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Thermal-hydraulic Analysis for the LBE-cooled Natural Circulation Reactor
—Development of the MSG-COPD Code and Application to the System Analysis —

(Research Document)

Takashi Iwasaki', Takaaki Sakai®, Yasuhiro Enuma®, Tomoyasu Mizuno®

ABSTRACT
Thermal-hydraulic analysis for the Lead-Bismuth eutectic (LBE)-cooled natural

circulation reactor has been conducted by using a combined plant dynamics code
(MSG-COPD). MSG-COPD has been developed to consider the multi-dimensional
thermal-hydraulics effect on the plant dynamics during transients.

Plant dynamics analyses for the LBE-cooled STAR-LM reactor, which has been
designed by Argonne National Laboratory in U.S.A., have been performed to
understand the basic thermal-hydraulic characteristics of the natural circulation
reactor. As a result, it has been made clear that cold coolant remains in the lower
plenum by the thermal stratification in case of the ULOHS condition with a severe
temperature gradient at the stratified surface in the lower plenum.

In addition, the flow -redistribution effect in a core channels by the buoyancy force
has been evaluated for a candidate LBE-cooled FBR plant concept (LBE -FR), which
has been designed by JNC. A linear evaluation method for the flow-redistribution
coefficient is proposed for the LBE-FR, and compared with the multi-dimensional
results by MSG-COPD. In conclusion, the method shows sufficient performance for
the prediction of the flow-redistribution coefficient for typical lateral power
distributions in the core.
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2) Thermal-Hydraulics Research Group, OEC, Japan Nuclear Cycle Development
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4) Fuel and Core System Eng. Group, OEC, INC
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(3) BWTFICL b, BRBFEREEDOR Y S5 LARKBES T, T 7L+ AIIDEE Pb-Bi
WETZZLMBA L. L. FHZLFADIF VU RBETIZLINED F
DADEED LREEENIAhAZ BRI Rok,
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4 FLREBESFHERIT~O®EA
4.1 BHEHR

Pb-Bi WHIERERFOFOHEHERA LOBADP S, EAPRIILDLZEY M Fv RV~ D
BEREAE (UT. N BRERE) ot EEREHEO—2Lk>Th 5, Nt BREREUZ
YAFAEHEOERBEEEMORERZITZ I LS, RROBHBBFTEHELTWELSR
FOBRERS LEARY—% Y FE2L TR ERY LTI RS FECERTERV. —%
T BEHHRIC IS TEEAF ¥ RNV ETHREPSLMAETNZ L6, FHF LD &REF
DIZPIFTCOEARE A —F > VEOELITE- R BERNFEEEE D Thh. Mg bR
I3 IELERBINT 2R LTHRE NS,

R EREE N =M 2 WA TN TORRBIHE L v, N0 BREREEIEFAY—F2JH
BITIRELTWAZ DS RIIRo TS,

A elt. Phase I IZTHLEREHARSThh R EAEELF (40 77 ke) ZHNRL LT,
Super-COPD I — F&EAWE | W7 o—FR v M7 —2EF)VB LT HSG-COPD a— K2 AN E=H
& 2 WET IV CORRBRTIC LV FLOERERSVRELE UE, 3510, FOREHEER
LIZET 2010, N BREREEEARE—F L VREB LY AT A0FEHRL OBRT
BHE LU HEBHEFERCOVWTIREL. 2O OWTHHE Uiz,

4.2 NC BHERBIC T 3 A E R HOMR
FD & > 72 EAREREFORRO N BREMRKIC OV CRENT 5.

SROEREES : Ap, &, Fdrk SEO

B X RREERE : AR RS BEALY o

REZDT, "

N :p;. = ppAT,Ahg -~ (1) —— 2 5G

1_
&

THh. BESAT,IE
AT, =T

core,out T, core,int

_ g (2)
“W,Cp
TiRrEhd, ZIT,
O, :FlHHEEEOHS
W, : ERHEHESRORE
Cp :EREH#
T b, W—7T—HMOEHEKAp,,, &

AhcoreAhuppey  Wh+

WBEHEET VAR
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Aptaml = Apcare + AP[WP —————————— (3)
= C1W02 + AU loop

TRENB. 22T, CREMRKSECETIEME. AP, HFOBLUADSERETH 3.

Ccw?
= 21 0 2: I.J\ Eﬁ%ﬂt:o
CWy +Ap,,,

total

FIBORE RS L NV —7 S DEHAROIE f, = i’; coe

we. 28 _coyae. (1) =(3) &b
Cp
e _ Lowr @
0 r

L3 —F. FLEDEEAD,,,,, KOWTEYEA LEAEHORESEKIIDVTRTE, &

AROEREFELE LiTHhIZ,

Apmre,h = Clwnfax - pﬁgATmAhcm,eq TTTTTTTTTT (8)
Apcore,h = CIWO - pﬁgATOAhcm,eq
1

+ A.hmmr T

ST Ay &0 FY Y ANVHOESRCET2EETHY, M, = EAhm

REND,
F¥ CRNVEORBEEMNL, DS L IABEETIOC, 6) = (6) LT,

AT, Qs
W...Cp
ko TATEMET L,

Wi =W) = Cobh, (G Loy oo m
o

Wmax
&ﬁ‘\‘c“ﬂ%u (4) EQE:J:'DT\ C]\ Cz&%ﬁbf\
S,
i
1
e (8)

Ah
W,:ax _W02 - Z’F:»eq (Qmax ];;VO _1) WOZ
. ' QO max f P

W, CHEL%E-> T,
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e — ©
Ah .QO Wmax )fp )

(WM] e e G Wy ]
BEbND. CIZT. BREAEGROEAAY —F L VRE [ n BT N BRERSRE

fomx T F¥ U RNVEENCET RS LROGRPLEER I EROL f, 2Z2h2h

THROLSIZED S,

w 0 Ah_ .
f o om—mx p_ Zmm o cree e 10
W, max Wo * SO, max QU s Jn Ah ( )

ChEAWT, (9) XeRHEITZ L,

fim“(l_%)fw,max _—fh_fg,max=0 —————————— (1 1)

Zhid. ARHIEEHED NC BRER AR fon, BT 2 3RAERNTH 5.

BWEBAOREEANY I R L->TRDB L
X4aX+h=0 D& &, D=2Th-4a’ & LT,

133 1
volob(ty oyl (DY
2 108 2 108
RO 12 U+VTELZ S5, LEMoT (11) Kb,

a=—(1—%] ,m-%fgm LBLTEREDT, [y U +V 285N B,
P P

4.3 B EFHEORI
4.3.1 BT BIFRURR 7 —2R

TR 2 % Pb-Bi BHIEARERORFFSEOMSRER 4.3.1-1 ITRT. FESHRIE
MELD 2@\ ETH D, AFATEHIZFELZEER L. ANV ANVILNVEDS GHEARICEES
NTN%. RTFAREEINNMEREZTCEIRITDEL 285D 68 SmiZREEN TN,
S G EABICIE 3 RO BEAREROBZHMBHIRITI SN TV 5, BITRREEIL. Fi. s
HREROAMER TS GRS EEBE/AL Lk, _

FRNT A 4R o EdHR LT RA(BOEC : Beginning of Equilibrium Cycle) TR kAR (EOEC :
End of Equilibrium Cycle) COFEAME—F 7 EE%E. Fheh, [4.3.1-2 R 4.3.1-3
ICRTe Fhew TNLICHETEFHEL=SEHEEF v 2NV EFL 1 2¢h, 75 1ch)d) 7€
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FIFILT ¥ 2 £ 4.3.1-2 107 T, ZICR. BHIEAKRORAAMBEEERICSbER
CaseB 57— BERTEI & Lz,

MHE VY YEFNOEF ¥ o R NVESE 1Y ORFHGAHAER 4.3.14 TR T,
Ch.No.iZHilvFv 2% No.l XU, B7S5F v 3N No.13 TRENT IS, BOEC TidfF
LHLERD DS C/R IZL o THIZ 5 TWBH, BIEC CREBAY—F1 7 F ¥ > 2IVHEFNL0D
POMEBER> TS,

HAAOHASHEE 4.3.1-5 IR T, RO HIIREY > T EFNVOLF ¥ V3V
CRA—¥ Uk,

BRI -2 %% 4.3.1-3 IIRT. BT —ROBRECHE->TIR. Y RFALEOEARLY
FOEHREOBENPFOBREES~OBEEFEMT 28805, 1 RAFOLEF v LRI
72— K (Super-COPD) CIXAFVEIIBEENFA—F L LE 2V —R2RE L. 2. SRT
T1— K (MSG-COPD) TR BA Y —F > VD& K L 2 FOERBRA~OES 55l ¢ 2 8505
E—F 2V DEMRZE BOEC BRUFEORC ZNR35 A —F e L4 —25BE L.

T, FLEHNREY £iE. FLSOEHNBRAP, X —EOEHEL AP, O,
fp=AP, AP, ¥ LTEX bh, BT IHBHBEOANERD—DTH B, ZDHEE.
FILER TSR & FE SRR & FREIC & b ROEFOEE R L GHLER 5 RDE
EABEEN (=—KOEHRK) L DEHLEBREEETH S0 fuld. BRE—F2 7B
5o _

4.3.2 1 /B F v > RNVEFINEURRITRZE

WREEHEIE, H4.3.2-1 CRTLSIC 1 /7 o—2 v MI—Z i X b FRBERASEEFEL

o BEHIEM 4.3.2-2 ILRT XS0, FERASEE I Y ELEILERAEFNE Lk, il

BL2F Y RIVRET 09 M 1Fv 2N, U—F 0 FREICRWVESAMIS G &S
AZ¥e BIAREIICEELTIZX4.3.1-6 iZfto 72,

4.3.2-3 I NC FHBEEREL( =W /W, oW, ISR 0EB(driver ) RHIFHE) L B AR E—F ¥ FHREO
BifRE. MBEFEFERORRLLBIIRT. BREFETRH. FOEHRARMPEDSTH 1 05T
EF v YANVEFNVORIFBRE L BT LIRRTER,

4.3.3 BWFTEFINVEURIER

SFFLEREF v o RVEBERIRIBT 2 L3512, VO VRICEDEE r2 FfE 2 WETEHRE
TH 4.3.3-1 iIZRTXDICTA YL a BB Uiz FLEOHARAYY 2 iIBEEEEERLT22
CIL-oTRREBEZEBE L EF v U RNVOBEEZ V-2 ) v 7 L. EHEEREESE
izo HL., BEENSOMGRITEELE . BAHMOPIERH#E L.

X 4.3.8-2 I NC BIREEREUL=W,/W, W, A 08B (driver ) EEIFGH) LB AR Y —F > 77K
DORRZEAFETEORRE L HIIR T, BRHEFEREEAEHF ¥ X IVO N0 BRERK
2 3WhE SFRL. EHAF Y L RIVERERFME BIZIE £, =0.5 % SLEXTH) 2.

COREE LT, OFOEHBREFMITEORZRTS (RR. FOSBERFECEE) @Fv >
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FIVERE AT 2IERAEROBENEZ b, QICOoWTid, HERREDDE L, L
LT, @FFEZRIFLTWAIEBEZ ONE,
X 4.3.3-3 i&, FOHDICBIFEEF ¥ AN BOMARBESHETRLTNS, £E&EH
A5 2.4n OFEFE I UIS PHR A U BEREFODORA v aBHid I Lrs, £2TOF—RL
DWW, BEERO FECIHIEIEEYRE X ko T3, BETEMFEET NV CIE. EaEOR
EETOBEERERLUTENZIMEL TOSH, FOROTREVEEAFEEZELT. £&
HHOPSHHMPESRTIC LT T 28BS, §RF vy ANVCE. Kb RESREASGGHIL

BEZOND (FL=—MR). ZOWREEFRT 520, FLBELCHT 35X A, ., T

BEAST AR 2EE 7%, AR =1.00n]& LEBEORITEREBRIATROLEEX 4.3.3-4
WA, BEHETFER. JELE—F L VFEHC O W T N BREARERE LB LTED.
JIFNT—RDONTEL 1.0n BECERSRTEERT 5 & L FHNFEL L3 2 L 055
e

4.4 TP ETE QMR
4.4.1 TSEETHORE

BRICRT &> R EAREFGRENSRELESD
DRIER. 2ERREW, . FO2EHQ, R 7~ SG
FOHAMBEZEAT,, _ICOW T TOBIRDER D 52
e P
FRHA LT F IV EROE— S5 Y R5, Ah

Qroat =Wioat " Cp* AT, (1)

WA —EHEROINS VR B, ITmu

Core
WV
PgPAT,,, =CWo, (D T?nTcore Quotal
LT, Eheh. 2EBHEOBRE2RDZ L
FL41DESEETES,
ERE 100%E RO AT, BRUOW,  dBSTH 20T, ZOBRADS> B, ) AKT (6) R
LD, 10%HARD AT, RUW,  BEHENE,

—7. 4.2TH&L Y NC BREMREL. ko 3RAOEL LTHLN 2,

f2 ——(Lf"—]fw—%fg -0 9

ZIT fi & foPREELRThIE, MARMOREEZIF 2 RIEIS 2 REL. f,TH5B.

f, &, THEAHEORBREW, 2H0TRRTHEL 30
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AP C, W}

=t (10)
P AP, C,-WE+AR,
SEBGRW, TR, FRERERETC 2L D, EEICIEETFARY .
] . 2 ]
fp = AP, core Cl thata! Cl (11)

AF ) Cy W +C Wy ) C+C
ZO (11) A6, FEABEKE f 2. ERERBECEKFELRVRRTSH L L0595,

LEdoT. (9) RiF—RHREMIEET BREIESENRNI LIk D, BRELT X Bl
FRH f, A EICRE L BN LB B,

4.4.2 FRET RGP R USENT r — R
TR RBARIE 4.3.1 INTHi<7= Po-Bi WHIERIERFT L § 5. @ —id. FilHss 100%

FETHS 4.3.1 IHCb<25E 4.3.1-3 ITRT HSG—COPD I L 2B W — FEBHO 2 75— R
U2 IS B8R0 SF 0T 10%RGD 2 r—2ADFH4 T —R LT %o BT —R
& 4.4.21Cm7,

4.4.3 ZRTETIVRUHRITER

T ET VL 4.3 1 IR G EEF N L 5%, FOHT 0% — X OBTHRROFESHIT DN
T 100%DFER LB UTH 4.4.3-1 TR T I0%HARGFTE. &F v 2NV OFEIE. 100%5
IR LCRUEIE (Uiy/Uing=0.22) THAOLTE D, NC BHRERRIT 100%R4F2E Lk
TWdo Lds->T. BT NC BRERE f, OB LICEREL RN L PR TE .

FERE 100%HARFD At B Wy ZEEEIE LT, £ 4.4.1 OBRDS B, B)AKT(B)RLD.
10% RO AL, B Wy, Z2HEL. FRITERLOLBEER LIz, M4.4.3CRT LS.
BRHERIC L5 T, BEEZRUEABRERBIIEEL S FRHXINTVS, HADREEEFO S
D 2/3 . HABRERIIHO 1/3 BHALTE LTS,

4.5 £

Phase [ IZTHSEEHARMSTON I PRI BRMEEAF (40 77 kile) ZM&R & LT, Super-COPD
a—FERAWE L /7 0—32 v NI—2EF)V R NSG-COPD I— FZ2HNW=ME 2 WEEFT IV
TORRFFFIC L D FOBHRBRAMEZ LB U, 510, FORHER LICE T8
2. N0 BEEREZEARE -3V RBERUTY AT AOEHEK Y OBRCEE L -HRsE
FHIODWT, 2022 L7z, ZOHR,

(1) NCERERS/EE. BOEC. EOECOHMIAFBROMRIC L2 B8R hx L,
R OEFEE—F > JREIEIIRE L ER 2R,
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(2) BHIFEFECLYNCHERREARBEFRITCED L 2HRTEE, XL, 5
FHEFEEN CHRBRAREE P (RPADICHET 2. BRHEFHEONE
FEDEDHIZE, FMOREARSE2ERTINESD 5,

(3) NCHAEBRSBREIZ. BOEC, EOECWThIZBWWT S 10%RMEY 100%54T
E—FLTHEH. NCHREREAMREIIF MM DOEERZTRW,
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5 #a

PbBi MAEAFRF O X7 ABRIEETEYT 2 Z L 2B, SRR LEBNRBIRERT
I—F (MSG) % 1%k7%E7S5 > EIEHEEIR T — K (Super-COPD) IT#lAdAH. & > 7 BiggddFE
BOZR7TS FEHEFRITO— F% (MSG-COPD) FA% L.

FNEANT, ANL ICTRFFESED SN TN STAR-LY F2RMNGRE LT, BERRF R U
FBEAROR T S LRMIRT 25 L iz Fix. RRGEEREME LSRR EEE hix
BARTARADNOPESY I BFeNRE LT, Rt LOBEBERBELR->TWSFy bF vy RV
~OHERBEMNREOERIEER L =,

ZORER. UTORRFELNE.

(1) MSG-COPD o— Fiz kX 228f#HTiE. TH-STAR 01— FIZ X 2IFRR LIZIEREORE
L7z

(2) #HEED> S Pb-Bi ~OEHMEERE ANL 55528 LT3 Borishanskii @5 JNC b8
TBLTWD Sleicher DRrEZ 22 Lt b BRRERBEIL24°CERELE,

(3) LWz LD, Bﬁ?&ﬂﬁ%%ﬁeﬁ@zaaf_\%ﬂ@%ﬂi\ TE L F AR Pb-Bi 25§
B3 ¢HYBELE, EREL. TRV FLADIFL 72 {EET LI D, FOLA
NBEO L FRFWIEME 5hb,

(4) NCEHEREAMR#IL. BOEC, EOECOMEBIILAEEINE L, BHAY—FVY
FREEICIRE LERZ T,

(5) BHEEHEFEICLY NCEREREE FRCEL LERB TSR, REL. BRIETF
FIIN CHERRSREZ PPN URFRNICTES 2. BRFEFHEOMER LOR
BIE. FLHEOFREREIZ2ERTILEDH D,

(6) NCH¥EMAKL. BOEC. EOECWTFhizB\WTH 10%5H4Es 100% 2tk —BH L
TEDH, NCHRRBEDFLOEAOEES ST,
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$#3.2 Steady State Nominal Operating Conditions and structures

Coolant Lead-Bismuth
Fuel Material L1}

Power 300 MWt
Core inlet/outlet Temperature 291/474 °C
Core Coolant Flow-rate 11210  kg/s
Steam Generator Feed Water Inlei Temperature 265.9 °C
Steam Generator Steam Qutlet Temperature 374.2 °C
Steam Generator Feed-water Flow-rate 155 kg/s
Steam Generator Operating Pressure 7.0 MPa
Active Core Height 2.0 i
Core Diameter 2.5 ]
Cladding Outer Diameter 1.27 cl
Fuel Pellet Diameter 0.87 Ch
Fuel Rod Triangular Pitch to Diameter Ratio 1.475

Steam Generator Tube Height 3.0 i
fumber of Steam Generators 12

Wumber of Steam Generator Tubes 26720

#3.4 SIMR-IMERFr—2—5%

BRI —2 HETAE HEE~P-Bi O=ER | T 7L FAD
BERIR
STARTUP_ANL L ENRRAT Borishanskii ®FAHY | &
STARTTUP_JNC 7 {&1E Lyon D=, ”
ULOHS_ANL FREIRZERRFD Borishanskii oY | ~
PN
ULOHS_ANEL_MIX 7 7 p=




#4.3.1-2

Pb-Bi Cooled Middle Size Core (natural circulation cooling system, Nitride fuel)

SA pitch {cm)
BOEC 2184
case A case B
w‘:::::: Nay SA amber &1;:'?’-- Avange pmﬂluchu M::;:;ﬂdlu ol d[:’::’hc:.ﬂ::;:'? ragh nln(:;llhl [erseA) s Iklckaza fon) tl;;;mﬂ;:;h: rag's -tl-;:iln [case B] dag (hdctwens fem)
1 54 155.654 2882 22306409 nner Cory 4 855713 66,71 2 B5.040 73573
2 6 204.455 2.690 31394205 flasec Conn 5 132,242 45.6569 3 131,244 46204
3 18 122,349 2549 19827919 |iaoercon 6 154170 22028 5 153.844 22.100
] k) 176,019 2361 29741879 |icaer Cone 7 182,391 28.121 [ 182.030 26187
5 0 57177 2859 8261633 | Duter Cont 8 189,463 7.072 8 189,453 7072
[ 33 83.857 2541 13631694 Joxier Coce 9 200.587 11124 9 200.587 11124
7 57 121.661 2.134 23545.654  [Ouler cons 10 218472 17885 10 28472 17.885
& 57 26124 1686 23545.654 Dates Core 1n 235.000 16528 1 235.000 16528
9 1 3105 3,105 413.082 5A 15600 1 11467 11467 4 131,744 0.500
10 1 2.76§ 2.765 413.082 SA 806 (1) * 2 16217 4,750 1 11.467 11467
11 1 3.067 3.067 413.082 SA an312(0C) * 3 19861 3.645 7 182.391 0361
12 -] £019 1336 2475.490 mizlmam powes SAs (OC) 12 B6673 1673 12 286,673 1.673
core lotal 426 1028253 2,414 175972782
{ 13 | 132 | 2a0ar 0.4875 | saszerrr fem e | 270870 T 13 ] 270,870 497 |
EQEC
case A case B
w‘::-':].:: - SA esaber 0-;::;;-- Averge mﬂlllﬂ!ﬂ\ Chnll(x Betice sade ﬁl:;:]h:::.::‘?; lh;‘:-hn(:)rﬂhllunm dag (Hickns (o) ct[::;d!:m;r:; l'hl‘uil-'n(::-dhs [caseB] sing ihicknen fom)
1 53 166.015 3132 21893.327 Inoer Core 4 85.810 65949 2 84.264 72797
2 45 127.029 2823 185B8.574 Tnses Core 5 115240 20430 3 114.093 29830
3 T4 192.688 2504 F0568.042 Taste Core 6 151.692 36452 5 151258 35590
4 78 186.285 2385 32220368 [aaer Cotn 7 182391 30,699 [] 185030 30.772
5 27 71539 2.650 11153.204 Oudac Core 8 191.877 9.486 8 191.877 9486
] 35 81330 2324 14437.858 Outer Cort 2 203.516 11.639 9 203,516 i1.639
7 9 79416 2,035 15110.184 | Outer Core 10 218,747 12231 10 215747 12.231
8 5 105812 1.603 27263.389 | Cster Core 1 235000 19253 11 235000 19253
9 1 2630 2.630 q13.082 [SA na. 135 (10) 1 11467 11.467 4 114.668 0575
10 1 3417 3417 413,082 sA 00600 2 16217 4.750 1 11467 11467
11 1 2256 2258 413,082 5A80312(00) " 3 19861 3.645 7 182391 0,361
12 L] 7205 1201 2478490 misimom powir SAs (0C 12 236,673 16713 12 236,673 1.673
core total 426 1025623 2.408 175972.782
| 13 | 12 | 22317 | 0.2074 | saseemmr e 13 § 270.870 97 | 13 | 270.870 34197

aross section of channel X (ring number 1)

cross section of channel Y (o sumber 2)

thg's outermast radius of channel X (ting number 1)
ting's outermost radiys of channel Y (ring numiber 2)

£10-200Z 00F6NL ONI
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#4.3.1-3 FLERBESFERTT X%

fE o — K 4 DRER %j(i—“# Ve *F-'E‘Ej;pﬁ%%“ﬁ e
Super—COPD EOEC 1_:419 0.7618 REtEAAXT—F
1 RAEF ¥R N—EK EOEC 1.419 0.2309 MSG = — F A
- " EHiR%RT—%
MSG—COPD BOEC 1.286 0.2152 oy
BRTA—F EOEC 1.419 0.2152 "
#£4.4.1 BHREREFOREEROBERI
=Y REX
2
= 3 3 1 2
ATcare 4Q!;ta1 ( ) ( C3 ]S [ 1 )g
3 32 4= Cp
Qlotal = (_1_) ATcgre (4) pgﬁAh Cp
C. )
11
I'Vraml = (’;53 Qtital (5) C. = ( pgﬁAkJ
s =
Qlatal = F‘uflzml (6) C3CP
5
ATcore = Cﬁ“’:ﬁmi (7)
C
1 ";' 1 Cs = ( /33 Ah)
Wi = (———) ATZ, (@ g
Cs
#4.4.2 HBHIREMRST ORI —2—5%
*J_:'-JD\H# %jﬂf—#f/ﬁ @-‘E\Eﬂ;ﬁ*%ué ﬁ%%
HA £y mex fp
BOEC 1.419 0.2152
= - 1752
_ . BOEC 1.286 0.2152 4.3.378
i 1009647 EOEC 1.419 0.2152 THRIEEH

- 22 -
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Module: FS [ Module :HX
Air Hydraulics Heat Exchanger
Calculation Thermal Calculation
Air Temperature vAir Flow Flow Heat Flux
Module :RX Heat Fl"; Module :MD Module :SG
Core Multi- Channel Multi- Dimensional | ¢ F"*| Steam Generator
Thermal 2| Thermal Hydraulics | Fow | Thermal
Calculation Calculation _ —| Calculation
A Temperature
lTemperature lFl chmperature
owW
Module :CL,LG
Power Temperature Plant Control & Plant Protection System
v Power | lContro] Rod
Module :KN ontrol Rod Module :CR
Nuclear Kinetics g——— Control Rod Drive
Calculation - Calculation

2.3 Outline of the MSG-COPD Code
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Fig. 3.2-1 Concept for Simplified, Modular, HLMC Natural Circulation Reactor
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Fig. 3.2-2 Illustration of Passive Reactor Exterior Cooling System{RECS)
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