEIDILEND S
A%, S-PRISM 35 X OFPRISM (3 Z @A RAHEICAH . TH & b RVACS D@ LIREE
THIENTVE I EHGD 5,

S-PRISM i, R L7z T TROLEBHERELTHIIRI TR, TIZEED
)R ONREGPELRADEEZ NI EFZT—ALDRLDIEHEOHE L
T, iRV RVIBR, ZREERRER, 1 AGHHERANREGRESSITONES,

SR L RETHAE ., HIBEORLERE L/BHRR L., RVACSHER D LIRITE
SEHH50F~6 0F kW EEEEND, T/, FRFTIBNLBEAREROEL L
FEELTEY, RVACS B TORBRLZEEL TWHH, RoBERRERLOHEGYE
T AE SV AKBEOFICLEBITETHEEELOND,
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2.2 # AAHMRERIRBRR IR

HAGHREOREREERIIOVWT, FO2 Y27 BT L0 T TOER
BIOREET o720 o, BRATHSEFVET o T L LB RHRE
AMEL., SIS L TEEEIT 2 ERTAZ LICL ), HRNBERAEAIISE., &
EERBROSBEENE, B UEKPrLRo—F -y EGICELmFBEEERICELT
FiE B T 7

2.2.1 HASEFHEMEERI LT FORE

HAGEETEFEE LT, BEAFTE 2 FHRI BRI~ GBR4 (1200MWe) (B4 2.2-D) B &
U°GA -Demo(360MWe) (K 2.2-2) ZHlMicE & BT, FRAKRER2.2-112T LD 5,

(1) ERBEERERDBE
a. GBR4
GBR4ZV S A HIADIEEE # [ 2. 2-3 I277T o GBRE TIILL T ? 4 REFEDIFRLGH

FRETALTVS,

O NEHEEL S OEERBT— 5 —BRH)

@ 3WENY—EUHREIATFL -+ - FRFR2EOEABERFOBERETHAL
THY—EryEER2L, COBBETEIERBOR-—F— ¥ — LFEFRAR L FIC
BHEBIMB LTS, BEFEF M) v 7 LALEIALDE-Y—%ILDD
e BETHRIEHI LIRS,

® 3BABHER . - FABERIINFBEB L7 —EVRERICI Y EHS
ﬂéo BMATHERD 2 REANIMEA N — 72 TR U BB =G - TAR
B ERS, AV—7BLUPHABRIZIBABRE X UAAERIZEK - TV 5,
BREHERIIRIERD 50%/)V— 7L DFERHDH 5,

@ EARKRERSH - - - LERSSHROFEA S HARBRICHAFLALE-F

b. GA-Demo
BHZOBAEREH2.2-4 I2R T Demo 77 ¥ b @ONITIILTOLI IR 32D
BT L7z IREBRE R R E R o T D,
D FBEORBREREFFRT 25— 4 NA -2 F ¥ —(MLCS)
@ 3FEIL%EHI% (Shutdown Cooling System (SCS)) - HERRERE He 18
BRFAHLAESHREVAT A
@ 3#BP.OEHFR (Core Auxiliary Cooling System(CACS))
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(2) BEBBENEALF

GBR4 TiI SOUBRATE 3 HE ENRTVEEY, LA LLd6., TORIIZOVTIIARE
THbo —7 Demo TiZ, 1977 4 £ TD 826MWt (300MFe) FREF I CI3E 2. 2-2 ITRT LD
IBREI IR N — AT 20MW x3 R E 2o Twb, 3ETERBRRARSDH7.3% (2.4%7
&) FEB LI IIhoTnD, 7, BEFWRN—ATII 1.8Bar T 16MI/E LIS RRE
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IIER B BRI ALC 07 7 ¥ 3 B\ i3 HAERIC & » THSIC I S R 2,
REWZBESFHROPCHEHRE P LRRE ENELEEE 2.2-7 1057 T.K 2.2-8
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PHEAEENTVWAFIIATH A2, Lo TERFTIHREST ¥ P ERRIZTZ b
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(2) HhEEE

EFIERSEAGEY. —KERHRBL CRBEARERZEINRET S, 720 F
DERGEITIRED O FHES~F 2 BERICOVTIE, ANS E#0 iR mHR L b g
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720, BHEEERHIRY PV FARSI— NV FTLFAHNERRE -V FL
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T 2. 2-22 IZ KRR TH L HAFICBIT A2 BERESRSEEOBEEL LR
TOREEBEERGEREIL. I0PHHEDS LRCELE TW S, b2 AP0 ATREIR,
TRFBABES LR LGOS MO BT TTHRERITIOT, HEEOERE LA IIEE
ERBIV-ERECERTOHEGRILLIEZDDTH S, ThbEK2.2-21 IZBWT,
0B EBIIAEER L —RERIR—RITE (Alpha*Flow) AHRZA X 1 MRS
BB EAH22-2 Ic B2 BELRORETH B, 0%, BHBEERERE
AME0 IV rLEETRLED DI, BB L UROADRE (BiEE 2.2-23



JNC TN9400 2000-077

D=V FTLFLREILEY) OBRTIZEA2DDTHS,
DEDFERE, FAPOBRAEEEREOEMIIBW T, BLEBKENAL L TH
EEELHERELEETAEER/NNTFTA— Y THEIEERLTVWS,

b. kv b/ TN FTLFLBE

B 2.2-23 I2R=—F— ¥ —fHERECBITA2Fy OV FF LT LEREDE
EELERT, 52 PV FLABERRZ S AL 400 BRI 300CREOET &%
LTwb, BEEREICBITAF M) 7 AmEF (FiElF) *PoR—FROFEHTIL,
#1500 BEICAZ 20CHREBRT ET LI LFFRINTVE, Lz o THEAE
B DEEERTRIZ, ZRFTICBIIAFRESF P YLEL D 2 BEREAET
Hb. LeLaPoH AL, HEEEL Y DAGEENFHAIVWI ERLBEERD
INEL B0, BERTENAKEL 2o OB X ) T AFEORFEHBE
FREREEIIRIZTHERIRGEEBSHFLI VI NE 25bDLEZLNE, MR
T, FAOREERNWHEEREL Y /PE VI L HBBHEROAFTEZRET SMIER
T3,

FRERIIBVWTHRAFESRSHFE T, DEFHREEICL 22—V FYav IH¥670
THIES, BEU2D)Fy PV FACBY A2RERBRKL FORETEL 807
b I REREIC X 2L TRESHEREEEROBEDP OEWMREL 2> T b,
WEMBEEREOETAFIIBVTE, FIRO L 5 ICHE DOFEIIIIWEERLL
oA, BEREBIHARIIOVWTEFORETSRTBNEERET A2 ELTHRILT
BLIEPEEEEIALRS,

2.2.3 LB

HRAGHFEORBAREREAR L LT, BEOHEB LUBKRICBIT A3 - R
EULELRAEL, FRFEMETHELIPICI L, 20 77 7 MR- FEERH
L. REHELZER L7z, 20HEE, BRBRBIRAEESE. WEFREOHBERMY.
BLUEEPLHRZ—E— BEICELBHEREZICE L T, TR0 77 » M)
IR L THol, T, SCTRELALT IV P BLUEREHICH LTI, B
AHEEERRREIETFOMRERHELZHBEL., SEMHE L-ERIT L TREY A g
HFEBEE LRI TSI Lhbdoiz,

B, CNODFEREIDCETTFHBITITHY ., 4% L ) ERLEHRBECENET
L E BV TSR OREIC S bE THE L ED TR FETH 5,



JNC TN9400 2000-077

2.3 ESRAAIFRRAGEFESE

BELBAHFOBIEABREHEICHELT, i, RUSBR-EATAGAPOFEZ T MY
YLEHEE ORI s TEMliT 5. 2020, BEOTS v M ERIFTZ—F
(S-COPD)DEB/HITH L & dic, EMityk 77 v PEEREL. BRBERIFEICEELH
HEE e D B 2 1T o

2.3.1 BRFEOEME

(1) BFo— FOREHLH

BHEO 77 v MEESHERT T — FS-COPDIZ2WwWT, BERWHH (BRERUH-EX
TAEE) FHWENEIT o a— FORBEIT) . RMEISEHTFMED /O, W
OHEIZI > THEEZTITZHEL LT,

- AR -

- RN
- BURER
BEITFHNRE, PHEICOWT, ESESHIT TV H s E < (Y 1870T), EEF
BEETOSHAKEBIIZET ALEN VI Lo, SEEEEIAEL LTIV R . 72,
PARIREE T OB IR FHRFEEIVN S L EUCREDOL OB E L THRERXEE
BAEETHD, LizAoT, BEOHHEF - 2REL, TALICETE, REILLS
WMEAEE D E e LT T — FAOERAAET )0

EHBEEHIIOWT, ESESEH O L 4/ M AFITHERESF P YLD 5~ 8
fEhkE v, BEEBSHFEOKNEMERIESBHICT P 7AGHFEINIRENL L
LIz, WELPZIWE IS, LA VBRI M)y ABHH L BN RSOERT
Y, AUEEENHREHEBERXAFHRATREELONL, 1720, EERGEMOTER
F R Y AGED 12 BEISET B I S, REEFEICET A BREJIERHEORED
K&, FHBELOVWTIREESLETH S,

MSEREIIOVT, EEBAENM O TS ¥ PAVHBIZF M) T LABHH O3 ~4ETH
AA102DA— ¥ —Thb, —iIZT T » P VEN 01 RFOWMEIZF PV T ALFAL
CIET T F VB G EIRIT R, RERELRE U THNIIHROMEBEATETIEEE R
bRbo 7272l SRIISERRET A2 &A 0, RBEEYREICRMRE KT 5720,
FNPBIRIE 2 o TAEEFRTT A MBI TWE, o, BRI S
ENEFEL, FhAOIBEEOETERE 25, ESROAGEFEIBERBRIB LN
THEY ., FEFTE, BLEERLVRIAEOEELTZRE L2 VWEH TOREEEFEAVEL
LET B, LIzho T, EEBRIMICHTHBEERBENE. FMYYLLFAL DT
AwaZtiids,



JNC TN9400 2000-077

DLEX b, AED— FEETIE, OHEEICSWT, EE2BSIHOYREORE. R
UBELE | ET A2 EUROER., ETCFLSDOEINT— FADHAL T EHT S
kT h,

(2) EEANMDEET—4
BEELBSHIFOBEHEEEERITISTLT, 77 ¥ M EMEE#EIF T~ F S-COPD =
— F&#HW5, S-COPD 2— Fik, fitfe, + M) 7 AGHEF LR L LTI~ FEESE
WXz, KN CRESESAMZHEL LBITrERT 570, iR~ KR~
AGEIET AR LI ICHEALEETERL 2
SOYEIE IR, B ARERESOEHN Y F 7y 7216 F I Weeks & O CR1ME SR L,
$i— EATAEE (Pb/Bilt: 45/55) IEHITFEPEIOF—F 2R L7,

(3) fEfE fitting=X

F 2.3 1,2 12— FICHARAZHRR TR - Y AT ASEOHEMED fitting 2 7R
To BT — FCHERT AR TR, BRELA, BEARE. 77 ¥ MVERD
HIZERD SEHE Th b, K 2.3-1,2 [IEBW7— ¥ L fitting RO ZR~T. SHSHM
DEE. BN RERUACERILERRESEAHEIKR L, 334T~527TCL &> T
%, BESEOREMICOWTIE, BELETH L -DLEL W, BEREA~OHEEI
DVTIRS BRI LT - OREVEATLRB CTHIASLETH 5, i—EATAGEI
2T h, BREESHER 127C~527CE LTER, RiIh, BRE~OIHFHEIZOW
THRFSLETH 5,

(4) S-COPD O— FADPEEDHIRAHL

S—COPD 22— Fid, ftsk, + M) La5HEL R L LTHEESN 20, &M+
Travid, FrITLER-BROAORFE Lo TVD, £D:0, H2.3-3 2R
TSI, BEHHRIRL—F RV —-F R IIL, ADTEHEEMERIRTESL X
IEEV 22— VOBEEERL

5) FEad

BEEBRHMeNSEL LB — FogEL LT, E€BSHAMOYHEIZ>WT,
ABTERLEF— L HBEEEHE TS fitting BiIBEEEL, SBF—7 LokE%
ER L7z T, TR L7 fitting AED 2 — FAOHAA T ER L 72,



JNC TN9400 2000-077

2.3.2 B

(1) HEFFLPIIXFA

AEITE, 5 P UYL LEEBOGHMOEEICER T 5 HIRAREFEOE# e LB
EHTLILEE—0OHNE LT3, BRERSIC L 5 BEREESET KBTI,
HHMOMEICERT A% E 750 b UAT LOWEICER T AR IEICERT
B EHEBTHE, LILADAS, Phasel BREE LT, BIE B4 RGEHMOREL I
BT T AEEIS, T TREYRETE ST ML, A4 0EFHCBWTRELS R
2275y PTIERL, TEAPITRELR VAT LAERETAZEE L, EEBHEED
BARDOYFEIX, 2RBZHIKRLAETS VMRS H B, 020, LBXREETLF MY
TAGEMEE LT, B 2.3-4 IXRT L9 % 2 RBEIBRE O L — 7RIKEIE (150 77 KWe)
PR BT LIz, AT T2 ME, 1990 £EH F TIERLREIE L L TRFTSED ORI
FBREALFHESTH %,

ISR ZICB L Tid, BERRSGICL W ARRBREFTHLIL A, F2.3-5 IR 7 X
Iz, BEABRBIIHEARERE LTERROBERFOEIIR 2 2 L BRE O RIEAER

ER2 %ﬁ%ﬁwaé FNENEFIFHEFICL WV KRBT 5, BRI O BRIRAER
FEFRIZOWTIE, HX 24 L T2 KRR L D ERBHFENREELET ) AROERD 2
HOBRBAKEZRICLI o TIVEBEEOSVWI AT ALALE S,

D 2RAHREDF ) 7 AHEHKEFICOWT, S-COPD I — Faléfaybr
—FERERT AL EDI. ATV P EBEBHHBOL— PNTF Y AERELLAES
T MCEBEL, BRERIC L 3 EIBARERUBRERICX 2 BRBBREREFT 21TV,
wEHIM OMEICEE T 5 BEAREZNF O T HEEAET 5,

2) RESS5> MEFEFL

AT T, HHMOMHEOE D  BEAKEFEOHEL LEFMT 28HE2 0, ¥
(N

- BARERFE

R S DIREBEE{LEY
ICEB L-BHESHME #1795 2070, 233 WERTEILET TV FORERHICE
TE, I MEFEREL, HF . AERRETIEANL. FERERUREE
BERF M) YLBEHIEEZFOTIBET LI L L Lz, 204G, EREDRTHRE
AR —& L, SG 2k 2 ptEsBEzowWTRAESFA—& L, L3> T, E— b
VAR — YU EHERSE o TWh, LR Y AE0FETEatt BIET45
HHAEEOERIEET LI L L. SORTFREANBETSEEREZE L 420TIC
LT,

SRR P T AD L 2fE0BEEND ) EHBENFFEEIIKE LD E NG, FLORK



JNC TN9400 2000-077

OB E» S, AEFELOREFESE LEEBOELE Uiz, £70. BABRIFGE
FHETABRAYPL, —RKOEHEEPRFL 25 L) CRERTEETHELEBIC P
Ak SCOERBPLESIEFCICLTWS, Si—EATARLLRAEORETH LD, &
BEIREMEWOEFERAOEE S M) Y ASEFE L RFCRETE (BREESFE
X, S TREELLZV) Thi, TOHERE. b— IMNF U APLRE DL —RBHEENE
BEHMFLRELTE 2, BERZEETLHIE L F M) Y amilP L AEDO—KE
EYRETHRTH 5, BELLEORBERICOVWTIE, EREEICHT AEEREEE
FRLCICEZ EHICRE L.
EMEFLON—THRER 2.3-6 IIRT. 4 V—THRED 2 KRHR7I Y FTH Y,
By FRSG EEHRLTWAEMERE, - FL 7 EERO TSR S TSR,
EFLOAOBREIL, FAROLTI ) TR L Fa~ErN TS,

(3) EEIRSRtF
BGHM O RBERRERO BRERFESCRET 28000, DTO200FE8 %
FoBERTRA L L

@FF Y v THH0EZ—F— FBHERT OBRRREESRIC X 5 KRERM
OYFE) I ) v 75 ORRBREH T ORKEESIC L B RRRMA

75y b2stgs L. 2hFR, 8, - CATAE84. RO + M) o a5 HH
B 2 oOBERIZET BBEEN AT, B ERT 5, H. BAERSORE
B, HEIEE L ORBEOBE YR 270, SCRBIILIFI L L L,

B-DFFH LY v FEAFEBMHBERRER) BiTES
DERIREE
100% E5EsmiREEL T 5,

DBEBERY—F /A
B 2.3-7T URTESRERICBVT, FBH LI v TBEE5 25, 2L, BIRARE
FEBESE 70y 7 LSG ORI ZKRABBRLITILTICESH Y —F Y A2RT,
DEHNIy 7TEFICIVEFEFII v 7,

MEFFEIF)y 7EFIZI N EBRR TV » 7, 0%, Fo—F— FEKRIC

X % B IRER 2
OFSHROKELEHREEH Y, F=— -V ELRBEH 1 0% LT 5,
QBADMEFLRFHEH 558, BERR TEERELHEBL T 5,



JNC TN9400 2000-077

DEBREFEM
DEXFEESAORKREE, HKIRE
IAEREERLOETEN

(B-DHRMBRIC X 2 BT R L HRAMEIT &M
DEAIREE
100% EEEGLREL T5,

DBEERY— T VR
B 2.3-7 KRTEERERICBWT, FHPY v FEFEHLAD, 17IL, F=—
- EEBESE IOy 7 Th, DTV -5 Y A%FRT,
DFEE M)y 7EBFICLYEFEF N v 7 Ro—F—F I8,
OEFAROFHEF BRI /8B LT 5,
@HAROHEL BB H 55, BERE Y TEGREEH %L T 5,

DERZEHFEM
DEXRFEESFADREKIR, RARE
IDETFEERHOERED

(4) MAIER

(7)  EEITEERIC X 2 AR =T 2
X 2.3-8 & FEDOHER PRFFEREALRE OBEHE LR FEirhORE
DA - BREEIE, 7 ) Y ABEIELSERIC T AEEAEFREOKE L, 6
0 OFHICH 60CHET LT3, RICBERTARZVOIE, fi— YA AGHIFT
H1, 60 0HECH HCETLTWS, BEELBORERTIROBY N TH-
F=DISSRHEHIFTH b, 600 HEICH 1I0CHRBEET Th o7,

(1) BERERICL2BERGREEREE
X 2.3-9 I ZFOHER VLA DBEDOBESMERY. 7 M) 7 ABSEDE

AERARIIEBEED BETHLDIMNLT, GRUK-EATAGHFOEA

BN E I ERRED S UBREILELTWA, T, 32o05HHDSIL, FrU Y
LAEHEFRLIEBVWEED 2R - 2R LTn5, SFEHFPRUHE— Y AT AEEH
FIXZIZRAZD 2k ¥ — ZIBESR LTV,



JNC TN9400 2000-077

(5) FEEEHME
(7) BIHHA b)Y -
HHMOEEICEET S REREEEEORBEFMEIIOVWT, BEELELILNDIL
{2PDT TV M8T A—F 2R 234 R THBFHFER SR - AT AGHIFIRF
U AHHEE LB L CTROMMRESEE LTV, A—F0OFERIINE 55H
Thd, SFFOEEFBRIMFE LB L THALT501E, EAREERDI-DIC
KEREL LD TH5D, :
BEFIFEE ARE OFHRE TR L /- wHHSeEER, 88857 M) 724D1 3.1
&, f—YATAFF M) TLD]L 2. 6f5TH B,
HMBRIFEOBEL, S, KEREAZOESBESHHOERIL, MABKLLT
DEEFREL, HRESRADZVWRETIE, BAEROVL L EFNIEBL 25
ZENERLNS,

(1) BIMREE
F23~4 IIRT I, BHMOLABRIE, ST )T L0816, S—EY R
TANF P T LD 14ETH D, H2.3-8 IR LIEFITERIC L 2 REARERED
BEZE, EENPEVEHH»SMEIC, VHOBRERTENIREZL L 2oTBY,
B ORBEFEENTHLEZILND,

(7) BRERNE-KER
BABREEICELTE, 75> e LT, FRO—KERZELLTWS
e, HHMHBEZIZLIEBABREAVPFATHOERABREELZRL TV 5,
K234 UERT I, Pl SCRERPLEILARERNVEBE LBHE, 15
HIFIEF M) Y ABEIED 3.8 4. - YA AL s O BRBERIR BT LS
EWTND,

(6) ERITEICLIHH
HABROGHM IR 20T, BRTEHICL D HBeH A D, 77 ¥ FOBRER
EXETHAERII.BHEBUDEHENONGT Y ATHY)  FRER AT TRENS,

BN F,;
Fo=p, ﬁATgAH .......................................... {2.3-1
T IT. psav . THEE  [kg/m3l
B HREEE [-]
AT . BEE K]
g D ESmEE[m/s2 ]



JNC TN9400 2000-077

A D TRERETETE  [m2)
H D EEPLE [m]

HEHED F

F = pm,uzA .................................................. (2.3-2)

I

IIC, ulHE [ms

D B
F =ﬂLu .................................................... (2_3.3)

v

TIT, p l HEERE [Pa-sl. L 0 V— 7 —&EE#m]
Lo T, ¥ AR T7EHGr T,

o FoF _ puB ATgAH p 4
F} (iLu)’

WKLo TRENE, 220, HENMEREITEMER de.D 2 RICHFATEZ LD,

T2 P PAT = o= Prin (Prow - ERIBHGTE. pyy, | DIRIZAGHE) TH2

DN

- Py )gd H
= p""(pL"’“’ p”‘g“’)g L2 A (2.3-6)

Gr >
(L)

ZOTFAFRTEIE N T I A TDTF 2 VAT ABRBROBE »ETERTER
Thb, 2OV T AKR7HIIG LT, AEREIZOWVT, HIFLA—SG Z#4.0 B EEE.
de: 2— FL7RE, Lv—7—KEM. B, ThEhoRIICET 5 Bt £
Lo ZOBREEF 235 1R T. 2N 7 AF7HIE, E234 ORL-ERBERNE
—RERO L NEAR S HERTERE COARERREO N MERTEDICEL TS
D BHHRUTT ¥ P EFIRE L ERBRERORBICERTSH 5,



JNC TN9400 2000-077

2.2.3 & :

ELRESEE 8 RUSH-EATRER) K2WnT, BRARZSHICET2 T MY
T AGHFE ORERIEE ER L 2KRHBR STV P EEHEST P E LTEREL,
SEHITER K T HABRIC & 5 RERREREDO T F » BT E TV B L TE R,
DTFOIEFRALPIZR27,

(7) BELESHHIT, AEROF M) 7L LRBLTREEFRE LI EPD,
FELEBEOREETFRENRS P L228MIZH 5,

(1) B£EBEHIHIL. AERETOF NI 7L LRBLT, aEBLREROTEEY
Ra, BHREL2BREREDEZFT 50

(7) E£BRIHIL. HEEEFIREL 22200, RELXTRPLOBRERTE
DAL EFNERICEERZET 5,

() SEHHIEEREGRDPLERNZ @2 L2 b, BRAKRER 2 AAOE
ERHFEZEL 25,



JNC TN9400 2000-077

F2.1-1 1 RAIHESEE
e=0.95} e=0.90 e= 0.85 e=0.80] «=0.75
=21 -11 726 +12 +25
50m 25w TEXI0,07m
-3 726
X0.6 X0.8 R HEER X1.2 X1.5
-4 2 726 +1 43
X1.5 X1.2 2 RN (SRBR Y %0.8 X0.5
-19 -10 726 +14 453
18cm o —/{— 7 0 —F&firE28en 38cm
+3 726 +3
0.8 0.9 ik X1.1 X1.2
70 -36 726 +36 +7

~
AL ©
B nT— 2y (=) A
- IROERGO | 50 =
’WF;%W} ! = ’! B
= s
SHIN
AR bT A . o g 2
F= ) p |5
B
TR g .
(R/V) i ‘[
&
LR -
(Gv) ./
S TRARARTE LOHR S8
(.

K2.1-1 RVACS A 7 ARERLE]




JNC TN9400 2000-077

821
| }
E

L€l

i 411278 M

7.4 M
X2.1-2 R/VAERBERSHELE



JNC TN9400 2000-077

lllllllllllllllllllllllllll

«m

L Jind

LR AR AL

20.73

22.1-3 RVACSHER&HE &



JNC TNS400 2000-077

, 560 .

10200

®

5

A%

H
@) :
|~

I HX

N LA —HR—-T70—5

FopHh=—

TRETEA 7. FRERE

O LEILFA

4510

: 1050 |

?

o]
FRLAOTLF 4

9900

()

8300

“o—+o+o+otototototo-to-jet—o

o-{o-totofooHo

lemp

I HX

ey

THRILF L

E
B

X2.1-4

5 [ e totototo]

| EI Ei
®

STHEGR



JNC TN9400 2000-077

00201

Bif tmm

K2.1-5 R/NAEET NMLDOBEE

E P A S i v g @

FrUYL
l B2.1-7 ZERABD-ET NV
LV RV GV
L Ty Tay
; L ] L}
==z = =~
4 T [T Toge - Tai2
EBTVFA ¢ e 5
=1 T o
f!‘%t L it
n = T . KLY |
Tp, Tn, ik &2 t
o2 K oG] Uit > o'
1| TR & [Thaq TQF-'- T2
1% . . P -
Tnjeg - {Trisg Topes: Ta,,o
E [ ]
* * Tp: ZhbF o+ by o LRIE
L L Tt ¥ AR b U A
== e 7 Tl EFEEBEE G
n oran Tg: [ PPk eFRRE (M)
Ta © B4RIE

":‘éﬁwiﬁu

[¥2.1-6 RVACSHE: MfmERtEOETI



JNC TN9400 2000-077

0.0

Fiow rate (Steady state

R S ~ 0.03 : —T , ——r———r
r : ] . —— HRiRE,
C . 5 —o— BERE
=905 [ z —e— IHXEERT5KEE
" | o —O— RVACSERZAE
. ] s b |- FU2H7. LT LHRTRE
0.02 [ ] g 002
4 [ o g
Total i -
—o— Qverflow ] g
—e— |HX o
E
[11]
2
=
[3]
a
©
£

H2.1-8  SRBEAE (HAks—2) E2.1-11  REE (EFx5-2)
800 s 800 ——r—rr
700

600

400

J E:Dll:l
—o— RO iy
200 ] —0— ey FTLF L
400 J —o— A hw Al |
- —e— O—JLRTL+ 4]
0 300 L L
0 6 12 18 24
Time(h}
B2.1-9  RVACSERISRE (&4 —X) B2.1-12 BEFTE (XExyr—-X)
§ I E—— 200
..... — ZRRBRE (L)
‘ B} | whme (hem |
. ——2REE TH ||,
—o— ZHAR (TH) N
- S I N [— =
> 3=t | 120 §
= ; 8
] : b=
2 i k3
c 2
<L
]
0

0 & 12 18 24

E2.1-10 ZFURE. AE (BF4—2)



JNC TN9400 2000-077

——
/
800 f ~—O—S(HE 0.0 0.02
——5 B =0.95 | -
el 3
g
600 0.015
""""""" 8
0
400 0.01 §
8
g
[+1]
200 8 0.005 g
1}
ol .t Pl SPEPETES SR B Y
0 4 8 12 16 20 2
Time{h)
H2.1-13 &< HEOHE
800 — .......‘.‘.0.012
R ;:;3 1
)Z /‘/ 1 g
700 = 0.009 ~
-~ L
‘7’[/2")—\5& —~
=
g
600 / 0.006 5
g
@O
g
500 e— BmERKE0N |H0.003 &
/ —o— Mz XB0% )
[0y L7FLX _
—=— i{RERN X120 bt
—0— E{RERX X150%
a00 L . 0
0 4 12 16 20 24
Time ()

E2.1-14 ZHRABEEEEORE

800 T | 0.02
| FLFLEBE |
ot 2 \r’“" g
700 11£7_ 0.015
7
117‘37‘3&5 ]
@
°
(=]
500 0.005 g
n
400 : N I T o
4 8 12 16 20 24
Time(h)
H2.1-15 BNEDORE
-—.O..—
_.—
_D_
800 1 20% 0.02
&
700 /D//E'/ 8
,""’"’.—.—. ;rl
/ﬁ 7L+ LB 3
600 0.01 5
i o
il
5
500 - 3
[}
FrEr =
qoo L a4 00 ‘ NP R I
0 6 12 18 24
Time(h)

H2.1-16 HIRBOZE




JNC TN9400 2000-077

o 300MWe, & F.E{X{F AR
800 — : : : - — 0.08 o 300M¥e, £ LG &EIB AR
] A A50We, 2 LB EIF AR
 mEE—— _ . A A50MWe, % 713 hdEiE A B
(=} o] LA RN S—— . T — - r fosnar
700 I / | ——1 0.06 720 e
T REEREN A ~
: )
’ P ; ~ 700 | - 1
600 [t == — \ 1 0.042 B
A hly bILFLEE A m Tﬁm*”“*“”““““m“E““
/ /- D = |
500 |7 CBF—4 ] 0.02 Je0f . A
\/ ] Y :
L ] T 640 [ .
400 . I ‘ ' 0 I L 1 1 | - i
°c 4 8 12 16 20 24 1000 1200 1400 1600 1800 2000
Time(h) SEMBIREV
®2.1-17 BE. CD F O H2.1-18 FEFFEEEL 1 AN ESEEOBIE
6000
Supe; -Phenix
5000
b
;3; 4000 ,/ TR
i
¥ 3000 il
ﬁ- AL |20
15
M 2000 ]
I
1000
o PRISH
0
0 1000 2000 3000 4000

ibF (ML)

2.1-18 FRATEEL:E£BFO T CORHEMA
(R Li8E & L A-S-PRISMB 7~ 97)



JNC TN9400 2000-077

E 2.2-1 AFNHH AERFOZTEMLH
IEH GRBR4O@ GA-Demo @
12075, 90bar. N vb, F | 36F5. 105bar, A" Vb Y09 &
Ky 4 BHh 3430MWt 1090Mw ¢
BREN 120FkWe 36. FikWe
BAHEE 0. 35 0. 33
A He He
BHHEN 90bar 105bar
BAUFAAOEBE 260°C 298°C
- RUHHOERE 560°C 520°C
] PREITELE MOX MOX
pict STk ~y LB R RE
PRIGEE 1 0 AMWD/t 1 07MHD/ t
RINEE 400W/cm 400%/cm
p e 1.4 1. 35
FLEER 2. dbar 1. 83bar
PCRY ko TIFF 4 EFT 4 PCRY L WF v E5 1 PCRY
A% & 32. 5mX h35m G256 mX h25m
= ¢ 7. 8m -
SGE ¢ 4. 3m —
DHXE ¢ 2. 9m —
SG ¥ 6 3
TRBE 6O6MW 363
ELEHF 533°C /112bar 485°C_/107bar
- HARE 370ke/s ke/s
AR E 3. 682m 3. 81m
HAREE B 6 3
GIE e 3500rpm 3500 rpm
A ARSE 1. 6m -
HARE 370kg/s -
{KigFE (300°C) 2775. m3/min -
g 3. 6bar 2. 9bar
=X 19. TMWe 13. OMWe
7E BEIZEABR SR 3T (BERAKEBELEE) 3 28K (S BAREETEE)
FEEBRSH (BARIROTEE)
LR TEREEED TEREEEN
2 %8 2
BMES 300kPa ~200k Pa
B RER A7 F v v Fy +5E A7 F v v F v+l




JNC TN9400 2000-077

* 2.2-2 #HEBIRLOEBRTRBOEKSTF — 2 (GA-Demo @)

Parazmeters (One Loop)

Presgurized

Primary System

Depressurized
Primary Systenm

Thermal duty, My (Btu/hr)

Primary system flow, kg/s (1b/hr)

Primary gas molecular weight,
g/g-mole (lb/lb-mole)

Primary gas specific heat, J/kg-K

(Btu/1b="F).

Primary gas inlet temperature, °C (°F)

Primary

(°F)
Primary
Maximum

Cooling water

Cooling water

(°F)

Cooling water

(°F)

Cooling water
(psia)

Maximum water—-side AP, MPa (psi)

gas outlet temperature, °C

system pressure, MPa (psia)

primary side AP, kPa (psi)

flow, kg/s (1b/hx)

inlet temperazture,

outlet temperature,

avarage pressure,

°C

°C

HPa

20.2 (68.9x106)

14.7 (117,000}

4.0 (4.0)

5200 (1.242)

604 (1120)

341 (645)

8.8256 (12809

75.9 (602,300)

234 (453)

288 (550)

8.964 (1300)

0.241 (35)

16.1 (55.0%10°
9.07 .(72,000)

7.54(3) (7.54)
2910®) (0.695)

832 (1530)

221 (430)

0.1793 (26.0)
1.724 (0.25)
75.9 (602,300)

132 (270)
182 (359)
8.964 (1300C)

0.241 (35)

(a)

Helium-air mixture at 5 ain following DBDA.

(a)
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® 2.2-3 BPFOANRBREORKE/IZ7 2 -8
AUXILIARY CIRCULATOR REFERENCE DESIGH: PARAMETERS

Parameters (One Loop)

Pressurized
Primary Systen |

Depressurized.
Primary System

Mass flow, kg/s (1b/hr)

Molecular wedight, g/g-mole, 4 (4)
{1b/1b-mole)
Inlet temperéture, °C (°F) - 341 (645)

Inlet pressure, MPa (psia)

Qutlet pressure, MPa (psia)

14.7 (117,000)

8.8256 (1280)

8.8267 (1280.16)

9.12 (72,370)

5.9() (5.9)

221 (4320)
0.1744 (25.3)

0.1896 (27.5)

(a)

Helium—air mixture at 5 min following DBDA.

+= 2.2-4

ERBTBBOBEI/NIT X — 5@

CACWS REFEREMCE DZSIGN PARAMETERS

Parameters (One Loop)

Deprassurized
Primsry Syatem(a)

Water flow, kg/s (1b/hrx)

Cooling water iniet temperature, °C

(°F)

Cooling water outlet temperature, °C

(°F) ,
Mr flow, m>/s at 38°C and B9.6 kPa
{CFM at 100°F and 13 psia)

Air flow, kg/s (1b/hr)

Air inlet temperature, °C (°F)
Coolant UA,(b) MW/°C (Btu/hx-°F)
Thermal duty, MW (Btu/hr)

75.89 (602,300)
182 (359)

132 (279)
331.3 (702,000)

332.64 (2.64x10%)
36 (100)

0.17 (321,600)
16.1 (55.0x10%)

(a)

Parameters for pressurized coo

o €

g ware not computed.

However, it has been established that the DBDA case derer-

minez- the CACWS design.
(b)

A = heat trensfer area.

U = overall heat trensfer coefficient,



JNC TN9400 2000-077

T’ 2.2-5 WEMRUDAHBTBRBONET—42®

DESIGN DATA FOR CAHE

Pressurized
Cooldowm DBDA Standby
Helium Fromtal  |3.08 (33.18) 3,08 (33.18)

Area, m? (ft2)

Heat Duty, MW
{Btu/hr)

Logarithmic Mean
Temperature Dif-
ference, °C (°F)

Overall Heat
Transfer Coeffi-
clent, W
(Btu/hr-£t2-°F)

Heat Transfer
Area, m2 (ft2)

Helium Side

Flow rate
kg/e (1b/hr)

Inlet tempera-
ture, °C (°F)

Outler tempera-
ture, °C (°F)

Average pres—
sure, MPa (psia)

Pressure drop,
kPa (psil)

Water Side_

Flow rate,
kg/s (1b/hr)

Inlet tempera-
ture, °C (°F)

Outlet-tempera-
ture, °C (°F)

Average pres-

sure, MPa (psia)l

Pressure drop,
MPa (psi)

(a)

20.1 (68.7 x 107)

176 (349)

24.06 (82.1)

222.96 (2400)

14.7 (117,000)
604 (1120)
342 (647)
8.8256 (1280)

0.137%9 (0.02)

75.9 (602,300)
234 (454)
289 (550)
8.9632 (1300)

0.2365 (34.3)

Helium gas reverse flow.

16.21 (55.3 x 10%)

261 (501)

13.48 (46.0)

222.96 (2400)

9.07 (72,000)
832 (1530)
218 (424)
0.1793 (26)

1.172 (0.17)

75.9 (602,300)
132 (270)
182 (359)
8.9632 (1300)

0.2068 (30.0)

0.557 (1.% x 106)

1.13 (9,000)
316 (600) (2

221 (430)

2.39 (19,000)
149 (300)-

204 (400)
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% 2.2-5 BUFLBARTREORS F—yO@E)

Pressurized
Cooldown

DBDA

Standby

Tube

Number of tubes

Tube gize,
m (in.)

Tube length,
m (ft)

Longitudinal
tube piltceh,
m {in.)

Transverse tube
pitch, m (in.)

Tube bundle
height, m (ft)

50

0.0318 x 0.0034
(1.25 x 0.135)

44.71 (146.7)

0.0508 (2.0)

¢.0508 (2.00)

0.1560 (6.14)

50

0.0318 x 0.0034
{1.25 % 0.135)

44,71 (146.7)

0.0508 (2.0)

0.0508 (2.00)

0.1560 (6.14)
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AUXILTIARY HELIUM CIRCULATOR DESIGN DATA

Depressurized

Primary System

Pressurized
Primary System

Type

Drive

Fluid

Speed, rpm

Inlet temperature,_"C {(°F)
Inlet pressure, MPa {psia)
Qutlet pressure, MPa (psia)
Mass flow, kg/s (lb/sec)
Efficiency, %

Tip diameter, 4., m (in.)

2’

Tip width, w, m (in.)

Eye diameter, d, , m (in.)

1s

Hub diameter, d m {(in.)

1h?

Power, kW (hp)

Centrifugal

Electric

Helivm/alr

3600

221 (430)

0.1744 (25.3)

0.1896 .(27.5)

9.12 (20.1)

80

1.344 (52.9)

0.088 (3.47)

0.767 (30.2)

0.305 (12)

794 (1064.8)

Centrifugal

Electric

Helium

640
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Table2.3-4 Comparisons of system parameter for Sodium , Lead and Lead -Bismuth reactor
Na- Reactor |Pb -Reactor Pb/Na Pb -Bi Reactor [PbBi
(1500MWe) |(Equivalent plant) (Equivalent plant)| /Na
Geometries Ah; core-SG 51 5.1 1.00 5.1 1.00
Core[m"] 7 15| 2.4 15 2.14
other volume [m’] 744 736 0.99 736 0.99
Coolant
Inventory R/V total[m’] 751 751 1.00 751 1.00
Steam generator[m°] 636 696 1.09 696 1.09
Cold leg piping[m’] 68 84| 1.24 68 1.00
Hot leg piping[m’] 28 35| 125 28] 1.00
Total [m’] 1483 1566 1.06 1543 1.04
Fluid Properties Fluid Density [kg/m®) 839 104181 12.42 10154 12,10
Specific heat
[kdkgK] 1.32 0.t6] 0.12 0.146 o1
pH [kg/m?] 820 10347 12.62 10060 12,27
pL[kg/m3] 857 10488] 12.24 10249] 11.96
Total Weight [kg] 1.24E+06 1.63E+07 13.11 1.57E+07| 12.59
Total Heat Capacity [kI/K] 1.64E+06 261E+06] 1.59 2.29E+06 1.39
NC head(p; -pu)*Ah*9.8[Pa] 1.85E+03 7.05E+03|  3.81 9.45E+03|  5.11
Total Frictional Pressure Loss [Pal 7.25E+05 7.25E+05 1.00 7.25E+05 1.00
{NC head / T.F.P.LY*100 [%] 0.26% 0.97%} 3.81 1.30% 5.11
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%235 ESREFMIILAHNFOTSRA7HEE

I H =2 Fho LR [ERTR Pb/NalPb-Bi {F |PbBi/Na
AR EGEEER)[C] Thi 550, 550, 1.0 550 1.0
(&2 2R 2(Ph EEEER)[C] T, 420 4200 1.0 420 1.0
LA N2 (core~8G) [m] H, 5.1 51 1.0 5.1 1.0
— {8 FE B m] Lison 64.35 64.35 1.0 64.35 10
REBEOQ—ILFLITRE) [m] de, 0.9114 1.019 1.1 09114 1.0
Core-SG R—Z/#i— &M (Na;TH1, TL2,H2,de2)
=R AR E kg/mT] Oy 820) 10335 126/ 10060, 123
{68 B 12 BE [kg/ m7] N 851 10488 12.3] 10218 120
FHEERE ke/m’] D av. 838 10412] 125 10139 12.1
St FR B [Paks] u 2.48E-04|1.93E-03] 7.8{1.46E-03 5.9
HEERED H(o - P e 1.56E+03|7.65E+03] 4.9{7.91E+03 5.1
WIARTE Gr Hde* 0, (0 -0 e/ 1t L, 3.52E+09/5.58E+09| 1.6/6.29E+09( 1.8
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P, NaK KR ERBEEBOT—FAIPERTH I L0 ), BRI TREERDIS
EREEREBE LT 27 L, BEERECRIEEATE S N5 & BEEEIKE S
BATHEECIMBIIOERTRETH S, T/, GTEBOHERR LFREROHEMER
PERICERETAERFEATLIILICLY, FHESKESALR 7 7 ABERRERE
Vo L WHEFIROBIT T WREE L7z LUT, il L 2ERARBHEBRICoOWTiRRS,

4.1 HASIMFREREMER

HAGHIM OBREER I OB & HE LER K20, BB VR L GEME
DIBEEDPREL LD, ZOFEDI2O—MOF AMEHEEEFENICIIBEEFZRE S
TWBHENEV, o TH AGHM OEEAREFTMEL 3 50IC, BUTICiERy 28R
b ZOFNTIER . BEOSIMEREEBENN L AR L THRELFRS tBHOLES
H5b,

4.1.1 FEEEFHAEHERER

(1) REEHBEEHERRX
FEEENBEOFME T 5 LT, B, BRI, SLIROEhENho Re Biic
MY AEEEMRXEACCITISLE LS, CALHEBOERReBIIOVWTE
Cheng-Todreas 75, Re, % Bl fHER & ERMBEBDOER Re #. Re, 2 BRMAIR & BLHE
BOERRe L LTy FAFRICEET 5 ROFERFIREL T bl
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Re, =300x10"7#/2-10 (-1
Re, =10000x10%77/20 (4-2)

2T, PR¥r¥yF, DEYETHB,
FAGEHIF LTI OFER T BEA L. SReHEHEORES Lo

(a) BB (0<Re<Re,)
KO Sparrow DR, & v 5 l42lle3],

K(T, .
f= E‘;(EJ (4-3)
K =-128+260(P/D)-60(P/ D) (4-4)

IIT, PB¥YE v, DEEYRE T, SHESBORE, T, 3%8H 0y
BETH B, WRMEAIL. 1.3<P/D<15,

(b) Byt (Re=Re,)
X Martelli DR & FHT B2,

f =1.04(0.0056 + 0.5Re™%) (4-5)

WHAEIL. Re>10%, 13<P/D<l15,

(c) BRMHER (Re, <Re<Re;)
Cheng-Todreas I X D RFESWAFEZHWTHELIRR £, ¢ ERT 11,

fmz(l'“!”)?f;."'wrfr (4-6)

_ log,, Re—log,, Re, 4-7)
log,, Re; —logy Re,

y=9/10 4-8)

I ZC, f, B Sparrow R & VR B ERGERK. £ 13 Martelli X ) KD B
BETH B, T/, yOEIIH LTk, 5E Sparrow A & Martelli 3 %1 5 2 ICH5E
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+ A 7% Cheng-Todreas NiER(Ey =1/3 L BELDEZFEA L

(2) FREHFEHEREX

FEmAGEREOFME + 5 LT, Bt BREE. S0 Eho Re B
T AMBERE RV A I L L5, ThHFEEBOER Re Bl oW CIIEHERHEICEA
L7-f{E & Fl#, Cheng-Todreas REMNEM 4-1 X, 42X EzHV5,

(a) BU#EE (0<Re<Re;)
Miyatake O3\ % i\ > S le2led,

_3.(P/D-1)* +324(P/D-1)"*

Nu = 49
1+69.5(P/D—-1)*
CITHONuBORRESIE Y ETH L, HH#HEIR, 1.1<P/D<4.0,
(b) ELEHERE (Re=Re,)
{51F Petukhov DR F ¥ 5 le2lles],
n{Pr) —0.2
D T
Nu = Nu_ [1-¢Pr)| = . (4-10
u = Nu,, [1-§( ){Dl } (T J
Nu,, = (6/8)RePr (4-11)
k+12.7.J(E/8)(Pr¥*-1)
£ =(1.82log,, Re-1.64)" (4-12)
k =1.07+900/Re—0.63/(1+10Pr) (4-13)
#(Pr)=0.45/(2.4+Pr) (4-19)
n(Pr)=0.16 Pr " (4-15)
D, =1’£§—P : (4-16)
T
Re=XnDa=D) p. ¥ (4-17)
14 a

ZIT, u, BHIEHEHEA, DY UR T IERORE, T, 3RO AOHE
HHBEETH S, BHMEIL, 4x10° <Re<6x10°, 0.6<Pr<1.5,
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(c) EBWHH (Re, <Re<Re;)
Cheng-Todreas (=& DIREFESNHFEZRAVWTHT L, ERMERMRIESRL, ¥

ERT 5,
B ==y ) b, +y"h, ‘ (4-18)
_ log,, Re-log,, Re, (4-19)
log,, Re;—log,, Re,
7=1.0 (4-20)

Z ZT. hyid Sparrow DX X ) RO IZEHRIEZESE, h, I3EE Petukhov 3 & Y R - Fh
LEETHL, o, yOBICH LTI, LA ZBESPICHET 5720 1.0 DEZRE
L7

4.1.2 Hm\E (V7 EH) EHEEHERR

B (V748 ERAREFSEE ¥ 5 L TEFHAMHBEAL, TIZRT Dalle Donne @
I TH A48, Dalle Donne DFUIRKABN TEBI N ERT— 7 o HBERL L2
RENTH Y, NEPFHHOEERER IS 4., EDFHBE» o HEIHE 5 85, &
FEHEN I TEHEOEIRICERTERTS 5,

FERE, LSBT R G EEATRENENT 2 — F SAGAPO O {ZEAMENIEAN & L TIRE
SNTVE, AN 7 AEHF 12 RY 37 FAEEOSERD, BR2(Belgian Reactor) D{E
BENICBE T A 5%ET & computer code SAGAPO MRERE* BMILfThI, TORBERE
SAGAPO 7 — FIZ X AMTERVEENRIFICBERL WA Z L2 b, LM OGEME
RHERLTH I LT E BN, EHBRICHET A RINERLFRER. 3510, Ly T7F
Y Y RNMIIBIT B RAMBEOHEITFER L RBREROILEE R 43, 44 IR T,

’_—S/f=R(h;)+2.51n(r°_FJ—3'75+1'25r°/r (4-21)
h l1+r /7
St= /18 (4-22)
1+ 7 78[G(h:) - R(h)]
2
. h 5 (T, 5100
R(A*) =R, +0.41 2 g 22 4-2
() =Ry H(O.Ol(ro—r)] m[fb ]+ P D
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p—w 073 7 3 p—w
Ry =93 — —|24+———log, | —| for 1< . <6.3 (4-24)
w

0.46 .
R, = 1.04(-3—-;—“’—) —[2+——7—] 1ogm(ﬂj for 63<L ; ? <160 (4-25)
w

(p-wYh
h 0.053
GhH)Y =G, Pr™(T. /T )" | ———— (4-26)
( w) ] ( n b) 0.01("0 —]")
ks .
G, =K h, (4-27)
K, =3.0+03R, (4-28)
K,=0.32-0.017R, (4-29)
B =hu'lv, =(hID,,)Re,f/8 (4-30)
Re=nlw p ¥ (4-31)
v a

D

vol

2 _ 2
Sl ) B _.‘Ep (4-32)
Fool” 2z -

ZZT, RED) . GRYET 7ARNT A= rid€V3E, ¥ YHLPLEA
WHEHDEL 2 AMEB T TOESE, 7, 3 7EEE LML EYLE, D1
V7 EERLCERESICLDANEMEESE. HZ)TRS, pRUTEYF, widV 7
BTHb, TREAXFICOVTL, b EBHM AV IIRET, T, wikBERET, TREL S
ZERRLTWAD,

WA EIE, Re, 23000 . A, 26. 2<(p-w)/h<20 ., 025<h/ws2
0.008<h/(r,—-r)<0235 Th b, T7z. R(A})H 25kl +55 LV KEVHER
R(EY=25Ink} +55ICB&HBA. G<l0NLEIRXG % 10 LE

(1) @&V 73 EHB%EREN

EEMCIRE T, ) 7ESBE R TV AEE0 Re ITH T 2 ENREREKFRICS
Wik, BEOERTMEROFNRELIZELRLLLTVET S, [ 4-5 3 Nikuradse V&R
EicHHRH T2 VT -MAE0ENIRERRLNE L ERERTH plestle, ZOR
THME L C I, EEE R GRS RERS O BRRAR T TRHEEENREREK
LU Re SR 2 R4 45, ELEHERAOS 5 Re i 5 FEEERR TS 5 Blasius O
REIVEBEL, BRLEFSRPHFCRe BEFENO 2V —ERBEELDILTHDL, EHLIC
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CORL ) EEEERRE,OER TS Re il —FEHL %5 Re B BRMTFOHESIC
INELLZLPBEENS, Nikuradse 7 7A ALV 4/ VAR E (RER S 5l
&, REBELEBEEEL UL-Re ) #BALIATH T, MEE ICHFEAY 2 B ER
ERD=EDIZHE L7z,

- MENFIES P LEER (0<h” £5) (4-33)
- WHHENIE S LB SEEMEEICBITT A (5<h” <70) (4-34)
- AN FENICESEE ORI (A7 270) (4-35)

o T, #HE (U 7 EEEHREEZFMT AEICE, ReBL D3O LAV 7ESITK

FID77FAVAVAEA L D RBEEZXS L, SRR 2 ARz EAY
Bt b,

(a) WHNZIHESPLER (0<h” S5)
FHECH L TR S REERBERZ AV A EL, V72 ZRB L EEEHICLS
AKIEMEEE AV 510,

(b) FEEAZMICEEEAEOER (A 270)

RO Baumann DR Z B4, Baumann RN T 73 AL A NV AFICET A2 8HE
BiZA >100TH 24, I THRENZENIIZESSHEBOEROKEERERA L LT
Nikuradse 2EIZL B AT 270 2HBLTVALD, 70<h* <100 DRI LTH,
SHEOERICER SN S (EHERFERD Re UIETFSEN L v,) YHBEARNEFHVWEZ L

(E -a- Z) o
J8/ 7 =25In(L/+R-G (4-36)
R,=a,(p/ M) +a,(p/h)™ (4-37)
a, =18.5(h/ w)%" (4-38)
a, =—1.143(h/ w) ™" (4-39)
a, =0.33(h/w)*"* (4-40)
a, = 0.758(h/ w)™! ' (4-41)
Ry, =2.900+1.490(h/ L)—1.972(h/ L) (4-42)
Ry s =2.900 (4-43)
R =Ry +(Ry/ Ry 13 Y iz = Ropri) (4-49)
G=3.75 (4-45)
L=D,/2 (4-46)

vol
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h*=hu'"/v=(h/D,)Re /8 (4-47)

TIT R ETTRALA VAR, o ZERRE, D, 3 TEER LLAETFHIC
LDEMER, pRUTEyF, hZYTEHS, wid) 7ETH S,
WEEEL., R <10, 1<p/h<40. 03<h/w<8,

(¢) WGHFMICES P 2ER, OEZEHEICBITTAHER (5<h” <70)

BEBRICHTAEHEEFMER L LT, 0-10FHKT 3 ROBEITERHL
S<h* <TOEBOERITH L TRe BICEHTALGEA0<A* <58 b 270 D FHFIMII>T
T AEHBEEROGRIZZELVEVI BT EICL), BOPEHEBLIRA S &
HEWICERT 50

S =frReg)+ [3{fs (Reg)— 1 (Re;a)}'*'CRes fs(Res)k¢_1)2

+RlfsReg) - frRe)}+ CRe; fyRes)|o-1) (4-48)
Re, = Re(h* =5) | (4-49)
Re, = Re(h* =70) (4-50)

. d
Rey=s ——— R 4-51
fs(Re) d(Re)fS( e) ( )
_ log,, Re—log,, Re; (4-59)
log,, Re,~log,, Re;
C = (log,, Re,— log,, Re, )1n10 (4-53)

Re(h* =5) & Re(h* =70) DIEid, VELEXAVTUTOREMWL T LIk hko
b3

Re(h* =5) 1 (h/D,,))Re/7s(Re)/8—5=0 (4-54)
Re(h* =70) : (h/D,,)Re/f-(Re)/8-70=0 (4-55)

£+ (Re) 13 Baumann DR, f;(Re) i3iEdE S - PEAEEHEEBENTSH S, EL,
ZITO f(Re) k) 7R EE L BRI L 5 RNEBEFTHV 2.

(2) HEEHEEHEER

MESEEEROFMEE + 5 LT HE SRS 2 gREhimEII T A 8Bz Av
AILrhad, TROEBOERS 73 A LA VAR oW TITEE B MIE
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B LU7-FE & 2. Nikuradse BEOE (4-337,4-34 435 ) 25,

(a) WEHFEMIELPLEE (0<h™ L5)
PEEICA L TR SN AEERERTAVLS, EL, U 72ZEE LRSI
X BARTEMEEE v Bla0,
(b) WHEHFENICESHEORER (A7 270)
XK@ Webb O3 % H s 2 le12ia13]

St = c/8 (4-56)
1+ /8[4.5(h" )% Pr7—0.95(p / )%

J87E =2.51n[D, /2h]-3.75+0.95(p/ B)*® (4-57)

W =hu' [v=(h/D,)Re JEI3 (4-58)

T WRTTERRVA VB, o BEREE, D, 3EMERE. 2E) THE,
pREYTEYFTHE, BAHKBIZ, 0004<h/D, <008, 10<p/h<40,
0.71<Pr<37.6,

(c) MENFHIELPLEEIOCESMEICRITTLHE (5<i” <70)
SEBECxT L TR S /- A EE MR & Webb 2\% Cheng-Todreas IR ED FiECTHME
L7z, BiTHEBREERZEENIFERT S,

h=(1-¢) hy+¢"h, (4-59)
_ log,, Re-log,, Re; (4-60)
log,, Re-log,, Re, :
=10 (4-61)
Re, =Re(h" =3) (4-62)
Re, = Re(h* = 70) (4-63)

ho (3SR SN BEERBERX L D ROTMEERTH S, BEL, ZZTOABY T2F
BLABBEESC L 2 KANEMEERERAVS, k13 Webb & D ROAMRERTH D,
Re(h* =5) L Re(h" =70) DfEIL, 4543, 455 XEHVTH, £/, yDEIZ>VT
B L h, B ROPIWRET S0 LODEERA L,
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D F o & RENEBER I L TR X R BRI X B Re BUICHTT A EHIREREL Nu
BOBELE, E4-6, 4-7, 4-8, 4-9 1ZF T o £HTid Dalle Donne DR & Hijik L 738K
AHE S TVvA, 2 2 TIXETGBR, GBRe AR ESE L L, H SV 7 IBETh . ET P
ROFQ/F (RAR/EERE) — &l TReEENTIA—FLELTVA (LY 7 F v
AVEEHEE L, THEEE LTAY FAERRELERA L. )o V 7HRRIC2WTI,
Rehme 512 L 2EER@ET Yoy FLERIOFTHW LN GCFR FROERSEMT
W EER L. $7-, SEBOWMES U CFER Gr BROMBEXZRA L7,

4.2 BEUIM-E X7 25HFEEREER

SRBUB-CATAGHFE, TP Y LERBLZFOEEOKE S P LEHBRIAE
(Do fo TEE D LCFR BB ESHFADORBHERIIL P/DA 1.4 ~ 1.6 DfE
Pry, BECUVEIINARFZHEELTVWA, LPLENS 72— X 1 OFRFHERRIC
BLTik, SHEMHTA2HERXIEREINS, LoT, UTICHEYT S RAMRBHN
i, BEY CEFAZSARTN R ARG ZEREL T AHE IS TIREER TS,

F 77, SRR UCER- € A< AGHMIL, HEHPUIS ZEMEHEONMTIZ L ) T DR
PEEHARE BT A EFMONT VA, B 4-10 14, Lubarsky-Kaufman (2 & > TAF
ENTHALBEEBORGEECHTAERT— 72 EE LA DO TH H16, ZDF
L0, EBRF— I DIIE A EPRESBIOTT 2 AREERA,. Lyon-Martinelli D3 & Y
SIEWI LS D, COBRXLERT— yOBRERRICOWTIIRES BARELFHBES
ERTWARWD, KB, S-ECATAZEOET VA ERIIOVWTIL, BHM BORHY
PIEREEFTOBRSICEEL52 22124, FORMEREFEETI I LD
T B lerTllaslietslla2ol, = 2 TOREREERBPIIL, wEAMPOREERIfTONT
WABEETBREL TV,

4,2.1 EHIBKLMBREK

SR UNER- Y A AREMESIEEOFME T 5 L TR, ERFEE., SlRHEoZLE
O Re BERIC i+ 2 EBHEER 2 AV 2705, FHREBOBERRe T2\ TR Y AmHH
¥ [A)#%. Cheng-Todreas IREDFHEN 4-15, 4-2XXEHV 5,

(1) Z=ZAEINCHT ZEHREAER

(a) EHER (0<Re<Re,)
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K Cheng-Todreas DI & Hv2 5141,

f=C/Re (4-64)
C =62.97+216.9(P/D-1)~190.2(P/ D -1)* (4-65)

BA#EEIZ. Re<Re,. 1.1<P/D<15,

(b) E.HEFEEL (Re=Re;)
2k Cheng-Todreas D3\ & 3 %141,

f=C/Re*® (4-66)
C =0.1458 +0.03632(P/ D —1)—0.03333(P/ D -1)* (4-67)

BAgEHEIZ, Re2Re,. 1.1<P/D<1.5,

(c) ERiHEE (Re, <Re<Re,)
Cheng-Todreas (2 & W RESNA-FELTHVTHELARR [, 2 EHT 241,

T =0~y £ +v" f; (4-68)

_ log, Re-log,, Re, (4-69)
log,, Re,—log,, Re,

y=2/3 | (4-70)

IIT, f, WEAEROEERE, [, REREROERRNTH D, T, y oMK
LTI S, & fr D PITHET 5700 23 OEERA L.

(2) HEAEINICHT 2EHEXERK

(a) Bit#® (0<Re<Re,)
R® Cheng-Todreas D, % s a1,

f=C/Re | (4-71)
C =35.55+263.7(P/ D—1)~190.2(P/ D —1)> (4-72)

EAMEIL, Re<Re,. 1.1<P/D<15,
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(b) FELF#EE (Re=Re,)
R ® Cheng-Todreas DI T FH T 5141,

f=C/Re"® (4-73)
C =0.1339+0.09059(P/ D -1)-0.09926(P/ D — 1)2 (4-74)

M, Re2Re,. 1.1<P/D<15,

(c) BRRBEM (Re, <Re<Re;)
Cheng-Todreas iZ & WIREENAFEETAVTHELLZRR [ 2EBT L1,

I =0-vV fL+¥" f; (4-75)
*_ log,, Re—log,, Re,
log,, Re,—log,, Re,
y=2/3 (4-77)

(4-76)

22T, f, ABHREROEERE. [ EREROERRRTH L, T, y OEICKH
LT, fLE 2L ICHTETH7:0 28 DEEZRA L,

4,2.2 EimEHEKX

HAEEMREOFEMEIT O LT B, BB, LR FEeho Re IS
LHEEREAVEI L ELDH, TNOLEBROER Re BV TIIEFFFMICER L7
fii & F#%. ChengTodreas IEEDFMN 415, 42TV S,

(1) ZAERFICHT 3 HEEHER

(a) BEHFER (0<Re<Re,)
ko Miyatake DR & AV 5144,

_3.1(P/D-1)" +324(P/D-1)"*

Nu
1+69.5(P/D~-1**

(4-78)

IITONuBOREESIC L ETH L, BAHGEREIL, 1.1<P/D<4.0,
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(b) LI (Re=>Re,)
KD Sleicher DR F{FH$ Ale21),

Nu=6.3+0.0167P*® pr®® 4-79)

MRS, 10 <Re<10®, 0.004<Pr<0.1,

(c}) ZBEER (Re, <Re<Re,) ,
Cheng-Todreas {2 & DIRESNAFHEETHWTHE L BRRERRAEESR L, 2FH

T h,
B =(=w) b, +y7hy (4-80)
_ log , Re—log,, Re, (4-81)
log), Re,~log,, Re,
y=1.0 (4-82)

Z I T, A i Miyatake D & ) RO ZEUEESR, A, 13 Sleicher DR & D) R -2 {RE
RThHD, 72, yDEIZT L TIE, Miyatake & Sleicher . EZELNIIHET S0
1.0 DEZHRA L7,

(2) EARIICKH T 5 EEEHRFERX

(a) Bl (0<Re<Re,)
KD Miyatake DR, E 5 led,

_3.6(P/D-1)*+322(P/D-1)""

Nu =
I+9.1(P/D-1)"

(4-83)

CITONuBORERSBECETHL, MAHMIL, 1.2<P/D<4.0,

(b) EIEHER (Re=Re,)
Sleicher @3, (4-793) * AT Al21,

(c) BBi#R (Re, <Re<Re;)
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Cheng-Todreas |Z & NIRE SN FEFHVTHE L= EBRBEEMMREE b, 2 EH
T 5o

DL D& TENERICH LT SRR XL B Re IS B ENBER R & Nu K
DEALE. B 411, 4-12 17T B 412 KBWTE, BREROX L b HEELT
Nu, = Nu(D,, /D) £ % L7z (Nuik 483 X, D, 3B Y MARIN- B 5.0
TF X A NDORDEMEE, DIEVYETHSD). 7. 22 Tid BREST300 % %%
BL, SHM AV IBETh, EHP, RUQ/F (BEE/EENE) —E&HTRef %
NFRA=F e LTVE(FLF7Fr ANV ERERE L, FHREE LTV FLVFEHIE
AMEELE. o M OWHEEL L TFER Gr RROFARNEHFA L2

4.3 Ty FANR— Y OEFBRRUBZZENDOHR

F) oy FAR—HDOEEIIFEATH Y, FEONNY FAMERET) 7RI LETE
Yo b BUTEADOFRIC 2T, AMESZFEMEZIRETHIEIETEL VA, UTIIR
TERICESZEFUOBEI SEEEYROLIONFPEZLBEERDLNE,

4.3.1 EHBEADOYBR
NBEDAR—YFHPBBEINTVALEEOT TOEHEEAP RLUTO LI LRI NS,

AP = AP, +nAP, (4-84)

1
AP, =¢& > pv: (4-85)

TIT, AR ERT Y FVORFBR. AP, RAR—HIZEBENAK, LIEAR—F
IC &k BENEEGRYE., p 3IHHHEE, v, 3HEHH OV FIATEETEZRT -

AR—FDEHBEEHE . BREFEEIKE CREC X DPESREFHELATR
Td A%, Rehme[4-2210 BB HVISBERTREZA OB, JhiE, EIHRE
BHRE EFBERRERFERC, L AR—FFERE BN TAR—FIFRBEECHE e £ H
WC, BTOLSIRTIETERLGLZODTH S,
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E=C, eg® (4-86)

ZIT, eBAR—VILBAERTHY, £=4,/4 (4, AR-FHLEE, 4. X
R—FPLRVEEFORBHER) TEHRENL,

Rehme {3, =AY vy FEFI, HAY Yy FEFIONY FLEREFAVT, £ 0EHNX
NR—HBIRIH LAREEEERE L2 B 411 122D E ZOAR—FFIR, K 41 1IREBE
. B 4-12 iIZRe BT HBERRERFERC, DRERERT T T, EXDLDOMHIE R
R=BHRICE > TRELIISDH, C, DI RETLE-ERNERL, HIRIE=H
¥y FEFITIERe>2x10* i2BWTC, =6~7 &£ %> TV b, %72, Swiss Federal Institute
for Reactor Research{4-23]Cid, REEHF A2 L B3 FAVESEEB L UREERERBTE
BLTwE, ANR-HRRBIPFHAMICRESRY TOMNELRE 4-13 IS7T, ERE
LTHELNIAR—FETOETERBEER 4-14 1237, BEREIE,. Re>10*T 05
~10BENETH Y Rehme IZ L B A—FHERD ) LILEMHAERONE LD LFAEE
DEELE->TWnA,

BETRHEICB VT, B4-12% b E12C, ZHEL. 4-84K), @-855)E W71 v FA
N—FDEFBREZFMETRIT LV EER B,

) 7E )y FAR—FOBERIE, Rehme[4-24] DK eIk LAz v FAR—%
DFEFBRUERBRL HITETE S, 22 Tid, GCFROFF+*EE L, EXE/ICALY
IZHEENIZY 7D, EVEEMMEL P BT 2RESThbh i, F
415 ICE Y RED Y 7OWIR, K 4-16 [CRF IR 5N ARG OB E R, ME
I 4-16 D—DDAR—BEEH A~BOFERITG LT, H4-1712) 78 58546
ERVCIBED, ReBUTHT ABERRBERC, 0HERRERT (ERERL DY),
10* <Re< 7x10* DFHT, ) 74 2HEOBEBREEC, DFHE, EVEEIL~S
T 26%0° 5 4% BV EE 2o Tn5,

4,3.2 BUREAOBPR
7))y FAR—HDOBTHEIITT B 28N Zhukov & O LHK[4-2510 F THE Eh TWw3,

B MARTIERORBERNICRE SN, 7)) v FAR—HFEINZ—F ALY [ TERT
by, E£EEAORLD 400[mm]IZREENT V5, BB TIEAN—FOBEICL KR
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Geometrical Parameters of the Configurations Considered

Transver-
Axialty sally

Trian- Rhombus-{ Ring- | Honeycomb- Con- Con-

gular Type type Type nected nected | Honeycomb-

Spacer | Spacer Spacer Spacer Spacer Tube Tube Type

Grid Coils Grid Grid Grid Spacers | Spacers Spacers
Number of rods, » 37 37 37 37 169 "25 25 36
Diameter of rod, D{mm) i2 12 12 12 6 12 12 12
Width across flats of hexagonal '
{tetragonal) channel, SW (mm) 103.8 103.8 98.1 110.6 105.2 87.8 87.8 B7.8
Pitch-to-diameter ratio of rods,
PfD 1.392 1,392 1.275 1.417 1.317 1.297 1.313 1.213
Ratio of wall distance,
w/p 1.209 1.209 1.275 1.417 1.285 1.565 1.532 1.127
Relative plugging of flow cross ' ’
section, € = A, /4, 0.229 0.536 0.250 0.203 0.441 0.433 0.149 0.254
Height of grid, li{mm) 5 14 10 B8 8 10 10/40 12
Number of supporting points
per zrid and rod 3 4 4 4 3 -4 4 4 (every

other
rod)
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