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SLTHEN 2 THIBD Z=¢t vl 431%c. A4Zdd, AFA HF A &322+ AFA
QA Gk s WG en, A &= AAdE JAGA A B} v Ads JFEA
ANA 1 Jgo] A JEtET.
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SUMMARY

It is essential to have an accurate prediction of core coolant and fuel temperature distribution in the liquid
metal reactor (LMR) core thermal hydraulic design, because of the design limits are imposed on the maximum
temperatures of claddings and fuel pins in the sodium cooled LMRs.

Due to the high thermal conductivity of the sodium, the transverse interassembly heat transfer may have a
significant effect on the temperature profile within the subassembly, especially when it is adjacent to
considerably hotter or colder subassemblies. Therefore, the interassembly heat transfer calculation should be
considered in the LMR core thermal hydraulic design and analysis. For multi-assembly analysis, the
interassembly heat transfer model was added in the MATRA-LMR code and the code was extended a single
assembly analysis to multi-assembly analysis, i.e., a whole core code. For the assessment of the development
status with interassembly heat transfer, the benchmark calculations were performed with SLTHEN and THI3D
codes using the 7-assembly problems. It is founded that the subassembly mixed mean coolant temperature has
been changed as an effect of the interassembly heat transfer. And the maximum temperature change was found
in the non-fueled subassembly which is considerably colder than the fueled subassemblies.
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1. A8

AAFESE =4 AAA HAd A5 FA5A 2 34A =0 did AEF & STFIA H
=d ole Yxtze GAAG Buteldsr AAALZA e HHe AL W7 A Aot}
ol¢} Zo] A& x4 E58 A4S HAAE 9487HR 847 QAR 2 F =AW ZAEA
g AN Fo% 1y dAF shdeld. 2FS BZAAE AEStT Qe AAFEH2A
L 259 & EXEE Aste AFAD AL AFAY =L T FFL v, E3] o
235 ARAG 2=x71 F B9 2 9FL o AAY (George et al,, 1979 ; Carelli et al, 1978).

EF AR 242 Qs AFA] EdF F o] dojg F o, o= = <

o J3-g F¥ ol IAFAY 4 2 AEd AFE E 5 Y. 53] 2FA AFAS) dA
g AdAd M2 4o d+= vjFA (heterogeneous) =AU H9 AFAD dAGL HELT)
Jgg Fo, olgs "dEL2T WIs HES AMA Hrbd FAF 84U Hd. F dds
BEA Alole] WAL AHATE SEAo|7t Fof & dFo] QAT AAE JFA I} Ao Fj
Ay B A} o] 2 Hole 2 dFPo] A3 JFAR MG HEY 2w
olvel AFA Y L=8XE HIAZ|ER, AR d4ALE FAGL IAFHE =44 B
A HolHE Tl AL uFA3R ¢grr. 222 AL 24 o] YA L=EXA
rAx 4FE WAEAE olFdte AL FLAM, AFJA} EAZE 1T =4 258 3
A AP A 2= 2 FFEEE d&3t=d B5Fo|t}h (Chang, 1977 ; Wei, 1978). A
FAAzZ YoM AT dASH BASd B2 Lo FIHALH, 4 E Ao
o8] Z=r ARH[Y. ¥ A RS ZE= THI3D (Sha, 1976), CORE-3D (Khan, 1977), TRITON
(Carelli, 1978), COBRA-WC (George, 1980), 22|31 SLTHEN (Yang, 1997) 5°] 1t}

£ B3Ad A= MATRA-LMR ZE9] 58S Td JFANA AAxHoz 33 g
g Jl&slded, ol AFAR d4d 2 HEY 2N &4 msAch §3 XX08, EBR-
I, TED 7-AFA ALE 53 7]1& 3299 ALARE vug o2 MATRA-LMR ZE 9] A
=4 #4750 qE A4 grd FHsAc. =8 A A3 2AF<Q KALIMERS A A b
olE}E o] &dld AAE FPFoEN HA I=2A9 AL/ L BAsGET. A YAY
7veke meisle] AAAEle] SAZASOA ALLE EFoz JFEla oy olF v A3
o HEHAZRA F, 450 e FAUWFH T AFAME o] 75 5 Y= E AstA 7
5 AR 2 9% 4 58 5& 24 AFoh

2. MATRA-LMR IZE
2.1. hea

MATRA-LMR (Multichannel Analyzer for Transient and steady-state in Rod Aray-Liquid Metal Reactor)=
7+& COBRA IEZ [Wheeler, 1976]0] 53 21th. COBRA (COolant Boiling in Rod Arrays) ILE=
T2 #HYolge 712FA HdE &85 Joh. F, YIEF FFAY F2HEAL 9
Ae B2 Ura, gA & B2 AR 0Z 9719 control volume2 2 U0l Ak
A 2 £5% $34e fESY #3299, 499 52 Adan,
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T E 199739 COBRA-IV-iE THo2sted AFXE FAA 7|3, AHEA HES Y8
o 717 7]%E& F71% MATRA Z=7F ALHJYG [FAF, 1971 718 F2 715L b3
2. 34, COBRA ZE7} o8] AEHoZE AFEHLAN Zudes EILFAAY A}Lo
AAE subroutineo] } FF L AATIY I=FRE dEsAFon], A AHgEE BTE
o) $EEAS ZN7 L RE AFES double precisionC . $R3t] B} A& AL 43
g 4 A== F%ith. EA, Fortran 6622 AP Z=AUE Fortran 9022 35l A7A 3
o2 By folaA Z=F2E FAd4¥ £ J3 AEIUE AYSEE QY. AA, &
COBRA-IV-idl A& ¢ - &8 @97} british &9 htE o] Foijx Qo) o] & britishe} SI GHE
AT AR A8 2 £¥e) d9E MAE £ A s DA, COBRA-IV-idl A E &3
ZF nodeE U o] FAT Zol2 Yool Aalel 7153 R o, MATRANME o]& 7peigo
2 AEE F AEE F£AREHY. ol B2 blockaged} 2 ZAA] EF BE nodeE AA
3 Uyo] Algstezd B A&HQA A 30 HEE §7) 9% Aol

a2y A3 MATRAT AFET H&o] 7158 B AAF&2oE AL 71 YA
o2 AHFTERo HEYT &£ AEE ALF Aol MATRA-LMRo|t}. olE 93 o3 g& 1}
ol £AHAY FrMHAY. AA, A AR AU F dAl AAFEE YA 2 F
of U3t EAS AAsle ABAL subroutinel 2 ZHAsle] ITo AFAHAFoZH 3T L84
71RAH o7 AMFHEE 3. Eo U3 EAXE d€Hoz g3 Zo] Yoz & F ¢l
A At 4, ddG AlFo] A AMFE F 4l 2F0 g A@How FARo, @
A 2F €79 AFE 9] AEFTY AFAFT ARNE A8y oz HElo Ato] JsdEE
= @A AF ol&HE 4¥AE AW ANAE Z=ud Frgezy AEyos

H 560

2% @A g ol &t uEASF R 4HAG ] B ALE FEE F I=F I F,
COBRA-IV-idl Al ol&d e ¢HZFs da4e ded] AHgstn gleu, wirewrapol e
SS9 A A Rz £F9Y R FA7 FEske S8 dolt WEgez o9
e 2P Jrlg H L3 Folof Idh. MATRA-LMRIAA & olddld 4&S a3 ¢Y73st
2] Novenstern (1972), Chiu-Rohsenow-Todreas (1978), Cheng-Todreas (1986)2 M &3 o2 A}&g
F A2 E2EP. 28 12 B2 I wirewrapg YEIW Zolu, 28 25 MATRA-LMRIE 9]
AT AAL i Rojn

2
= ot=x 7}
%
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e
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D
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Q Wire diameter
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28 1. 252 ¥u 2 wire-wrap 34
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PWR

COBRA-IV-I : MATRA- o
. HP W
» CDC CYBER Version . [BM PSearl;?on PWIS
s British Unit v
* Complicated Program : * Yariable Unit
Structure (Fortran66) :  Simplified Structure
L J (Fortran%0)
(" )
. . . = Non-unifi Axial
* Uniform Axial Noding g N?)l(liiﬁ;l orm Axia
(. S

N\ _J

* Water Properties
( Tabular form )

» Heat Transfer
Coefficients for Water il Coefficient for Sodium

* Old Pressure Drop * New Pressure Drop
Model : Model with Wire Wrap

NS _J

Whole Core Modeling
(Multi-assembly )

« Inter-assembly Heat

transfer
« Numerical Technique

Enhancement

Flow Redistribution
Model
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22. AFAN <42 =4
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MATRA-LMR ZEE AAFEZ 22X AAke] AFHE Eol7] 98 IAFAN dA"g =
48 Jjgstg e, ojg T AFA Alole dAG FHL BY nodeZ 7AEH ¥ JHEL AAF
o Jeldigict 29 38 SAFESR IAFAL €49 2HE Jehd Aolth, &, 1gLe F
AJAL dAGS A5t Aoz JFAY 713 Adago] 3, dEBo] glon dEg
UE Alo] (AEAS A Atol)olE 250 A Y= AL B 5 ok olm) B node= §] 2
et go] = AgAe gEMT 1 o) 72 (HEY i+ AFA xpol 77 + HE e T
3l Jepz Q) o213t ¥ nodeZ o] &% iR WAL t}&3} 2t} (George, 1980).

T, -T;)

(pwcpwtw )'W—AIL = - Ui (Tw - Tl) - U_; (Tw - T_,) + q;’:& (1)
ey - [$¢§i§s’-a] N [s'-¢§j§-=#—a] N [aésﬂu{]
CECER: sgazz EETCE

= % #4709 92 2 AR wol 98] YEhIQT =@ BEz s jo

1 1 ty t,
T h + . + ot 2
1 1 t t,
C7 A T T ®
o714,
h;, by = ¥2 €49 AF
= (7. + 0.025-(Re-Pr)**)(k,/D,) : (Lyon-Martmelll AL FHa)
kq = 3E9 dAZE (HT9)
k, = 4279 IER
Re =Reynold & (=p'V:Dy/p)
Pr =Prandtl & (= C,'wk,)
D, - +93 47 (=4aP,)
1/(t/k,) - dey 93d%
Ue/2k) = A Aol )l JE 2F dA=
(PuCouts) = ¥ effective heat capacitance
= 2(p4Cpats) + (PaCputs) : (2 duct wall) + (sodium gap)
t,, = Wall node thickness (2t; +t.)
L, = Effective wall node thickness for heat generation (2t,)
29 30014 BEol AFAW sbgAe Rezg HEY slojdNe OiF TS AR
T3 €12 dole2RE FHAY, (£, o7 E Lyon-Martielli A48 AlL) o] 23 &

At} Afolo] Q= 2FA OF WDL FWEE Lalstd AojAT. A WA Alold] &
Fo §50) QAT 2 Fo) ARAY Aol vlal APz w$ Hol ojg AR dckm 7}
Qotol ¥ nodesl Mol FWF UF L HALF 4FERO dF ¥ YWE waz A



FAF Aoltt, F, AFA Alo] 250 M E HEY Zo] dAR 9% ANFggow BT
8 nodecl Aol a’ﬂ‘%-_}% o] A Asatzte goz FAsTt. oled vlFIIAZ W noded] effective
heat capacitance ZtE 2719 GE® I O Alo] 4F@d dF Fez el

2 (Dg to UF Foz FHESE gew 2ok

n

(PnC wi v) T, "o
[_—-X‘;_,— + Ul + UZ Tw = UlTl + UZTZ + (pw pw u)Af T gyt (4)

A e 9Al otdlg EE AHd A3 HE 1) R Fr2 A8 (ol g oz xd
g FAoh

h-h .
C, = —= : 8@ (specific heat) 5
T-T
B = h ~ h
un = Ul(—l"‘“Tl“_l] = y'l_hl"‘Ul[Tl ‘—l‘] ©)
Cp Cp Cp Cp
h, ~ h -~ h
U, I, = Uz[—2+T2'—2—] = —h2+U2{T2 ZJ Q)
Cp Cp Cp Cp
RH8A n = AEA timestep
2282 ~ = AA timestep ©|32, AGA iteration gk

AN Reld 4L Agstdl 4 We B e 2o,

PwCputw) U, U, hy h, T”
— U, +U, T, = By+ =2 by + U Ty == |+ UL Ty -2 40, C put ) = +q71, (8
[ A 1 +U, c, \ c, » +UW T c, 2 Ty c, (P.Cp )At gty (8

A 8y B2 v PR Aa g A BRI B noded] 2= R4 A
ol g matrixE FA43H ‘Gﬂ'g— F8tA "ol olW 3= Gauss-Seidel ¥HEH S Al&-gr)

FEAN 29 GRGol 9B el PP AASFAT Zruido] @ AL (gamma
heating) E# ¥ £2& AA5T k. @A dEgudld Feisgl sl s e A
23 ;ejs) Folof YFAT GAG ANBAI} Bk AW ¢e 2A I Aol F, Y=y
A Deae 2efs] AN A4 AN AR BE IR SO ol e e
ted gk WENS TS @ JEAW DIUEL FAFH AA ol JAdAY B
2@ QUARE 2 ok AA BANA GERl NS ZuHGE o Aol ol g

W Zoltt. olo i F ol T 4 2Y 48 T UehidG.

o 71 A,
h = 1/2-FFD+t,



FFD = A3 <& do] (flat to flat inside distance)

, = HYE T4

D, = 2-h-tan30 : BE w9 o]

A, = 6-(1/2-h-D,) : BEE T3 A AAHH
V, = A L :GEE 333 A3A A5

metA FEA EEEE g GWm)T Vel q7IM g 4 JFAE BAE (kWEA JE
OS2 FojA & gholth

‘] = qw ”,tw,Dw Pa Pl Ax (9)
of 714,
P, = HUF URE
P, = W5y URXE

A el ARl AR o ed AWM GEY SUARE GO 2o
Gyl = q;"[d + q;td (10)

Aol <

FE "R GUAFE TEE ¥ U YIS o83 4 5)e F&T 2o
e oo



_ U, U = By = b T
+U1+U2}Tw = a‘fﬁ*‘—c—;hz*‘Ul[]]"C:}‘Uz[Tz—E; +(chpu1w)z’-:;

(PuCputw)
At

(1)
+%z;, lg"(Ass.1)- P,(As5.1)- B (Ass.1)+q"(As5.2) - P,(Ass.2) - P,(Ass.2)]

a7]A Ass. 13 Ass2E o] 2F F AFAE Jehd Aojth. ojuf zp %‘J%iﬂ‘é P PE 9
o2 Fojxth

2.3. A=A H4

d o] MATRA-LMR ZZ& ©d ATA slAdA &35t A S 4T &+ YEE J)
Atk &, HollA AFe AN A 2dE nRoR o FANMY 2 ex
EXE AL ¢ 9. a9 5= 61719 AFAZ FAH4EH 4L o2 MATRA-LMR ZEA
AbEE HEAAS YA Aol

olololole
ololololoIe
glolololoole
olololclelelele
Slolololoole
olololooIe
Slolololo

DEOQ
OJCIC)CI8

k
Irl
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A RAFEE Aol AFAIE 300 7ol EATHT HEE W DL FAet Ze
22 g 2 AN ez e O ARAzle] Q8 e AL mz2E vagdod. ug
A AAxHog GdiFste FAHAA AMAE Folzin bF 2 24 1AL AEsigh
2% 62 MATRA-LMR ZE9] HAxA Mg A 2d 2 JF¢A FAHATE Yebd Rolo

41

CARA Fol BAKO =4 EE AWA Ul dulA R ggAsE FHud 3
FAZ S HEY S BE AYAZ A4 ddAe gadz 2oz ddsge

3, e shbe 2 YA PRA Yol BAYel e 127], AR

g8 AGAS BET ok TR ALA AMARE Fols AB Aol

Yl SAW 59F node FE ASSHAT, HEFA T3 A ALAT FLsi

- ukAEEE LB F 9 wire-wrap AMES EF AFA AT 2HE F =2 s
% (single phase) LAl B AL 7b5310, o ARE A E Aite] Brlssich

ARl B &% R FFEZ AP A5 AAA AL 2 A Aol &
S AL Aoz wadrh

u7uK4\ N

N /\a/< PN

L»is&km <,\\/
/\/r\\/ wﬁ \/T

e ,/ \»W
~ }/\,ﬁ(\//
/\/ \/ \/\
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3. AAk
3.1 AX¥l3 7E AL
SLTHEN 3=

MATRA-LMR % SABRE4 (MacDougall, 1984) 2 =29} Zro] JAA] Al-&H1 Qs iR Biaz
A F=EL =AY Y4Ae] £ 9 25 £XE duA EFF 8 2dg xl45)
Az Uz, 5L 5%, ALY E5F RELAHAL AR AE 385
5% BANN SERIEE FIAL o|F U] A AeA thA] ARSI 7ol B wirlx
E Aie FY@. olgd SAY B 7198F AAALE 82 o old ¥R
Bt Bk wE 22 Ado] JHedtEE Add 2dg o8 Z=7 1970 Sk MIT
(Massachusetts Institute of Technology)o| A A EH AT}, &, 714 Al8-¥ ENERGY 22 Az
5% BE WAAS X ged. guk o3 $ANS AANIESR Ads I Higd
ZA 222 Agstn duyx BE YA AAEA do.

-

go Z o JN

ENERGY 22& 2ztoe 2 19700t Fnkol MITolA ENERGY (Khan, 1975)2} SUPERENERGY
(Chen, 1975)2E7} /2=t ENERGY ZEE FAFA skl disiyzt sixo) sbessh,
SUPERENERGYE THAEA #iMe] 71sa=F A=A 19808 T2 SUPERENERGYE THA)
SUPERENERGY-2& Pacific Northwest Laboratory (PNL)ol| &} 71¢=H At A 7|dl s ZA ) §FA)
oA A L ZA3E B2 Aol HedEE AAEAT. 1995 d = SUPERENERGY-2
ot} ddg 2 HEA 2% A 2D Hot spot 3§14 Z@AL F7}8lod Argonne National
Laboratory (ANL)l <3l SE2-ANL =2=2 /B2=EAct  [Yang, 1995]. Z ol A =
SUPERENERGY-2Z 70413} SLTHEN (Steady-state LMR core Thermal Hydraulics analysis code based on
ENergy model)ol 7R2E At} [Yang, 1997). SUPERENERGY-2 RZEO|AE oy WA Al &g

53 AAA] g (ExpliciyS AM&3ted), T84 E<4BAY WE meshs FA3] ol
o 3t ©dol k. &Y meshd ti$ AA UFrE AL AIF AUAALE g2z 4
Hoz A3y PdEct. wepA AA JEAIL gap Alolol TEE F3Fo] g Fernz og
ZXte fgo] 2Ex gethan 7MAstn JEAF gL G xe o3t md=gk AL,
¥l SLTHENO|A &= o|& 2eiste 6 -3& 718tk ol 6 o gol wa} 6 =po]d 4A
sl (Explicity AF&3ti, 6 =10]H 4 3 (Implicit), ® =1/2°]F Crank-Nicholson %38 -<&
F3g}. ol gk FMT AW FuFF [Yang, 1997]0] YERG Ut

AA B2 JAFAYW ZE FFE HFFYAHAE Eo e Fos dHS € ALt A
e g5t @S dx drh olF A AAFE AL R QASTEE Ao Age o
3 29 ENERGYZ} 7B2slen, ZAGFAdE ¢ &3 28X AlLbo] 7b5% 2yl o}
Uit Azt dAsA A4 dele 222 Jebor (194, 1998]. ENERGY 229 ©eAy
L2 REzZke) 25 AL AANFEE YAF APA FEH ZARZE dAdleg 232 9
Wz A g Fedgd ook ol 2d g A8 AW AA REZE wgwgo s
T Adoz Ykt F FHAAYGE T AXT tiREe R52E THIY, AL
ductd] QAT FE52E ISt FHAAGAAME FUE 9 eddy F4HAISF o] 25
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3, FA QoM g &9 MAISEd 3 ZddEct. o FAs o9 F Hu3 £
£ Novendstern, Chiu-Rohsenow-Todreas, Cheng-Todreas®} &2 58 2d& A1435le & + ¢
t}. ¥ 72 SLTHEN ZZ=o| &g ENERGY Ed¥-g Jehd RAojtd, WA wire-wrap EF &}
o o}s VehtE eddy EAAF B wire-wrapl 93 duct BL whel FAEE NI AP}
F2E o] &3 783 A5 F@AoE Yed £ gk 0|9 ENERGY 222 HAA4H
sold ZAYF AMA AVANDE Bo] BEIHUNE ARG ARE de F AUt WA A
A F, B, -5 blockage T &L ZPAME B AR d48 EdE A3 2z
8] 8] B] &Aoot [Yang, 1995].

(UH)z A (U|)z A

| Region |

Region I

1Y 7. SLTHEN ZE=oA 9 F Y §E99 78
THIBD =

THI3D (Thermal Hydraulic Interaction in 3 Dimensions) Z =& A A4AHE]
(multichannel) 858 Y z=24, 2dE F {9 ZFE Y387 st BEoiH
Y AARA ZAE GBS 21 G4 A o] Z=oe
B3k Ak, F2AM01Y wire-wrapoly gridel] &s Z st A R-Fo] me ol gloh. THI3D

== A ZE AARPN e A, AR, EEF BEANA B HY multipoint BAZH ¥
AE FEdA AL ALsts Waoz Hol glon JYzial, I5H, dJds ¢ gEd
BEXE ANE = Y. THBD ZELE F23H9 A3 4SS 318 multipin 314 E£E

A5 Z8S 1edA &S multiassembly AME 3 5+ ok Multipin A= Zhz}

o] A8% < iy FEE B3 {2 FFagoly AT+ E FFoMY FHH ALY
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H3tn 2tk Multiassembly A4t A A5 JEAS st 22 stxn, JAFA WFolA
APHA AL st M=t EE AE dIFdvtn JMAEE ALE FIAEG =%
multiassembly AN & F27te] FFudo] dojyA] gt [Sha, 1976]. I 83 9= APH
Q) multipin ¥ multiassembly ZEdE& e FHo|}

[¢Jing IR -8

OUTLET PLENUM
TS
I : ] :
L b
-
(R
e e
-
Pt
>
-
Pt
e
o
Ll
I ]
INLET PLENUM

=% 8. THI3D multi-pin A4k 29

OUTLET PLENUM

INLET PLENUM

2 9. THI3D multi-assembly Al4F 22
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THBD ZEANA AHS8D Qi FA% AU 575 71e@ AMBRAL fa9 2, o
YA 2 £EF REWRL 098 AdAH) g FET + Aok o AMYRNSL A
Do AAZAT REFBAES Al FHMPLE ANV THEDANE +87 =g 7
AN e 2 BANE N1EFes s AUtk

- 2542 J3 vehve &3E aeskA Fdvh
- Lumped parameter® A}&-3HR T &, 2L Fold JE FEU EFEL Yy U4

- Y% Reynoldsstress @ EE 4HFRE8TE AT S e Aoz 7R &Y.
ZF nge 1zgez 3
of ofs) WAstE WAFHFE] A3 F}EL g A

1
ol M
o
oot
=
[#)
[o 9
(1]
=
2
X
£
1)
N
N,
A
=
A}
L
T

AMPAAL A U L £5% RERAAY YA At ERAS 2 ol
F59 nxyAdoz FAAT. AuEAo e GFLEH, MAYY AL D wire-wrapo]t}
gridel] o1& AAETET e ZE wuske] Asabgo] melEe] Utk THBD IEojA AL
wAe] ATANRY EewFos sty 2 wAvg A §2o P AL Sy
G2ol Watd Q47 BAe e5 e, AR L A4 EEE Qgoz Zojag Q7o &
& 278 A% T AwA) ANANE o] &% WEAN £ sty HE FaA) "k A
so] FASEE 2712d0 A ALHEH, ol disy] 5 gen e PrA W
A Ak

[+]

rE xR
o mi

2
op

- Newton-Raphson H9] $£HEE7} 271Z7Ad A F$HE AL 237 Ystd, mx &=
W& A (Cross-flow Area Reduction Method) 2 o] &3}l olRE FA} F2HAL 2= A
ARt ZA s Aistz, Aol AP wetd AAARRAR FaHoz FAA7Y ALt
v Yol

- f27h Be EAE ALE Wt Jacobi S ALY Aulste FEaE ARE o)
7l fete} @ frzolM BAT AL WAL AP 259 FRoY YL

5, Ao mao] WARGES B9l QWA ¥ el WoiA Y& f2ol WAL
3 FhRste) A,

3.2. XX08 7-3A &HA)

e

AolX A5 RAXNE JFAT dAGS 18t AAM=ALE £4.H %8 MATRA-LMRO
T WX AFAAE XX08 7-JFA FAE ol &8ty AU XX08 AF (George, 1980)

EBR-IIA £33 AdFoll &3 AHF shutzA, 271 8 R fFol A-32ehd vls)
$2@e e F, 29 A8 # 285 %, FFES 321 % otk o] 4FL2 s¥n 7

o

13-



Z=AHE BASLL, o] 7130F AAdF BEA Y AFAL A4 AF = R KFEEE
£33 Aotk o] A A IAFAE VIEA, FAA HAF xX08 FFAE rod F7} 61
/old, olF WE F2EF o|Fx vt YA F¥ JFAE 2709 Yds JFAS a9 A
g AFAE o]FolA k. olF 2719 IYHE FFAE 9149 rod2 FAHD, 4 AFA=
770, 1970, 1974, 37719 rodE 7Rz Ut F 12 EE IFAY 4= 58L&, 198 10& ¥F 3
g o)F P= F2E Yehd Rolth .

¥ 1. XX08 BEF AA 48 54

. Input parameters./ L .. Values .-~
Number of rods 61
Rod diameter (m) 4.42E-3
SRR R Rod pitch (m) 5.664 E-3
. Rod = Wire wrap diameter (m) 1.245E-3
- information Wire wrap pitch (m) 0.1524
i Rod pitch/rod diameter 1282
Duct inside flat-to-flat distance (m) 5.613E-2
Total length (m) ) . 0.6096
System pressure (Pa) 1.379ES
SR Inlet temperature (C) 351
*Initial = Inlet mass flow (kg/s) 0.8075
“conditions: Subassembly power (kW) 110.1
e, ALE Axial power distribution nonuniform
Radial power distribution nonuniform
: o Wire pitch fraction (3) 0.1667
Calculation Turbulent mixing factor (8 ) 0.01
parameters Conduction shape factor (G,) 0.5
Number of axial nodes (MATRA-LMR) 24
. Pressure drop model (Novendstern) 0.316Re™®
Correlation Heat transfer model Lyon-Martinelli
1.016E-3
duct duct « 3.B1E-3
NN \
\§ § Inner duct § \\\\\
ot NN
\§ § 4.65E-2 m § §
N §¢ >§ NN
NN | N N
§ N 5.616-2 m N >§
R N
NN N R
4 flow 4 flow 4 flow

¥ 10, XX08 o]F HE F &

-14 -



MATRA-LMR AlAF2 9

A AFF ule} o] MATRA-LMR ZE=9 FAAxA 298 uwhie e S0 BAIglo)
1709 EF AFAL Uz 34 JFAA2 248 Aoz 7HAse Aot wEkA XxX087-3F
A AAAA T ZAd AT xX08 AFAE EF JFAZ 71AEm, 9 AFAEL g+ F
gz 2t =g AP 583 A=AEE 2alatgoy o/ A ME 0zl
271278 ol &3t 100 % 8 L 73 AYLH AdRL P&k 2 99 geometry H]
ole] 2 w3y FHEIS g 27|20 2 FARAL AFdA A" %3 X

a9 11L& oF YE F2E /M JE XX08 EE AFA e g MATRA-LMR ZE=9| rod
2 252 H3AAS JYetd Aotk Rod FE 6174, 4F HEW BFEE 12070, 01F 9ES
TEEE F 144709 FF27F lon, FFE Ato] gapd ¢F HEWE mejsla 180712 2
Pk IAFA AF/HFL 9E B oJFHEN =2 FFE FEslx Qon, F Y
2% z=le] P @ BEALdC o3 HAF} FFol 4 B2 FYHT Wire
wrap option® AH§8tR o, ¢4H7Fs FWA L Novendstern F#H4S AHE3IATh,

Double Ducts

ige | iea

Lfm L
AV aSAYATA
%vavavavag?’i

29 11. XX08 EF AFA R+E IS AA

-15-



g 9= FA JFEA o B2 A3AA € Z JARAY 2893 F3E vEhd Aotk
ojuj Z+ FFA & ¢ FFo] B Aol Yehn Y, ol 4F AAst JFAG @4
g 43e AHEI] 4 FFHo2 o3 JAFALY dFES AA 3§17 A Aol FAA ¢
AP B JEAY 280 F39)E 0.13622 29 12904 BXo] F AFA 9 A4 )3
AR oz G Holn, 3 ol RN G e Y H}uE e 29 AFAA A
AFAD dAgo) AN 2=EFXH F2F 9L uATY. MATRA-LMR ZEZ9 AAxA
2498 9ild oet BF AFAE ANE e 28 FFAE rod 5ol AR 7719 red9} 12
Ao By22 mdso] AE £ g HFHo=2 XX08 7-AFA AlMMA] AFEE rod
= 10370, FT2E 2167, gap = 288712 FA ",

0.018768 MBtu/hr S power
1536 Ibm/hr 2 flowrate
0.0284 power—to—flow
(2)

0.37261 MBtu/hr
4574 Ibm/hr
0.189

0.35964 MBtu/hr
7136 tbm/hr
0.117

0.18221 MBtu/hr
2260 tbm/hr
0.188

0.54424 MBtu/hr
8059 ibm/hr
0.157

(5)
0.57529 MBtu/hr
8059 bm/hr
0.166

2% 12, F9 AYA A=

-16 -



SLTHEN A4tz

AgAE ZA =t F2F] F7], 948% F, 488 AR £ AR, wire-wrap &
o] SolM o7tx e F2E el A 97 FeEHo AFAE T3k A
48tz AafiMe e &) 718tehA ARE Q2 Frd. SLTHENOA = AM§-AH9
A8 olz) 2 el dBEAE o8] A4 node L node?t 9F ARE AT Loz AAE:
ATH

- FY AE%L E a% I e §9Y JdES 1Y F Ny

- dEE VA @ " s Do) (D)

- Wire-wrap 474 (Dw) ¥ 2l= 4o] (H)

- FEF UE Ateld Ag Dy B FA (1)

- £43 7+ (bypassgap), T () 2 UWEF FEF 4 (1)

- ARA S (g)

Interassembly Gap

Quter Duct Wall

b 104
68
67
34

101
62

103 | 102

66 /\ 64
65 \ /63
32 /\ 30

61
60

D ~ §> ,
2302 5 ;S 2
=\ 40 16 24 54 96 (o =)=

17 53
18 52 A
79 19 21 51 93 é\
$ 50
c¢ P «g{? 81\ /45 \/ 47 \/ 49 \ / 91 Q?c,é:‘ - co
N 82 /N84 /\86 /\88 /\ 90 Y
< \& A\ S &/
N A‘cg? 83\ / 85 87 89 v\?\\ &
SOAY Yo INTEI IERVEN IR INETR <o SO AV £
QN XTNS2] 143 | 144 | 145 | 14641057 DA /N
N\%, [ 173 [yi74 | 175 | 78] oY Edge
S5 | 203|204 | 205 | 206 ovY Subchannel
5> 233 |[234 | 235 | 236 o
Bypass Gap Inner Duct Wall
2% 13. SLTHEN :t9] XX08 E& HeHH FF=2

-17 -
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o9 132 XX08 EF JAEA ) e SLTHEN ZEe] 252 FeS Yepd Zolth. &wa
mesht AH&2ke]l A8 Ago] wel 2A SN, 2 JEA ] HZLEF meshs WF, 7HEAE, 24
P42 F a9 133 ol vydth FWYE dFES explict $HOoE AEIsta vhAwgke]

[e]

eddy 3t 2 EAEE RS AEststs dA A4 AEd €88E 59 2o g
U explicit S FA AF BAHo= ?_]3}‘3‘% off - /‘ﬂ‘fa]f?} WS meshS HWRE &},
XX08 &2 oﬂt MATRA-LMRE ZH 38 mesh 5 24% AE-31% 3, SLTHENS 120718 AM-&351a
Ak, =3, A rlold FFL EA oS ?ﬁ.—%_O_i A 3 A4y =R s
AgA Atole e nEsty] st F kA BEE AASta vk sluE 5 ZREEA,
FFol AL wE 9AZ FWIF meshE 839 AMALE FIF ALY GE FuE AR =2
HE2A, AGA Atole] AFo] AA& Atk 7t JFTFAL €HLDE 149E 3 2L
Ab&8lgth. SLTHENO A& opd AlAtol 4] MATRA-LMRYY & 24L& 73317 Y A= =
A5 AHE-3HiT

3
=
70D
0 7]
o)
0K
=}

2

-18-



Interassembly Gap

Fine Mesh
Assembly
Coarse Mesh
Assembly
2% 14 JAEA 22 A B2 2 AR B2

ZF nodeoll A @ZA ouA 9] WEF2 U2 2RE 9 oix G AR nodeRFE AEFHE
dulxel gez veldrh webd 2 FFE 39 eddy S 9 EdE, RS W 528
o, 28 B3 34 Atele] ddEE 316%6-}04 Aol #=8d. 53], A Atolet o]
AHE ZFA o FFHE FEUA B ¥ 1404 BRo] A= E‘r% T AGA A

sta S AFd @@Zﬂ J—:.LQ] mesh 377} LA &% 2=} o] A S mesh A7|E AR
3l31 9 HAeAle 22 & meshd] EEE qws}oq TE), .g mesh DA AEH 712
SEE Ze mesh YA AT 2EE T F s FEG AF gAY PrRE
A 2 HE Fotod ART JEA dAHR, WA VT FFE B EHEE FHE

(e}
sl g BAET AT

XA AFg upe} Zo] X A S 9lste] SLTHENO|A = u)&ate]
E3lol] explicit ¥ Al B g5 UE < %‘ﬂ&it}. o] Wil 93] 671 090 B¢
ol = A A (fully explicit scheme)e] =, 671 19 F o= &
gk 87F 1290 3 9-9l= crank-nicolson o Z Al4bdY uR
Bog Alite]l FaHAT. o7 AEHE
[T EF7EA] AYSHA AAHS whESE A

s
8

] o} BFE Al S Gauss-SeidalE A

>
X
2L
i

A2 (fully implicit scheme)o]
ATRA-LMROI A& &7 A}

o

THI3D A4tEd

THI3D A4S 918 pin 2 252 FEl: MATRA-LMRY 223 <7k gel 43 2 AAzdxn
HMAl Folrt Bastrh. @ HAEA A o]F HE Zo] JhEsht ojuf oz HEW

-19-



9] ¢ 9 nZ%E% d4@S URE k. THI3D ZE=OA o AFA 7]'dol§ MATRA-LMRO]
1} SLTHEN® Zo| J&Azt g 9% AA =i Abad g4 JAd F520 dig de
g AJME FA & F Ade Aol oyt A= @ FFA AL AL AFA FejS
adiz o JAFA Adde] 83 ALE o pino] E AFAI He Ao, wEA o AY
A ALA A FFE AL FA FHE 5 ok old disl F o AAS A EY, THIBD
A% vhgolE 5 7FA optiono] JedH sute @Y ATA optionold, THE = o J @A
optiono] Ut 714 G AFA option AHEAl A WAL MATRA-LMRS] A% fApshd,
o} AFA option AbEAllE WEAH FFE ofyE JFAL dxo o3 dAG AXNE A
o] §lx] ¢kt wEtA THBD ZEoA ot J7A| options AlE-dteis ZEHA 5L 7+ 3
AW B 2SN =4 F4FS YHoE 7Y% ETUHEE ol &% =AY ZF AJAY f
ool gl

XX08 7-H @A 2ojet Zo] ZF AFAE 28 %ol 2RFH e FFoA HAAL &
Ag 4ol o3 AFAN S8 X ¥WIE FAsly] HsiM e wELF FF @N4Ee 494
EE ¥IHL 4A3 siAg o JAA option BRote BY AFA optiong AREE Aoj gl
Zolth. ol pin® JFAE /1P, ¥FE FElE hexagonalS AME3I0, BN G2 A
FgS TA Fo FFe T30 RA g a2y A 2odAe AFA HEI o],
HEQ YE Alolo] AFo 97t gapol SAEIY 2 AlolE Mo o3 Fo] AgHE Ao,
THI3D hexagonal E 2ol HEZ Qlx, ded AFE F27F vz Fe Qon, Albgis
AR Bz Reg Alojd @Adoe] s Aoz JMAZT. ot ojw YE ojgk Ayt
e wrAN FFAAE 2Zsto] B oo tid AA B8R gg dedH oo U
o 29 15 2 162 XX08 7-J A EAl i) @ JFA AMA RFEZ ¥E e 2 o
A A4S 2% hexagonal -2 FES el Aol

-20-



a3 16. o ASEA AFE 95 hexagonal FFE HE
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ALES

I¥ 172 XxX08 EF FAA 9 JAFAY FF2EH FFLE0 didtg ad AFgA=E M3}
of A4g A3el 7 A9 JFAE A T8t JEAT dHES 2 ALARE B
Aotk AFAT FAYE AT 71F 2 AFL AR FE2A e 2xWstoln, o]ojA
ANFeoz HAEAY F428 2237 28X . XX08 7-AFA 2712A0A BFo)
EE AFAE 2@ T JgA Y FF2 AAZF o2 ZF AGA A viE Fof A g
Ao A EF AFAZ Fo] ALGHE dHo TG F, i JFAJ Qe AL AYd o
2 BE Z0 L AFdA ANE d@d IFA 9 FF AFA FTFLE7) 457 °Cc Al v
TR A AAtl s 459°C 2 2°C &4 &8t 9ot ol olwtEe AFHE do] Fi 3
AR AGH TF JEANY 2= Folod A" Aol ¥ 1094 #

140 229 2EEFE AdHed ad A ALARr) 3A Jebhd Jtﬂ;, Elas =t Tﬁ“—g
128 F2oME A A5 A olg} ZL Ade ol FF2UF FI ol HigA9
A Jgol o3t Hor FF= 14001] Ag F3 AgA HHE2EE Ev A vl

2 12804 I dgE FA AFAe] 257t stolA 2AZ Aot AF R4

—Eri £g FHoZRE do] AEHUA HAAHCE 22Vt old Aoz ddd.

rlohlr.lziriri
R 2 fob ok

520 4 —o— matra-Imr(single) Single : T, = 457.2
—m— matra-Imr(muiti) Multi : T, =459.4
Q 500
et
2
® 480 - /a/La\
2
£
o
ot 460 -
[}] e
-— —B D/
= o
o [m)
440
420 I ! ] 4 1 v I M 1 i i N i M 1 4 1

——
14011689884948 21 20 5 2 11 12 33 34 67 68104 128
Subchannel No.

a9y 17. ¢¥ 2 AA FeA Aol 93 XX08 ET2% (MATRA-LMR)
a9 18 EF AEAY HEAE BeRd dizh 2725 22X gy AgA= 741

ot tf AgA sidoz AN AFE vad Aot B JFA B AR B2

b 2
L
ceEs s przs $HEUA G@ AVE T A $4E ddse 0% w

-22.



o) o) ARG o9k 2ol AR A 42 LEREE O ARA A4S oA F
APAstY 228 B} A5t 29 187 2o Uehdth 29 1704E AFE wpoge) F

W ARAY 57 Fe ALE 28 #dA L£57) Yol 1, oW 4§ vyl 57 Ho}R)
= EAS B A & F8 FI¥A 2,39 B By AFA EF2T7) 396, 443 °)CE X F

RAFA 457 °coll Hl& ol B JAFAA FHog do| MU G IFA AdNrct
pRAE R42 b @opl v, UnA] A7FA 4,5,6,7U A¢ole o wdlE HE A7A
=7} 473, 480, 493, 494 °C F¥ JAJANZFE A& pomEH EF JFAY =7t &9t
ageal BEo] g AFA] vlE] & ¥R LEREEE Rolxn Uk 1Y 18 ofdfd EA)
AL Fy JFAY HF ETLEE EF JATAS Fote FE29 HBAY FrE X
o)Az %t & 7 AT AAHL FFL vxT Aoz woAH.

é-l.

T
.

460
455 f.\
: el
] .;lrlén’. T g-R-m- &
~~ 450 - o _ . »
S D\D\D_D,D\ ' D//'/
D~
2 NS
2w L, R N
8 -
D 440
Q.
£ | e :
12 435 Single : T,, =457.2 —O— matra-lmr(sungl_e)
1) Multi : T, =459.4 | —m— matra-Imr(muiti)
5 430
O
s (@ i@ @l e i
: T.p=396 g1}w=443 | Top=473 : T, =480 [ T, =493 | T,,=404:
420 'l'I'I'l'l'l"l'l—fl'l'l'

J LI
121 122 123 124 125 126 127 128 128 130 131 132 133 134 135 136 137 138 139 140 141 142143 144

Subchannel No.

29 18, XX08 7H3AE] BFE £32% H)al (MATRA-LMR)

29 195 A AidA 9L JJA Fd FT2EE SLTHEN R THI3D Z=9 A4
ot vlmg zlolt. 7 ARAE D FIAZ AL W Z ALA dis) A 2= JF
A HE EFLEV 2on AT FF 29 195 JAGAN 2 ¢ 2= AdA %
ozt & & At F, AN 1UEF) FIA B¢ FHo2RE @& e 2 Fd Yo
Al SLTHEN©] MATRA-LMRO] H]3 39, 7 zo]7} ¢ 10°C |tk 2¥ A HA Fozy
B 4& on F 3=9 ol 1M IFARY & 25°C 0|tk 3,4,58 AFAAE F 2=
o 27t 23, 6dlF 78 FFANME w2 L& FHoE f Fewl 2 g QdolA F
=9 dtole 7 °CE YEhEth olst Zo] ARAZ A Aol2 U AF JFA 7Lz
RelA Zol7k b MATRA-LMRY 7% o A ALK EF A@A S FFXEE 459 °C2 o
d JEA AXAARG 2 °C ¥&H wE] SLTHENS o JZAA 471 °C2 &g IA ) n)3)

> A

=

-23-



13 °C ¥4, 53] ol§ 2EZFS F2 /MBAY R4 F2 FFE Fo| 2XY 2=
AR R

o

s004
1o e ‘/g p
4804 | /5/
S ol o\ "
> i
2
® 440 -
[}
g. J
o 420 4
[t
w5 . —m— MATRA-LMR
B 400 4 X —0— SLTHEN
o) | —A—THI3D
380 4 x Single
] X
360 T T T r T T T T T i T T T
1 2 3 4 5 6 7

Assembly No. (Multi Case)

Y 19. XX08 A HF &4Lx
3.3. EBR-11 7-3A & A

Ae B ZE ARG

EBR-11 7-A &4 29 (Yang, 1997)E FA A% BE AFA L 6719 8 ZFA= A5
o] Atk EFE IFAE 61-pinoln] @Y HEZ FAHA gt o] EF FHAAY dH¥EAHL
F 20 eIk =3 ZF FJskAe &9, &%, £9d 3 29 200 EAEY e
MATRA-LMR Al A E Sl (fully implicit scheme)o] AFEEHA, AFAZF SAGL Axo
2% Azgtez 7RG 6ol FH AFAE AA 1709 T-pin, 1789 61-pin, ZE I 4719
91-pine 2 FAH 9o} MATRA-LMR E9oME 5 FU&A 7-pin, 2-F 522 tedla)
o T3

SLTHEN % THI3D 74t ZEo] AvkAl &L 9o AdFHE XX08 7-AFA 88 A=
fA}slth. SLTHEN AXbolAM X MATRA-LMRI} Ze #7348 wEo] vlmsty] fs& T3 A
o g Zdor AA pin R FFE obd 7pin B 12 RFEE AHEEQIth. SLTHEN ZE=&
AA Bz siA =9 MATRA-LMRI:= g, AA =48 44 Jelz 2o Ao
St AAAIZo] 2 AR ¢& Aoz wadrh. THIBD AtelA @d Aol g A4

2 FatA ggon, Ad =4 A F3std9 2 ALEATFE MATRA-LMR Bl Al4to] &

-24 -



£3tgt. ol THI3D A4t 53 o] MATRA-LMR ZE9 g7k

Aol euz o] x| %A THBD ALZAHE o835

¥ 2. EBR-II 35 AgA 948 54

edg 220 g ¥

Number of rods 5
Rod diameter (m) 5. 842E-3
Rod pitch (m) © 6.909E-3
Wire wrap diameter (m) 1.067E-3
Wire wrap pitch (m) 0.1524
Rod pitch/rod diameter 1.183
Duct inside flat-to-flat distance (m) 5.817E-2
Total length (m) 1.402
System pressure (Pa) 1.013ES
Inlet temperature (C) 371
Inlet mass flow (kg/s) 24537
Subassembly power (kW) 530
Axial power distribution nonuniform
Radial power distribution nonuniform
Wire pitch fraction (3) 0.0667
‘alculatio Turbulent mixing factor (8 ) 0.01
‘parameters Conduction shape factor (G,) 0.5
o Number of axial nodes (MATRA-LMR) 138
B Pressure drop model (Novendstern) 0.316Re™*>
’ Cgrrelgtpp Heat transfer model Lyon-Martinelli

vavav‘

e%%'o%%
a%%%'a%%

‘9@@6969“949696 v

©YaYavEvavava ey

-25-
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2% 20, EBR-II 61-pin &5 )

" no. of pins

7 pins 91 pins

Ly : _ ~ power/flow

oo 0.154 g
10.02 MWth 0.55 MWth o
1368 Ib/hr - 28564 Ib/hr & ey

91 pins 61 pins 91 pins
0.154 0.2186 0.162
7 1 4
0.60 MWth 0.53 MWith 0.63 MWth
30879 Ib/hr 19474 Ib/hr 30866 Ib/hr

91 pins
0.120

61 pins
0.124

6 5 5 - Heat
0.37 MWth 0.41 MWth Conduction
24415 ib/hr 19772 Ib/hr

2% 21. EBR-II7-F&H) FH=

2

|22 7}

Zol vef 7p wo. F, o] A

PTE 7 SEEXEE YE Aotk 1™ 2104 B %o
T =
l vehdth 2% 2

~26 -



Outlet Temperature (C)

Outlet Temperature (C)

680 -| 'MATRA-LMR(S): T, ;<5406 - ~SLTHEN(S) : T,,.=540.3
| MATRA-LMR(M): T,,=5325 - SLTHEN(M) : T,,.=526.7
640 /""'\,\
600 4 - /O/ ‘ -\-:G\
560 - /
—o— MATRA-LMR(single) \
520 A —m— MATRA-LMR(multi)
1 / —o0— SLTHEN(single) \‘
®
480 - —eo— SLTHEN({(multi)
I M ] * ] 4 ] v 1 M 1 M 1 v 1 M I v
11689 88 49 48 2120 5 2 11 12 33 34 67 68 104
Subchannel No.
a3 22. EBRII EF IAFA 52 7%
5404 +
—m— MATRA-LMR
Q —o— SLTHEN
520 4 —a—THI3D
+ Single
500 -
480 -
%
+
460
1 +
440 -
1 ¥ N 1 ' ] N ¥ ¥ [ T 1
1 2 3 4 5 6 7

Assembly No.

% 23. EBR-I AEA #HF 7=

-27-




3.4. TED 7-3 & A

e

o

TED 7-3 &4 (Yang, 1995 EBR-IIA] Faid A9 itz A&l Fas 243
2} 22 7) (TED : thermal expansion difference temperature monitors)oll ol&] 28 F Aol 4
ERIE EAFE Aotk oW EBRII 2¥FAE =AU 16719 AFA ringeE FAH
637719 HAgA7r EAstE Joh. =4 vEAZ o g A7 EEE g FA4
AARE 727X E 2 dds JEAolH, €8 4% AFAIT S07F ok ohE 8olA 10
22 WAk, 2 gg A% EA4AAE 2R P Ak 28 248 o) E T xH FA
B A4te] AMEE T A9 TED X494 7-J A9} TED X495 7-3 A =29 #A ol AgAd

AE BoFa A

brfe

==

d
O{N‘?‘mlr
>, of¥

P oof of

Reflector

o9 24, TED7-JEA RIS g =4 FAHE
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TED 482 F 7% dal FIHAeH shbc X494 7-FFA o)vf, oh& shtE X495 7-3 3

Aolth. o5 ¥ A% A TA 2 24 IRAY 283 S0 2 250 YEh} Ak 5
W% A%el Sdel HAE Xiow % xeos APAT 4B Ao 748 AWz s A9

6l-pino.= TS glort, I3 26009 2ol 1170 B pinol AAS o} T o 2
o] AAHZ, webAl of pin ol FHW TEDel sl AFAN 25 L=ETs} SR

61 pins

91 pins

61 pins

61 pins

0.1396 0.1682 0.1867 0.1394
2 3 2 3
0.69 MWth 0.70 MWth 0.47 MWth 0.53 MWth

39216 1b/hr 33028 Ib/hr 19984 Ib/hr 30177 Ib/hr

61 pins
0.09265

61 pins
0.1254

61 pins
0.09265

61 pins
0.1420

61 pins
0.1156

61 pins
0.1447

7 1 4 7 1 4
0.73 MWth 0.62 MWth 0.42 MWth 0.42 MWth 0.51 MWth 0.55 MWth
50132 ib/hr 39254 b/hre 35980 ib/hr 35980 Ib/hr 28500 Ib/hr 30172 Ib/hr

7 pins 61 pins 81 pins 91 pins

0.02705 0.1497 : Heat 0.1416 0.1050 . Heat
[ 5 Conductior] 6 5 ™ Conductior
0.02 MWth 0.74 MWth 0.59 MWth 0.28 MWth
5868 Ib/hr 39242 b/hr X494 7-Assy. 33071 Ib/hr 21155 Ib/hr X495 7-Assy.

2% 25. TED7-A%A FAE

BATATRORD;
9@9@9@@& “
RSN 6
a%%%'a'o%%
?Q?@?@VQO@W@@A
0969696v696°6°¢
9@9@9@9@9@@0
9939695030

2% 26. TED 28 A 2252 pin
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¥ 3. A X4949F X4959) G A2 vl
X494 Core Center Core Top Elemeni Top
Row| Pin | ME [M(S) [M{M) | SL [ ME |[M(S) [M(M) | SL | ME [M(S) [M(M) | SL
No. [No. | (°C) | =ME | -ME | -ME [ (°C) | -ME | -ME | -ME | (°C) | -ME | ~ME | -ME
1 31
3 |24 (42601 |01} 03]|488|-6.8|-6.7|-9.0| 488 |-8.51-8.3/~9.1
29 {421 | 71 | 7.1 168|480 |-1.1|-1.2]| 0.2 | 480 |-5.3[—-6.0|-3.5
48 | 425 | 2.8 | 2.8 | 2.7 | 485 | -4.0|-4.0 | -5.2 | 488 |-10.4|-10.6|-12.4
4 7 |418 1 6.0 | 6.0 | 5.1 } 475 |-7.0]-6.9|-7.2}| 471 |-21|-1.9|-9.4
341421 {1 0.0 | 0.0 | 0.8 | 482 |-12.3]-12.3|~17.3] 479 |-8.9|-9.4 |-22.2
53 |1432 | -5.8|-5.7|—-5.7| 489 [-9.1}-9.2 |~-14.6] 478 | -5.7{-6.9 |-12.4
5 5 1409 |-1.3|-0.8|-3.6| 459 |-6.6|-5.2|~-18.6] 467 |-2.3|-1.0|-27.9
19 | 408 {12.0|12.0| 2.7 { 442 | 14.0(13.5|-11.1| 456 | 8.1 | 6.9 [-23.1
44 | 429 |-11.5{-11.9(-15.6] 461 |-2.6 | -4.5 |~10.3]| 468 | -4.3 | -7.6 |-22.4
61
x495 Core Center Core Top Element Top
Row| Pin [ ME [M(S) |M{M) | SL [ ME M(S) M(M) | SL | ME [M(S) [M(M) | SL
No. |No. | (°C) | -ME | -ME | =ME | (°C) | -ME | -ME | -ME | (°C) | -ME | -ME | -ME
1 3114321 25|25 128|498 | 28|28 0.7}505}-53|-52}-1.3
3 | 24| 436 [-3.6|-3.6{-3.3|498 |-2.7|-2.7|-5.5| 508 |-14.2|-14.2|-16.4
290143510 |10} 08]490 53|51 651489 |12 |02)1.9
48 [ 430 | 46 | 46 | 4.6 | 496 |-0.2|-0.2,-2.2]| 493 |-0.4|-1.0|-3.8
4 7 {439 |-8.3|-8.3|-9.3]484 |-25|-2.3|-3.8]1485|-2.7|-2.4]|-16.9
34 | 437 |-10.6|-10.6|-10.0{ 496 {—-14.2{-14.1|-21.4| 490 | -7.1 | -6.6 |-26.4
531434 {1 -0.4|-0.4|-03]|493 30|28 ([-44]|482| 55| 4.1 |-52
5 5 418 | -6.2|-5.7 | -5.8| 475 (-12.5|-11.8{~29.3| 479 | -2.4|-2.8 |-37.7
19 1400 |21.4121.1]17.0] 452 [17.0}14.9| 5.1 | 464 [13.6| 9.7 |-15.0
44 | 431 | -6.7| 6.6 (-11.8| 473 |-0.9]~1.1 -12.1} 476 | 1.8 |-0.9|-24.5
61 | 408 | 8.2 | 83 | 2.2 | 456 [13.0(12.0|-8.6| 463 |15.0 | 11.2|-21.1

* ME : Measured values, M(S) : MATRA-LMR single case, M(M) : MATRA-LMR multi case,

SL : SLTHEN
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FE 32 X4949F X495 F Aol diF A £ 3= FUYF AAE LTEXE 8B Ho
ot} X4949) A 31 2 61 pindl hE A= AP FRFS dolHE RAHEH TFAINA &
2 BAZ AJAME o] F pinol i HluE 3R &gkt A= FAAE AFIRKOI
dummy pin Qo] TEDE AF3t] 2 &ol] AQle 259 =8 3% w4, AdodM e 447
2e 43S 2o £ gly] f&ol dummy pine o] Y& pinCZE JFAE A, o] pin 9
REZ A L2 At FIF FE ST ® 394 MATRA-LMRS @ 2 I§
A7 2ALE 1T o JFA AL AHE A JeEhdded A2 v Ad2H4E Yehy
Ak ol FHol XS X494 F x4959%F T AF AL U FFuIE & ZAolE YERY
A ggta, =3 F 30 Uehd 2=z dummy pin £ FFE 2% did HFae el
24 1 Aolg F o 99 Aoz uddny. AP HlmeAs X4940] s MATRA-
LMRAAE H) 14 °CS BQ ¥, SLTHENS o] Bt} & 28°CE I &9]7} 3 %, 6 %= el
o}, =3 X4959) 29 MATRA-LMRS 5 %, SLTHENS 8 %2 B, F 7 9-oA EF MATRA-
LMRo| SLTHENO| ]3] A@gtel] 23 AN2RE AUt

520 A
500 -
Q 480 -
o ] ./‘
5 )
© 460
(0]
g. J
K 440 4 | —m— MATRA-LMR(X494)
- 1 | —e—THI3D(X494)
= 4204 A Single(X494)
O 1l | —o— MATRA-LMR(X495)
400 1 | —o— THI3D(X495) N
| A Single(X495)
380 T v T T T T T Y T T T d T
1 2 3 4 5 6 7

Assembly No.

a9 27. AEA HF £FL:

IF 272 X494 L X495 7-AFA, F Fo dis] JFAE B EFREE Yoy, ©
g ad AgAA =9 vrstd ARG SAG Ao 93 L=Fo]E Yeld Ao, o
A2 MATRA-LMR % THI3D AArZds 4A3H, @d J&Ate] vy z F3 33 9e
Z38d FF|o oA & zolE YeElA] ZE A 2ZEREE HxW 2RE BAFT Q)
ok ok X4949] 6 A F¢ ¥ K37 £ AFAY FEAY 20 %=E @Y AY
Aok vug w o2 AFAl vs) AFAT SAG 3ol AT FFe] A YerEch
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3.5. KALIMER 7-3 &)

s
¥ 4. KALIMER Z2]:x4] (D48H120) g AA A=
Core thermal output (MWth) 1392.2
Core electric power (MWe) 150.0
Core inlet / outlet temperature (C) 386.2/530.0
Total flow rate (kg/s) 2143
Active core height (cm) 120
Core diameter (cm) 344.3
Pins per assembly (Fuel/Radial blanket) 2717127
Total axial height (mm) 3970.7
Rod outer diameter (mm) 7.45/12.08
Rod pitch (mm) 8.95/13.07
Wire wrap diameter (mm) 1.41/0.96
Wire wrap lead (mm) 206.2/301.9
Cladding thickness (mm) 0.55/0.54
Duct wall thickness (mm) 3.72
Duct flat-to-flat distance(mm) 1504
Number of axial nodes 397
Radial power-distribution uniform

A71E7F 150 MWe (823 392 MWth)9 pool-type 2F J2122 KALIMER (Korea Advanced
Liquid Metal Reacto)® @A 71'd dAFoltt. 1 @4 d77]|F 5o, KALIMERE U-x4 (U-
10%zr)o] A= o] ojo thdt elFA XA L HAEADA dig 37t IAFHJAT (Park, 1998).
A 2 GANME olF Pu-H (U-Pu-Zno 2 A#stA, FAEHE e H#E x4o] AdH Y
A oo g d A APFolth. K 4% o] FAEA =AM dig 7R A HARNEE
Ve Aol

1% 282 KALIMER % AEA /6 x4 YEd Aoz B AXdMe HAFA 449 o
F A gt F FRPsR e, 2HAA ixOl dhve dds A (DRO302)E
Aoz & 7-AFA|, \:}t shue e 5370 (RBO602)E FTHo 23 7-AdAeg. oy
BAL FH AFAd & FA AFAMe EEXE A4 AFAN AGL A =44

2E AFA dA=2 AP, 3 JAFAE THOE AHA A& o) FE 6719 FH I
Ao & F4 APFA v AE JFANL WG FFo] dFES
ollM AdA dsiXE FFgo) A gue MRS B AL Fd3At (Chen, 1975). I

2 295 5 A9 A Z AFA pin 57, EF ] K2, F HE, 248, 4 §FS Jeid
740; E3) &8 F3F0E vudl BYE, F AL ZF T4 2 FH JAFA LY Alo)d E A
ol7} Y Aoz dehy A AiddME dd JA AdATe AFAL LS 1T A
XA} Atolo] & zlol7}t glE Ao B T

ot
mm

_4

bY|

m\x‘,rﬂO{)l
2
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2.1) -~ Assembly Location

8 P Assembly Type
4 -~ Flow Group
2.02 -+ Assembly Power

2% 28. KALIMER ZAE54 1/6 =4 (D48H120)

271 pins 127 pins 271 pins 127 pins
0.1872 0.1640 0.1930 0.1688
2 3 2 3
7.45 MWth 2.05 MWth 5.21 MwWth 0.81 MWth
39.80 kg/fs 12.50 kg/s 27.00 kg/s 4.80 kg/fs

127 pins 271 ping 127 pins 271 pins 127 pins 127 pins
0.1663 0.1869 0.1640 0.1859 0.1655 Q.1655
7 1 4 7 1 4
2.02 Mwth 7.44 MWth 2.05 MWth 6.45 MWth 1.44 MWth 0.48 MWth
12.15 kg/s 39.80 ka/s 12.50 kg/s 34.70 kg/s 8.70 kg/s 2.90 kg/s

271 pins 271 pins

127 pins 127 pins

0.1663 0.1872 0.1646 0.1679
6 5 : Heat 6 5 : Heat
2.02 Mwth 7.45 MWth | ™ conduction 5.71 MWth 0.89 Mwth Conduction
12.15 kg/s 39,80 ka/s 34.70 ka/s 5.30 kg/s

DRO302 7-Assy. RBO602 7-Assy.

2% 29, KALIMER ATA AAEA

s}
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1% 31. KALIMER 127-pin 74 %=
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29 303 312 KALIMER 271-pin ¥d8 2 127-pin ¥+7393 B3 A i MATRA-
LMR ZE9 pin & #+2 Yo 93 74L Jehd Zo|th. 53], MATRA-LMROA| A 3| B4
2 U2 FEIA g3 /A Be2d TIAA JERRACH

AAEA

29 32F KALIMER 1/6 Ao tis] SLTHEN AAZ3E Uvehd Aoz JFAL 49 o
go] gle 499 Jde A5l s vxg Aol MATRA-LMRI+= €& ENERGY 22 E A}
£3tE SLTHENS I AlXA e oA BdAd oz F2 o] A1E4HB2 AiA o] E471 §
Aot 1/6 =4 AAE A ALdetch. 27X US (Ultimate Shutdown), CR (Control Rod), GM
(Gas expansion Modules), ¥ RF (Reflector) &A= @AM e n&H3A Fol £ ALtodAx o]
o dEMe €8 2 7%l e JHZ Aol #3835t SLTHEN AitdA AFAT €
ago] ge 4%, 4 IFAE FAW 29 ¢ {% & LEEIX o] AlitHo] M= )
=89 e g Jehdin ok sHARE 2 Dol agolA FJEA Alolo] dmgoe] QL A¢
%ol ¥1F X PEA Y Z+ A FF ol IAFAY HIFE Lol AR 2xEEE R
ag3e g wdld EEE B 4 Atk o] A9 & IAFA sMAAE Alele) A Hu
9 °CE Holx t}. ALAdAE AdFHRC] o719 A& ivolete HAFAH o) Ho
84 2= @ ZF IJFA 9 HFE FTLES0] AAAGR FHd A EYo| e FFEXE
HA8 A3 A2z AFA Atole &d #3Fu] Zol QlojA & Ao)lF Holx ¥: Qe
o, o]2¢ls) FFA FAG F FFL AA P& Aoz Yeikth ot AAAESL ofd
HEgeol e 2 ggeo] AFo) vs] 433 & Aoz A

3% 332 DR0302 7-F A FSoA T4 AFAA DRO302Y 42 EFLEE Ui A
oltk. B IFA ET2Ed A ©d R o JFFAY ALZIAE MATRA-LMRoO| U
SLTHEN R 544 °C, 543 °CE @Y I A9 FFL2=7t 1 °Cc A Yepdth. JFAN Ro¢=
Alole] 2= EX glojA T R o JFA Aole UF EFZdAe Aozt fxm ot
g FE2dA 5 2= 2R 8 23 JERth. 9d 2 o JFA Aol 2xE X
g B Loll, 5 2= AlLrA e FdigholA 9 Zo] F, SLTHEN #H4HZE 37} MATRA-LMRO
vla] otE RN 3, 7bERlE EFRdME B dEFds RS F 2z JEFH 2
ztolol A Vel RoZ |TET (Kim, 1998).

DR0302 7-A%A) B¢ g2 RB0602 7-JEH B T FFAQU RBO6027F =¥
JEA2RE & 2ol BF2E7F MATRA-LMRE 1 °C, SLTHEN2 2 °C 4438ttt o=
F2 99 2 o JAFA AdARY Aot sMFAE] BeRoA X PFgo] Am UFE R
2ol I JFo] L Aoz Y. Y 345 o] RB0602 7-AFA Y ALARE B
AF5n dok. I 359 362 53] F FE+9 FA IFAQA DR03029F RBo602W 7HFaME] R4
29 2EFREE Yeid Aot F¥ JA Y Hats doXe xatold wa} 7h3 e R
29 X=XV 284 29 vgU doh 53 29 36904 FH A 297 7H Hg
Hrzo 2yt 9 JEA AdA T vid] 4 Jehted ol olE 3 AdAY Z
A #5071 T4 AFAY A vE 843 37 QEth

-35-



Without Inter—subassembly
heat transfer (SLTHEN)

With Inter—-subassembly
heat transfer (SLTHEN)

a9 32. MR B2 2EREY 9 Ho 22
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Outlet Temperature (C)

Outlet Temperature (C)

580

570 -
560 -
550 -
540 ..
530 -
520 —

510

MATRA-LMR(S) :Tavg=5440 .
MATRA-LMR(M): T,,=543.3 =

o SLTHEN(S): T, =544.3
" SLTHEN(M):T,,=543.7

avg

—o— MATRA-LMR(single)
—a— MATRA-LMR(multi)
—0— SLTHEN(single)
—@— SLTHEN(multi)

500

580

3 ! 1 h ¥ v 1 " 1 * I 4 I v 1
536 478377288146 52 6 3 37 119 249 332 427 509
Subchannel No.

19 33. KALIMERDRO0302 AH &7L%=

570 -
560 —
550 -
540 —
530 -
520 _

510 -

§ MATRA-LMR(S): T, =526.6

SLTHEN(S) : T,,=526.6

MATRA-LMR(M) : T, =527.7 SLTHEN(M): T, =528.5

—a-- MATRA-LMR(single)
—m— MATRA-LMR(multi)
—o0— SLTHEN(single)
—&— SLTHEN(multi)

500

1 M 1 4 1 v ¥ M 1 T 1 ‘! I v 1
250212146 93 52 23 6 3 14 37 72 119179232
Subchannel No.

1Y 34. KALIMERRB0602 IAEA EF2=
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Qutlet Temperature (C)

Outlet Temperature (C)

540

’S‘ingie;:"rj,v'g#isli“‘i;d | : —0o— matra-imr(single)
Multi- : T,,=643.3 —a— matra-Imr(multi)
536 -] L
J .
532 M on_TC E’l:l:‘:,':":’ﬂ:ﬂ':'Ej:’m‘:'ﬁ!c-:;m
528 -]
524 - s i z ;
@ - @ @ e 2’ O
520 L . ' . T : T — r T
487 488 -> <- 539 540
Subchannel No.
Y 35. DRO302 AFA 7HAAe] F42 232k
520
Single : T,,,=526.6 —0— matra-Imr(single)
Multi : T, =527.7 —u— matra-Imr(muiti)
516 - -
-*.\. /f o S
’ \
512 & :-‘l'x ]
o ckt\j MJ% f %iif l:’H:\:u:\}:(a E\j‘n.c,
508 |
504 - : s z
@ : @ @ 1 & e M
500 -1 T T T T T L v
217218 -> < 251 252

Subchannel No.

3% 36. RB0602 AEA 713AE EF2 E72%
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Outlet Temperature (C)

Outlet Temperature (C)

560

—a— MATRA-LMR
A —O0— SLTHEN
—A—THI3D
5507"' + Single
J A/A
=
540
530
2
520 r — T + T - T T 7
1 2 3 4 5 6 7
Assembly No.
29 37. DRO3027-F&A B &7
560
—a— MATRA-LMR
T —0— SLTHEN
—A—THI3D
550 - .
+ Single
y A
540 -
530
520 T T T T T T T ’ T v T T T
1 2 3 4 5 6 7

Assembly No.

1Y 38. RBO6027-F A A ET7%
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a9 377 332 Z APAY HFE EFLEE Jeld Aojt.  97)dl= MATRA-LMR,
SLTHEN, THI3D, € @ IA ANZAFAE 37 vxsigct. AAde=z A z= ANz s}
g A% Holx JoH, dd IFAG BuAA T & o] HolA ¥m: Utk olE 9
M= AFHRol, KALIMER AAHojel7t B3RS nejstn du, & AAX J2A 5
Aew 2 (YA BF 2T ATVNE Fol AW APAD HARNES FYPFo=H 3
A Atolo] & Zxzpol7F FASHA Fk7] WFolth. ©yt Bz ey HAsA) 2 4%
FHj7} o] FoiAE Aol IJAAL AL AT JFAYW SEEFo HRA e dfo]
o},

oX,
e
¥
39
o
L

g WZAAZ ALHTL A AAIEZANE o] 259 & AR Aste e
A 432 Aol AFAN LEEX HAPe FPL wA =8, oL@ AYAY
2 A%dE o As.

Hir

A 9d JFFAN 222X R FFEE Ado] 75 MATRA-LMR 2=9 HEAG 944
g 299 2yE F718o AAxA o] JHetES AAdsigd. old HEYS 53l o] %
& AEActe dug G 2RYA AFA Alole] £FE I FFol vlg Hol AAs Agm
7433t e dadd dxder HIste HERA A AT Aoz A

g A AN E AR 47 BolA AN Bol 22K GFo ANAZE
wsly] skl ogn 2e S =S AAxA S4A ARA Fol BAL BY
QA ANzAT TP Zelr} HHES B2 ARAS 1 F1 UoiAdE 25 29 3
$AZ Agse] 1 2Ae wadt AT S, rod ol Al T HAE 7719 rodst 12
Mol Baze wasisiel Aeat,

oj¢} Zo] £3 T HP MATRA-LMR ZE=E o2 7.3 2oo st AL 53
3¢x:, 7 A3E SLTHEN % THI3D ZE¢} v]R 43¢t MATRA-LMRE 99 A% =
AdAM azlm AFAL FADS 1 2A0A AN A 28 JLA} e B$ ols
o] gddo] st 53 /RAE] ¥F2e 2EEEY 4TS FUL, AANozE Fu Y
Aokl duge] o3 HF AFPA 2=t Wate @4o] el SLTHEN 3:E AAb4d 3},
T FJeAete) E@do] MATRA-LMRe H3 ®o] 2AdE Aoz Yelkdg.  zeh,
KALIMER A7 HoletE AMS-3 AdA oA E @ DR o AFA Alolo] & Aol7} gt o]
T dA9 EA dolert BASeTE e gholr]l "o YeludEs Azlo)Agt Bxr] Abe
M dAe Ard o Az AFAL EAD dFo] Yehd Aoz Ao,

B Ak AFEE 4719 29 F, XX08 7- A, EBR-1I 7-3 A, TED 7-A &4, KALIMER 7-&
G =¥ AY dolelst FAE AejdA wlxvia =l ot AAAT} vlmTko] o] Fojz], 2
FHoln AT B Agstx] Ragot. wEtM, FF MATRA-LMR Z=9] AL 13
7] YJaiAE 71& Aguolee FFolY A AP 23 vlojg] AAlo] wt=i] H g5l
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5 1. XxX087-F&A 94854

1) XXO08 7 Assembly Problem Input deck ( Ass. No. 1 - Double Ducted )

Number of fuel pins 61
Axial height A 24 in
Fuel pin pitch 0.223 in
Wire wrap lead 6.in
Duct inside flat-to-flat distance 1.83 in (2.21 in), g=0.0555 (in.)
Duct wall thickness 0.04 in
Thimble gap (between hex walls) 0.15 in.
Fuel pin diameter 0.174 in
Wire wrap diameter 0.049 in
Cladding thickness 0.012 in
Wire wrap zero reference angle ) 105°

(start of fuel, Z=0.5 in.)

Number of axial meshes 12

Axial power profile normalized

Heat transfer correlation Lyon-Martinelli
Flow split model Novendstern

Ass. Nominal flow rate 6409.2 Ibm/hr
Heat flux per pin 0.0676 Mbtu/hr-ft2
Ass. Power 0.37568 Mbtuw/hr
Ass. coolant inlet temp. 664 F

Ass. outlet pressure 20 psia

Number of axial height for power input (22)

.0000, .0200, .0210, .0420, .0830, .1250, .1670, .2080, .2500, .2920,

.3330, .3750, .4170, .4580, .5000, .5420, .5830, .5840, .6670, .7500,

.8330, 1.000
Axial power multiplier (22)

0.017, 0.020, 1.240, 1.240, 1.706, 1.784, 1.853, 1.909, 1.931, 1.939,

1.920, 1.877, 1.810, 1.713, 1.610, 1.508, 1.414, 0.020, 0.010, 0.006,

0.004, 0.001
Radial pin power multiplier (61)
1.04, 1.06, 1.05, 1.04, 1.03, 1.04, 1.04, 1.06, 1.06, 1.05, 1.04, 1.03, 1.03, 1.02, 1.03, 1.03, 1.04, 1.05, 1.06, 1.08
1.08, 1.07, 1.06, 1.05, 1.03, 1.02, 1.02, 1.02, 1.01, 1.02, 1.02, 1.02, 1.04, 1.04, 1.05, 1.06, 1.07, 1.09, 1.09, 1.08
1.07, 1.06, 1.05, 1.04, 1.02, 1.02, 1.01, 1.01, 1.01, 1.01, 1.01, 1.01, 1.01, 1.01, 1.02, 1.03, 1.04, .010, .010, 1.07
1.08
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2) XX08 7 Assembly Problem Input deck ( Ass. No.2)

Number of fuel pins 7

Axial height 24 in
Fuel pin pitch 0.791 in
Wire wrap lead 6. in
Duct inside flat-to-flat distance 221in
Duct wall thickness 0.04 in
Thimble gap (between hex walls) 0.15 in.
Fuel pin diameter 0.742 in
Wire wrap diameter 0.049 in
Cladding thickness 0.012in
Wire wrap zero reference angle 105°

(start of fuel, Z=0.5 in.)

Number of axial meshes 12

Axial power profile normalized

Heat transfer correlation Lyon-Martinelli
Flow split model Novendstern

Ass. Nominal flow rate 1536 Ibm/hr

Heat flux per pin 0.006900 Mbtw/hr-ft2
Ass. Power 0.018767 Mbtwhr
Ass. coolant inlet temp. 664 F

Ass. outlet pressure 20 psia

Number of axial height for power input (22)
.0000, .0200, .0210, .0420, .0830, .1250, .1670, .2080, .2500, .2920,
.3330, .3750, .4170, .4580, .5000, .5420, .5830, .5840, .6670, .7500,
.8330, 1.000

Axial power multiplier (22)
0.835, 0.992, 0.993, 1.150, 1.354, 1.499, 1.590, 1.653, 1.681, 1.698,
1.690, 1.673, 1.622, 1.555, 1.426, 1.273, 0.992, 0.992, 0.508, 0.293,
0.189, 0.068

Radial pin power multiplier (7)

1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00
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3) XX08 7 Assembly Problem Input deck ( Ass. No.3,4,5,6,7)

Number of fuel pins

Axial height

Fuel pin pitch

Wire wrap lead

Duct inside flat-to-flat distance

Duct wall thickness

Thimble gap (between hex walls)

Fuel pin diameter

Wire wrap diameter

Cladding thickness

Wire wrap zero reference angle
(start of fuel, Z=0.5 in.)

Number of axial meshes

Axial power profile

Heat transfer correlation

Flow split model

Ass. Nominal flow rate (Ilbm/hr)
Heat flux per pin (Mbtu/hr-ft2)
Ass. Power (Mbtu/hr)

Ass, coolant inlet temp.

Ass. outlet pressure

Number of axial height for power input (22)

24 in
0.791 in
6. in
221
0.04 in
0.15 in.
0.742 in
0.049 in
0.012 in
105°

12

normalized

Lyon-Martinelli

Novendstern

7136/ 8059/ 8059/ 2260/ 4574
0.13224/0.20011/ 0.21153/ 0.066997/ 0.13701
0.35964/ 0.54424/ 0.57529/ 0.18221/ 0.37261
664 F

20 psia

.0000, .0200, .0210, .0420, .0830, .1250, .1670, .2080, .2500, .2920,
.3330, .3750, .4170, .4580, .5000, .5420, .5830, .5840, .6670, .7500,

.8330, 1.000
Axial power multiplier (22)

0.017, 0.020, 1.240, 1.240, 1.706, 1.784, 1.853, 1.909, 1.931, 1.939,
1.920, 1.877, 1.810, 1.713, 1.610, 1.508, 1.414, 0.020, 0.010, 0.006,

0.004, 0.001
Radial pin power multiplier (7)

1.00, 1.00, 1.00, 1.00, 1.00, 1.00, 1.00
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4) XX08 7-AFA AL 1% MATRA-LMR fA 8 (@9 FTA)

.3330
.8330
0.017
1.920

.8

(¥ - R . N Y R

0 1 0
(XX08 7 Subassembly Problem)
0 0 0
0 0 0
0.0
0.0
.0210 .0420 .0830
.4170 .4580 .5000
1.240 1.240 1.706
1.810 1.713 1.610
144 24
.27133 L2133 2
.2733 227133 3
2733 .2733 4
2733 .2733 s
27133 .2733 6
.2733 .27133 23
.2733 .2733 8
2733 .2733 9
2733 .2733 10
.2733 .27133 11
.2733 .2733 12
.2733 .2133 13
.27133 .2733 14
.2733 .27133 15
2733 2733 16
.27133 2733 17
27133 .2733 18
.2733 2733 19
.27133 2733 20
.27133 .2733 21
.27133 .2733 22
.27133 2733 23
27133 2733 24
2733 .2733 53
.2733 .2733 26
.27133 .2733 27
.2733 .2733 28
.27133 2733 29
L2733 2733 30
27133 .2733 31
.2733 2733 32
.2733 .2733 33
2733 2733 34
.27133 .2733 35
.2733 2733 36
.2733 .2733 37
.27133 .2733 8
.2733 .2733 39
.27133 .2733 40
L2733 .2733 41
.2733 2733 42
.2733 2733 43
.2733 .2733 44
2733 2733 45
2733 2733 46
.27133 .2733 47
.2733 2733 48
.2733 2733 49
.2733 .2733 50
.2733 .2733 51

.1250
.5420

1,784
1.508

0450
.0490
.0490
.0490
.0490
.0490
.0490
0490
.0490
.0490
.0490
0490
-0490
.0490
.0490
.04%0
.0490
.0490
.04%0
0490
.0490
-04%0
-04%0
.0490
.0490
.0490
.0490
.0490
.0490
.0490
.0490
L0450
.0490
.0490
.0490
0490
.0490
0490
.0490
.0490
.0490
.0490
.0490
.0490
.0490
.0490
0490
.0490
0490
.0490

.1670
.5830

1.853
1.414

.1287
1287
1287
.1287
1287
. 1287
1287
.1287
. 1287
. 1287
. 1287
.1287
. 1287
.1287
.1287
.1287
1287
.1287
.1287
.1287
.1287
1287
.1287
.1287
. 1287
. 1287
1287
L1287
1287
. 1287
. 1287
.1287
.1287
.1287
.1287
.1287
1287
.1287
.1287
.1287
.1287
.1287
.1287
1287
.1287
L1287
1287
.1287
.1287
1287

.2080
.5840

1.909
0.020

31

33
36

38
41

43
46

43

54

58

63
65

67
70

473

b7
7

79

81

86

91
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.2500
.6670

1.931

0.010

0450
.0490
.0490
.0490
.0490
.0490

.0490
.0490

.0490
.0490

.0490
.0490

.0490
.0490

.0490

.0490

.0490

.0490

.0490
.0490

.0490

.0490
.0490

.0490

.0490
.0490

.0490

.0490
.0490

.0490

" .04%0

.0490

.2920
.7500

1.939

0.006

1287
1287
.1287
-1287
1287
.1287

1287
.1287

.1287
.1287

1287
.1287

.1287
.1287

.1287

.1287

.1287

1287

.1287
1287

.1287

.1287
.1287

.1287

.1287
.1287

.1287

1287
.1287

. 1287

1287
. 1287

26

56

.04%0

0490

.0490

-1287

.1287

-1287



.0199
.0199
.0232
.0232
.0199
.0199
.0232
.0232
.0199
.0199
10232
.0232

.0199
.0199
.0232
.0232
0199
.0199

.0232

27133
27133
27133
2133
.2133
.2733
2133
.2733
.27133
2133
.2733
.2733
2133
2733
.2733
27133
27133
2733
2133
2133
2733
2733
.21733
27133
2133
2133
2133
2133
.27133
2733
2733
.2733
2733
.2133
.2733
2133
2133
2133
2133
2133
2133
2133
2133
2133
2733
2733
.6165
.4963
.4963
.6165
.6165
.4963
.4963
.6165
.6165
.4963
.4963
.6165
.6165
.4963
.4963
.6165
.6165
.4963
.4963
.6165
.6165

.2133
.2133
.2733
.2733
.2133
.2133
2733
.2733
.2733
.2133
.2733
.2733
.2733
2733
2133
.2733
.2733
.2733
-27133
.2733
.2733
2733
.2733
.2733
2733
2133
2733
2733
.2733
L2733
2733
.2133
.27133
.2733
.2733
L2133
.2733
L2733
.2733
.2733
.27133
.2733
.2733
.2733
.2733
.2733
.3189
.2733
.2733
.3189
.3189
.2733
-2733
-3189
.3189
.2733
.2733
.3189
3189
L2733
.2733
.3189
.3189
.27133
-2733
.3189
.3189

.04%0
-04%0
.0490

-04%0
.04%0
.0490

0490
0490
.0490
.0490
.0490
0450
0490
.0490
0450
-0450
.0490
-04%0
.0490
-04%0
0490
.0490
0490
.0490
.0490
.0490
0490
0450
.0490
-0450
.0490
.0490
0450
-0490
-0490
.0490
.0490
-0490
0490
.04%0
.0490
0490
.0490
-04%0
.0490
-04950
0555
0555
-0555
0555
0555
0555
0555
-0555
0555
-0555
0555
0555
.0555
0555
.0555
.0555
0555
0555
.0555
.0555
0555

1287
1287
.1287
.1287
.1287
. 1287
1287
.1287
.1287
.1287
.1287
.1287
1287
.1287
.1287
-1287
.1287
1287
-1287
1287
.1287
.1287
.1287
.1287
.1287
.1287
1287
1287
. 1287
1287
L1287
.1287
. 1287
. 1287
.1287
1287
. 1287
. 1287
1287
.1287
. 1287
1287
1287
L1287
L1287
.1356
.2230
.2230
L2230
.3432
2230
.2230
.2230
.3432
.2230
.2230
.2230
.3432
.2230
,2230
.2230
3432
.2230
.2230
.2230
.3432
.2230

93

96
98

99

110
111

112
13

114
15

116
117

118

119

120
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.0490

0490

0490

04950

.0490
0490

.0490

.0490

0450
0450

.0490

.0490

.0490
.0490

.0490

.0490

.0490
.0490

.0490

.0490

.0490
.0490

.0490

.0490

.0555

. 1287

.1287

.1356

L1356

.1356
.1356

.1356

.1356

.1356
.1356

.1356

.1356

1356
.1356

1356

. 1356

1356
.1356

.1356

1356

.1356
. 1356

1356

L1356

.3432

97

.0490

1356



118
119
120
121

123
124
125
126
127
128
129

131
132
133
134
135

137
138
139
140
141
142
143
144

V0 AW N -

=3

12

® 9 U AW = O

LA W - O v

.0199
0199
.0232
.0447
L0334
.0334

.0447
.0334
.0334
.0447
.0447
.0334
.0334
.0447
.0447
.0334
.0334
.0447
0447
.0334
.0334
0447
.0447
.0334
.0334
.0447
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
.2240
L2240
.2240
.2240
.2240
2240
L2240
.2240

0.174
. 1667
. 1667
. 1667
1667
. 1667
1667
. 1667
. 1667
1667
L1667
. 1667
L1667
. 1667
1667

.4963
.4963
.6165
3966
4460
4460
.5966
.5966
4460
4460
-3966
.5966
4460
4460
5966
.5966
-4460
<4460
-3966
.5966
4460
4460
.5966
.5966
4460
4460
.5966

.2240
.2240

.2240
.2240
-3040
.3040
.2240
.2240
.3040
.3040
.2240
.2240

3040
.2240
.2240
.3040
-3040
.2240
.2240
.3040

-.709
-.375
-.042
-.542
~.875
-.375
-.709
-.209
-.542

~.042

-.375
-.209
-.709
-.315

.2733
.2733
.3189

119
120

.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
4620
-4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
4620
.4620
.4620
4620
.4620
.4620
.4620

0

0555
.0555

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

139
140
141
142
143
144

.2230
-2230

.4620
.4620
4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
.4620
4620
.4620
.4620
.4620
.4620
.4620
.4620
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.1667
.1667
. 1667
1667
.1667
. 1667
1667
1667
1667
1667
1667
1667
.1667
1667
.1667
1667
.1667
.1667
. 1667
.1667
.1667
. 1667
. 1667
1667
.1667
.1667
1667
.1667
.1667
.1667
1667
1667
1667
.1667
1667
.1667
1667
.1667
1667
.1667
.1667
.1667
1667
. 1667
1667
. 1667
.1667
.1667
.1667
.1667
1667
1667
.1667
.1667
1667
.1667
1667
.1667
.1667
.1667
.1667
.1667
.1667
1667
L1667
1667
. 1667

-.042
-.875

-.542
-.875
=709
-.542
-.875
~-.315
-.709
-.542
-.375
-.709
-.209
-.542
-.375
-.209
-.542
-.042
-.375
~-.209
~.042
-.375
-.875
-.209
-.042
-.209
~-.709
-.375
-.042
-.875
-.709
-.042
-.875
-.709
-.042
-.542
-.875
-.709
-.542
-.875
-. 709
-.542
-.875
-.315
-.709
-.542
-.375
~. 709
~.542
-.315
-.709
-.209
-.542
-.315
-.209
-.542
-.315
-.209
-.542
-.042
-.375

=315
-.209

.542
.315

.209
.542
.042

315

.209
.042
375
.875
.209
.042
875
.209
.09
.042
.875
.709
.042
542
.815
.109
.542
.875
W315
.709
.542
.709
.209
875
.542
315
.209
.542
375
.209
.542
.042
375
.209
.042
375
.209
.042
375
.875
.209
.042
.875
.209
.042
.815
.209
.09
.042
.875
.09
.042
.875
.709
.042
.542
.875
.09
.542
.815
.09
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145
146
147
148

.1667
.1667
.1667
.1667
16617
1667
16617
. 16617
. 16617
1667
1667
1667
1667
.1667
.1667
. 16617
.1667
1667
. 1667
1667
-1667
.1667
.1667
.1667
.1667
.1667
.1667
.16617
.1667
-1667
1667
1667
.1667
. 1667
1667
1667
.1667
16617
1667
1667
.1667
.1667
.1667
.1667
.1667
-1667
.1667
.1667
1667
1667
.1667
.1667
.1667
1667
.1667
.1667
.1667
.1667
.1667
1667
1667
16617
1667
.1667
. 1667
.1667
1667

-.042
-.315
-.875
-.209
-.042
-.875
~-.209
~.042
-.209
-.709
-.375
-.042
~.875
-.709
-.042
-.875
-.709
-.042
~.875
-.709
-.042
-.542
-.875
-.709
-.542
-.875
-.709
-.542
-.875
-.709
-.542
-.875
-.3715
-.709
-.542
-.375
-.709
-.542
~.375
~.709
-.542
~.375
-.709
-.209
~.542
-.375
-.209
-.542
-.375
-.209
-.542
-.375
-.209
-.542
-.042
-.375
-.209
-.042
-.375
-.209
-.042
-.375
-.209
-.042
-.375
-.875
-.209

.542
.875
.375
109
.542
375
.09
.542
109
.209
.875
.542
375
.209
.542
375
.209
.542
375
209
.542
.042
.375
.209
.042
.375
.209
.042
.375
.209
.042
375
.875
.209
.042
.875
.209
.042
.875
209
.042
.875
.209
-709
042
.875
. 709
.042
.875
.09
.042
-875
.09
.042
.542
875
.09
.542
.875
. 709
.542
.875
.09
.542
.815
375
709
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-1740
1740
.1740
L1740
.1740
L1740
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~.875

209
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-.875
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.815
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O O = O = 0 0 0 0 O 0 0 0 O

. 1667
1667
.1667
.1667
. 1667
.1667
L1667
.1667
.1667
L1667
.1667
.1667
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.1667
L1667
.1667
.1667
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L1667
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. 1667
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L1667
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. 1667
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.1667
.1667
1667
. 1667

-1667
-1667
. 1667
1667
1667
1667
.1667
.1667
. 1667
.1667
.1667
.1667
.1667
.1667
1667
.1667
. 1667
.1667
.1667

1667
. 1667
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L1667
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. 1667
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20
21

2

2

24

25

26

27

28

29

30

3

E?)

3

L))

35

3

»

38

39

2

4

)

43

44

45

46

@

"

49

50

s1

52

53

54

s5

56

57

58

59

60

61

9

24.

24

10

0.0
0.5

1

20.
0059220
.0059220
0059220
0059220
.0059220
0059220
0059220
0039220
0059220
0059220
.0151180
.0129630
0045009
0033660
0045030
12

.1740
1740
.1740
.1740
.1740
.1740
1740
.1740
1740
1740
1740
.1740
-1740
.1740
.1740
.1740
.1740
.1740
-1740
1740
.1740
.1740
.1740
.1740
.1740
.1740
.1740
.1740
.1740
-1740
.1740
.1740
L1740
.1740
.1740
. 1740
1740
1740
.1740
.1740
.1740
L1740

i
664.

.0059220
0059220
.0059220
.0059220
.0059220
0059220
0059220
.0059220
.0059220
.0059220
.0129680
0151180
0033681
.0045030
0033660

1

1.080
1.080
1.070
1.060
1.050
1.030
1.020
1.020
1,020
1.010
1.020
1.020
1.020
1.040
1,040
1.050
1.060
1.070
1.090
1.090
1.030
1.070
1.060
1.050
1.040
1.020
1.020
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.020
1.030
1.040
.0100
.0100
1.070
1.080

200

2
.39236

.0059220
.0059220
.0059220
0059220
0059220
.0059220
.0059220
.0059220
.0059220
.0059220
.0129680
0151180
.0033681
.0045030
.0033660

0

1.E-S
200

0
.0676

0059220
.0059220
.0059220
.0059220
.0059220
.0059220
.0059220
.0059220
.0059220
.0059220
.0151180
0129680
0045009
. 0033660
0043030

0

1667
1667
.1667
. 1667
.1667
1667
1667
. 1667
1667
. 1667
. 1667

1667
1667
1667

1667
1667
L1667
-1667
.1667
.1667
.1667
.1667
.1667

. 1667
.1667
1667
-1667
.1667
1667
.1667
.1667
-1667
.1667
.1667
.1667
.1667
.1667
.1667
1667

0.001

.0059220
.0059220
.0059220
.0059220
.0059220
.0059220
.0059220
. 0059220
. 0059220
.0059220
0151180
0129680
.0045009
.0033660

54
26
28

31
3

28884

43
45
46

50
51
53

56
58

62
63
65
67
69
70
T2
74

o 82888283 2F I3

0059220
0059220
0059220
0059220
0059220
0059220
0059220
0059220
0059220
0059220
0129680
015180
0033681
0045030

.1667
.1667
.1667
1667
1667
1667
.1667
. 1667
. 1667
. 1667
. 1667
1667
1667
1667
1667
1667
1667
L1667
. 1667
. 1667
. 1667
.1667
1667
1667
1667
1667
.1667
1667
.1667
1667
1667
-1667
1667

1667
.1667
1667
1667
.1667
1667
1667
1667

0059220
.0059220
0059220
0059220
0059220
0059220
0059220
0059220
.0039220
0151180
.0129680
0151180
.0033681
0045030

ss
27
29

32
34
67
37
39
74
42
44
81
47
49

S2
54
97
57
59
61

&828

112
85
87
89

116

94 -

0059220
0059220
0059220
.0059220
0059220
0059220
0059220
.0059220
0059220
0129680
0151180
0129680
0045009
0033660

-52-

.1667
1667
. 1667
. 1667
. 1667
. 1667
1667
. 1667
1667
1667
1667
1667
1667
1667

.1667
. 1667
. 1667
.3333
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6) XX087-J{A AE ¥ THI3D 4PAR (¢ AFA)

XX08 7-ASSEMBLY PROBLEM (SINGLE CASE)  SEPTEMBER 1, 1999
156 i 48 I 48 XN 0 3 1 61 6 0
0 2 i 3 0 2 1 20 1 0 2 1
0 0 1 1 49 0 0 0 0 1 1 1
0 0 0 0 0 0 0
0.223 0.0 0.0065 6.0 0.049 10,1425 6.76E4 1.23
0.02 85.813 0.97 1.03 1.0 0.0 0.0 2.0
0.028 0.0 0.0 0.0 0.0 0.01 0.01 0.01
0.028 0.028 0.028 0.0 0.0 0.0 0.0 0.0
0.04 0.15 1.69E3 1.69E3  0.3325 8.3354E4 0.0
333353333533335333353333533335111111
ttrrrrrrtdttrritrritbbrtrrttrrrrrgt
ttrrrrrrtrirtrtrrrtrtrrrrirrtrrtrtrrrrnt
1111111111 111111117777677776717776777
767777611116
0 0 0 0 0 g 0 0 0 0 0 0

0 0 0

0.5 0.162 0.162 0.174 6.2930E5 0.0 1123.7 1.0
0.0 0.0 0.0 1.36092 1000.0 1.0 0.0

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

1 234561234561 234561 23456
1 234561234561 2345261 2345@¢6

180 240 300 0 330 90
180 240 300 0 0 120
180 240 300 0 30 150

0 120 180 240 300
1 90 150 240 300 0 60 180
2 60 150 240 300 0 90 210
3 60 150 210 300 0 120 240
4 60 120 210 300 0 150 270
5 60 120 210 270 0 180 300
6 60 120 180 270 0 210 330
7 120 180 270330 0240 0O
8 120 180 240 330 0 270 30
9 120 180 240 330 0 300 60
20
90
90
13 60 120 180 240 300 1
1 29 36 1 31 12 0
2 3t 1233 32 0
3 33 2 3 35 34 0
4 33 3 4 371 36 0
5 37 4 5 6 38 0
6 39 38 6 7 40 0
7 41 40 7 8 42 0
8 43 42 8 9 44 0
9 45 4 9 10 11 0
10 47 46 45 11 12 0
11 49 48 47 12 13 0
12 51 50 49 13 14 0
13 52 51 14 15 16 0
14 54 53 52 16 17 0
15 56 355 54 17 18 0
16 58 57 36 18 19 0
17 21 59 38 19 20 0
18 22 61 60 59 21 0
19 10 23 63 62 61 22 0
20 10 24 65 64 63 23 0
20 i1 25 26 66 65 29 0
22 12 26 27 68 61 66 O
23 12 27 28 70 69 68 0
24 12 28 29 2 1 10 0
25 13 1 72 31 32 73 102
26 13 13 32 33 34 75 M
27 13 75 34 35 36 17 76
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29 13

31 13
32 13
33 13
34 13
35 13

37 13

39 13
40 13
41 13
42 13
43 13
44 13
45 13
46 13
47 13

49 13

St 13
52 13
53 13
54 13
55 13

ST 13
58 13
39 13

61 13

36 37

23223 R8EEEREE
o0
-]

110 109
112 i1}
114 113

112 89 90
114 91 92
116 115 94
118 117 96

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 0.0 0.0 0.0 0.0
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7)) XX087-F A AAE A% THI3D YEAR (o AFA)

XX08 7-ASSEMBLY PROBLEM (MULTL CASE)  SEPTEMBER 22, 1999
5 5 48 1 43 0 2 1 7 1 0

0
0 2 1 0 0 2 1 20 1 0 2 i
-1 [ 0 0 0 0 0 [ 0 1 1 1
0 ] ] 0 0 0 0
2.21 0.3 0.4709 0.0 0.0 1.426  2.6E5 1.23

0.02 85.813 0.97 1.03 1.0 0.0 0.0 2.0
0.028 0.0 0.0 0.0 0.0 2.01 0.01 0.01
0.028 0.028 0,028 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

00000

01100

o1110

01100

00000

(=]
o
o

1.91 1.91 1.91 -5.734E5 0.0 1123.7 1.0
0.0 0.0 1.36092 1000.0 1.0 0.0

0.0 0.0 0.0 0.0

1.91 1.91 0.0 0.0

1.91 1.91 1.91 0.0

1.91 1.9t 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0 0O 0 00 0 00 00 oW

1.9 1.91 0.0 0.0

1.91 1.91 1.91 0.0

1.91 1.91 0.0 0.0

0.0 0.0 0.0 0.0

.0 0.0 0.6 0.0 0.0

0.0 1.91 1.91 0.0 0.0

0.0 1.91 1.91 1.91 0.0

0.0 1.91 1.91 0.0 0.0

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 1.62094E5  7.53060E5 0.0 0.0
0.0 4.82693E5 6.76361E5  8.50464E5 0.0
0.0 2.38497E5  8.50464E5 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

0.0 0.0722 1.3832 0.0 0.0
0.0 1.4331 1.4450 2.0932 0.0
0.0 0.7008 2.2127 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.015 0.0 0.0 0.0 0.0 0.0 0.0
1.E9 0.0 0.0 0.0 0.0 0.0 0.0

1.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 00 00 0.0 00 0.0 0.0
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1) EBR-I 7-Z A A4S 913 MATRA-LMR {82 (8¢9 A#A)
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3) EBR-I7-J A A4-& 18 THID YHAE (&2 A

EBR-11 7-ASSEMBLY PROBLEM (SINGLE CASE)  SEPTEMBER 30, 1999
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4) EBRI7-JEA A& $18 THID YHAE (v AFA)

EBR-11 7-ASSEMBLY PROBLEN (MULTI CASE) SEPTEMBER 30, 1999
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3) TED7-A{A A& 9% THIBD ¥EHAE (F AFA)

TED (X494) 7-ASSEMBLY PROBLEM (MULTI CASE) OCTOBER 26, 1999
5 5 138 1138 0 0 2 1 7 | 1]

0 2 1 ] 0 2 1 20 1 0 2 1
-1 0 0 0 0 0 0 0 ] 1 1 H
0 [} 0 0 0 0 0

2.29 0.3 0.477 0.0 0.0 1.472 8.001ES 1.23
0.02 85.813 0.97 1.03 1.0 0.0 0.0 0.5
0.02 0.0 0.0 0.0 0.0 2.01 0.01 0.01

0.02 0.02 0.02 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

00000

01100

01110

01100

00000
0 1 1 i 1 0 0 1 0 0 0 0
0 0 0
0.4 1.99 1.99 1.99-3.4910E6 0.0 1159.5 1.0
0.0 0.0 0.0 1.0 1000.0 1.0 0.0

0.0 0.0 0.0 0.0 0.0

0.0 1.99 1.99 0.0 0.0
0.0 1.99 1.99 1.99 0.0
0.0 1.99 1.99 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0

0.0 0.0 0.0 0.0 0.0

0.0 1.9 1.99 0.0 0.0

0.0 1.99 1.9 1.99 0.0

0.0 1.99 1.99 0.0 0.0

0.0 0.0 0.0 0.0 0.0
Q.0 0.0 0.0 0.0 0.0
0.0 3.94570E6  3.34120E6 0.0 0.0
0.0 5.04400E6 3.94860E6 3.62010E6 0.0
0.0 5.90400E5  3.94830E6 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

0.0 1.22770 1.24290 0.0 0.0

0.0 1.30000 1.10810 0.75360 0.0
0.0 0.044166 1.32360 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.005 0.0 0.0 0.0 0.0 0.0 0.0
1.E9 0.0 0.0 0.0 0.0 0.0 0.0
0
1.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 00 00 0.0 0.0 00 0.0 0.0 0.0
0
0 0 0 3 [}

-100.



5 4. KALIMER7-F &4 48 EA

1) DRO0302 7-JA %A A4S $1¥ MATRA-LMR 48A&E (@9 JAA)

0.00000
0.12219
0.25082
0.37817
0.50510
0.63201
0.75698
0.88160
1.00000
0.00000
0.00413
0.01907
3.64852
3.44867
0.00422
0.00268
0.00105

o
:SquamawN-—ag

o © O O

-0.25
-1.

81
0.00643
0.13506
0.26368
0.39086
0.51779
0.64470
0.76944
0.89407

0.00015
0.00516
0.01836
3.79209
3.22982
0.00408
0.00249
0.00093

540
0200
0200
.0200
.0200
.0200
0200
.0200
.0200
0200
.0200
.0200
0200
0200
0200
.0200
.0200
.0200
0200
.0200
0200
0200
0200
.0200
0200
.0200
.0200
10200
.0200
.0200
.0200
.0200
0200
0200
10200
.0200

(D48H120 / 271 pin / DR 0302, 7.44 MWth, 39.80 kg/sec)

0 1 0
0 0 0
0 0 0

0.0

0.0
0.01929  0.03216 0.04502
0.14792  0.16078 0.17364
0.27654 0.28932  0.30201
0.40356 0.41625 0.42894
0.53049 0.54318 0.55587
0.65728 0.66974 0.68220
0.78190 0.79437 0.80683
0.90653 0.91899 0.93146
0.00036 0.00058 0.00084
0.00639 0.00782 0.00945
0.01563 2.07146  2.29435
3.90012 3.94016 3.97384
2.98195 2.79549  2.48695
0.00395 0.00379 0.00366
0.0023t  0.00213  0.00195
0.0008t  0.00070  0.00059
540 0 0
4607 .4607 2
-4607 .4607 3
.4607 .4607 4
L4607 .4607 5
-4607 .4607 6
4607 4607 23
-4607 4607 8
-4607 .4607 9
-4607 .4607 10
-4607 .4607 11
-4607 .4607 12
-4607 .4607 i3
-4607 .4607 14
4607 . 4607 15
4607 .4607 16
-4607 .4607 17
. 4607 .4607 18
-4607 .4607 19
.4607 .4607 20
-4607 .4607 21
-4607 4607 22
. 4607 .4607 23
.4607 4607 24
.4607 4607 33
.4607 .4607 26
.4607 .4607 27
. 4607 4607 28
. 4607 .4607 29
.4607 4607 30
.4607 -4607 31
4607 4607 32
4607 .4607 33
. 4607 .4607 34
L4607 .4607 35
.4607 4607 36

3
i

0.05788
0.18650
0.31471
0.44163
0.56856
0.69466
0.81929
0.94392

0.00115
0.01127
2.56883
3.97036
2.16155
0.00352
0.00178
0.00049

0
0591
0591
.0591
0591
.059t
.0591
.059¢
0591
0591
.0591
0591
0591
0591
.0591
0551
0591
0591
0591
0591
0591
0591
.0591
0591
0591
.0591
.0591
.0591
0591
0591
.0591
0591
0591
0591
0591
0591

2
0

0.07074
0.19937
0.32740
0.45433
0.58126
0.70713
0.83175
0.95638

0.00153
0.01321
2,84849
3.92956
1.83456
0.00337
0.00162
0.00039

0
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
-2035
-2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

0.08361
0.21223
0.34009
0.46702
0.59395
0.71959
0.84422
0.96884

0.00200
0,01518
3,11350
3.85209
1.53952
0.0032t

0.00147
0.00030

24

3t
33
36
41

43
46

48
51

54

58

67
10
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0.09647
0.22509
0.35278
0.47971
0.60664
0.73205
0.85668
0.98131

0.00257
0.01701
3.26484
3.78631
0.00398
0.00304
0.00132
0.00020

L0351
.0591
0591
L0391
.0391
055t

0591
0591

-0591
L0591

.0591
0391

-0591
.0591

L0591

.0591

.0591

.0591

.0591
0351

.0391

0391
0594

0.10933
0.23795
0.36548
0.49241
0.61933
0.74451
0.86914
0.99377

0.00328
0.01843
3.47169
3.63518
0.00420
0.00286
0.00118
0.0001 1

2035
.2035
.2035
.2035
.2035
.2035

.2035
.2035

.2035
.2035

.2035
.2035

.2035
.2035

.2035

.2035

.2035

.2035

2035
.2033

.2035

.2035
.2035

8

26

56

0591

L0591

.0591

.2035

.2035

.2035



31

39

41
42
43

45

47

49
50
51
52
53
54
55

57
58
59

61
62
63

65

67

69
70
n
72
3
74
5
16
R
8
79

81

82

83

85

87

89

91

93

94

95
96

8883

10t

.0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
0200
.0200
-0200

.0200
.0200
.0200
.0200
.0200
.0200
.0200
-0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
-0200
.0200
.0200
-0200
.0200
.0200
.0200
-0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
0200

.0591
.0591
-0591
.0591
.0591
.0591
.0591
.0591
.059!
.0591
0591
.0591
.0591
.0591
0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
.059)
.0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
0591
.0591
0591
0591
0591
0591
0391
.0391
.0591
.0591
.0591
-0591
.0591
.0591
.0591
0591
.0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
0591
.0591
.0591
.0591

.2035
.2035

.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
-2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
-2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

72

4
7

kL

8t

91

104
107

i

13
116

118

120

125°

127
129

131
134

140
143

145

147

150
154

156
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.059t

L0591
.0591

.0591

L0591
L0551

L0591

.0591
.0591

L0591
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.1667
1667
.1667
.1667
-1667
.1667
.1667
.3333
.1667
.1667
.1667
.1667
.1667
1667
.1667
1667
.3333
1667
1667
.1667
.1667
.1667
.1667
.1667
.1667

505

507

510
s1
512
514
514
515
516
517
518

519

520

523
523
524
525
526
527
528
529
530
532
532
533
534
535
536
537
538
539

.3333
.2500
.2500
2500
.2500
.2500
.2500
.2500

507

510
St
512
513

524
525
526
527
528
529
530
s31

533
534
535

537
538
539

0.5



2) DR0302 7-J A AAE 918 MATRA-LMR 3= (tF AFA)

0.00000
0.12219
0.25082
0.37817
0.50510
0.63201
0.75698
0.83160
1.00000
0.00000
0.00413
0.01907
3.64852
3.44867
0.00422
0.00268
0.00105
0.00000
0.00000
0.00405
0.01871
3.64488
3.44765
0.00387
0.00263
0.00103
0.00000
0.00000
0.01563
0.07316
3.78425
3.49232
0.01140
0.00732
0.00287
0.00000
0.00000
0.01802
0.08519
3.80111
3.47061
0.01193
0.00820
0.00326
0.00000
4
727.16

- R R Y R S

0.00643
0.13506
0.26368
0.39086
0.51779
0.64470
0.76944
0.89407

0.00015
0.00516
0.01836
3.79209
3.22982
0.00408
0.00249
0.00093

0.00015
0.00506
0.01812
3.78789
3.23030
0.00377
0.00245
0.00091

0.00057
0.01953
0.07122
3.93331
3.27234
0.01111
0.00680
0.00253

0.00065
0.02255
0.08275
3.95154
3.24465
0.01170
0.00764
0.00287

7
0.1465
540
.0200
.0200
-0200
.0200
.0200
.0200
.0200
.0200
.0200

0

(D48H120 / Multi / DR 0302, 7.44 MWth, 39.80 kg/sec)

0

0

0.0

0.0

4
0.01929
0.14792
0.27654
0.40356
0.53049
0.65728
0.78190
0.90653

0.00036
0.00639
0.01563
3.90012
2.98195
0.00395
0.00231
0.00081

0.00035
0.00626
0.01561
3.89548
2.98431
0.00373
0.00227
0.00080

0.00136
0.02416
0.06163
4.04694
3.01873
0.01043
0.00630
0.00221

0.00155
0.02793
0.07120
4.06672
2.98419
0.01105
0.00709
0.00251

0
0.1583
1
4607

4607

0
0

0.03216
0.16078
0.28932
0.41625
0.54318
0.66974
0.79437
0.91899

0.00058
0.00782
2.07146
3.94016
2.79549
0.00379
0.00213
0.00070

0.00057
0.00766
2.08066
3.93562
2.79925
0.00366
0.00209
0.00069

0.00221
0.02957
1.74646
4.24811
2.39391
0.01024
0.00580
0.00191

0.00252
0.03423
1.83574
4.27960
2,29631
0.010%4
0.00654
0.00217

1
5.9213
0

. 4607
4607
-4607
-4607

0
0

0.04502
0.17364
0.30201
0.42894
0.55587
0.68220
0.80683
0.93146

0.00084
0.00945
2.29435
3.97384
2.48695
0.00366
0.00195
0.00059

0.00083
0.00925
2.30292
3.96921
2.49347
0.00358
0.00192
0.00038

0.00319
0.03575
2.03020
4.28655
2.12474
0.01000
0.00532
0.00162

0.00365
0.04144
2.07999
4.31842
2.03033
0.01079
0.00601
0.00184

156.33

s W N O

o wn

3
1

0.05788
0.18650
0.31471
0.44163
0.56856
0.69466
0.81929
0.94392

0.00115
0.01127
2.56883
3.97036
2.16155
0.00352
0.00178
0.00049

0.00113
0.01103
2.57346
3.96587
2.17053
0,00346
0.00175
0.00048

0.00437
0.04264
2.31628
4.28361
1.84020
0.00967
0.00486
0.00134

0.00500
0.04948
2.33970
4.31434
1.75298
0.01053
0.00550
0.00152

397

0591
.0591
.0591
L0591
0591
L0591
0591
0591
039}

2
0

0.07074
0.19937
0.32740
0.45433
0.58126
0.70M3
0.83175
0.95638

0.00153
0.01321
2.84849
3.92956
1.83456
0.00337
0.00162
0.00039

0.00150
0.01292
2.84970
3.92548
1.84336
0.00332
0.00159
0.00039

0.00530
0.05003
2.58838
4,23993
1.54317
0.00928
0.00442
0.00107

0.00665
0.05812
2.59345
4.26775
1.46727
0.01017
0.00501
0.00122

.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

0.08361
0.21223
0.34009
0.46702
0.59395
0.71959
0.84422
0.96834

0.00200
0.01518
3.11350
3.85209
1.53952
0.00321
0.00147
0.00030

0.00196
0.01485
3.11215
3.84868
1.53650
0.00316
0.00144
0.00029

0.00756
0.05757

2.84170 .

4.15456
1.24869
0.00883
0.00400
0.00081

0.00868
0.06694
2.8399
4.17158
1.19060
0.00974
0.00453
0.00093

24

28

127

0.09647
0.22509
0.35278
0.47971
0.60664
0.73205
0.85668
0.98131

0.00257
0.01701
3.26434
3.78631
0.00398
0.00304
0.00132
0.00020

0.00252
0.01664
3.26316
3.78349
0.00377
0.00299
0.00130
0.00020

0.00973
0.06464
3.38034
3.83374
0.01112
0.00834
0.00360
0.00056

0.01119
0.07523
3.39648
3.82305
0.01141
0.00926
0.00408
0.00064

.0591
.0591
0591
L0591
.0391

L0591

0391

0.10933
0.23795
0.36548
0.49241
0.61933
0.74451
0.86914
0.99377

0.00328
0.01843
3.47169
3.63518
0.00420
0.00286
0.00118
0.00011

0.00321
0.01805
3.46885
3.63294
0.00389
0.00281
0.00116
0.00011

0.01239
0.07030
3.60003
3.67937
0.01146
0.00783
0.00323
0.00031

0.01427
0.08187
3.61598
3.66318
0.01187
0.00874
0.00366
0.00036

.2035
.2035
.2035
.2035
.2035

.2035

.2035

8

26

.0591

.0591

.2035

.2035



.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200

.0200
0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200

.4607
.4607
.4607
4607

.4607
. 4607
4607
.4607

.4607

4607
.4607
.4607
.4607
.4607
.4607

.4607
4607
.4607
.4607
.4607
.4607
.4607
.4607
.4607
.4607
.4607
.4607
4607
.4607
4607
.4607
.4607
.4607
.4607
.4607
.4607
4607

0591
.0591
.0591
.0591
L0591
.0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
0591
0591
0591
0591
0591
.0591
0591
.0591
.0591
.0591
0591
.0591
.0591
.0591
L0591
L0591
059t
.0591
.0591
0591
.0591
0591
.0591
.0591
.0591
.059t
.0591
.0591
.0591
.0591
.0591
.0591
.0591
0591
.0591
.0591
0591
.0591
L0591
L0591
0591

.2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

.2035
.203S5
.203S
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

31

33

41

43

43
5t

33

61
10

n

4
7

9

81

9t’

104
107

itl

13
L6

18
120

122
125

-128

0591

0591
0391

.0591
.0591

.0591
.0591

0591

0591

.0591

0591

.0591
0591

.0591

.0591
0591

L0591

.09t
0591

0591

L0591
.0591

.0591

.0591
.0591

0591

.0591

.0591

.0591

.0591
059t

.0591

.0591

0591
.0591

.0591

.0591

L0591
L0591

.2035

.2035
2035

.2035

.2035

.2035

2035

.2035

.2035

.2035

-2035
-2035

-2035

.2035
2035

-2035

.2035
.2035

-2035

.2035
-2035

-2035

.2035
.2035

.2035

-2035

.2035

-2035

-2035
.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035
.2035

S6

98

-0591

.0591

.2035

.2035



mn
8
9

2B

.0200
0200
.0200
.0200
0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200

.0200
.0200
.0200
.0200
.0200
.0200
.0200
-0200
.0200
.0200
.0200

9

81

EHREN

.0591
.0591
0591
.0591
.0591
-0591
0591
0591
0591
0591
0591
.0591
0591
.0591
.0591
.0591
0591
-0591
.0591
0591
0591
-0591
.0591
.0591
.0591
-0591
0591
0591
-0591
.0591
0591
-0591
0591
-0591
.0591
.0591
.0591
-0591
0591
0591
0591
0591
.0591
0591
-0591
0591
-0591
-0591
.0591
-0591
.0591
0591
0591
0591
.0591
-0591
.0591
0591
0591
-0591
-0591
-0591
-0591
-0591
059t
0591
-0591

.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
. 2035
. 2035
. 2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
L2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

127

129

145

147

167

169

17
174

176 -

178

182
185

187
189
191

193

198
200
202

204
207

-129.

.0591

.0591

.0591
.0591

.0591

.0591

.0591
.0591

.0591

.0591

.0591

.0591

.0591

0591

.0591
-0591

0591

.0591

.0591

.0591
0591

0591

.0591

.0591

.0591
.0591

.0591

.0591

.0591

.0591
.0591

.0591

.0591

.0591

.0591
.0591

2035

.2035

.2035
.2035

.2035

2035

. 2035
.2035

.2035

.2035

.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035
.2035

152

.0591

.2035



144
145

195

205
206
207
203
209
210

.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
0200
0200
0200
.0200
.0200
0200
.0200
0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
. 0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200

.4607

4607

198
199
200
201
202
203
204
205
206
207
208
209
210
211

.0591
.0591
0591
.0591
.0591
L0591
.0591
0591
0591
0591
0591
L0591
L0591
.0591
.0591
.0591
0591
.0591
.0591
.0591
.0591
L0591
0591
.0591
.0591
0591
0591
.0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
L0391
0591
0591
.0591
.0591
0591
0591
.0591
.0591
-0591
0591
0391
0591
0591
0591
L0591
.0591
.0591
.0591
.0591
0591
.0591
.0591
0591
.0591
.0591
.0591
0591
.0591
L0591
0591

.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
-2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
-2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
-2035
2035
.2035
.2035
2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

209
211

213

216
220
222
224
226

228
231

233
235
237
239

241
244

246
248
250
252

254
257

259
261
263
265

267
270

2R
274
276

278

283
285

287

130

-0591

-0591

-0591

.0591

0591

0591

.0591

L0391

L0591
0591

L0591

.0591

0591

0591

.0591
.0591

.0591

0591

.0591

.0591

.0591
.0591

0591

.0591

0591

.0591

.0591
.0591

L0591

0591

L0591

0591

0591
.0591

0591

0591

.2035

.2035

.2035

.2035

.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

2035

.2035

.2035
.2035

.2035

.2035

-2035

.2035

.2035
.2035

.2035

2035

218

.0591

.2035



211
212
213
214
215
216
217
218
219
220

222
223
224
225
226
227
228
229

231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
2175
276
2n

212
213
214
215
216
293
218
219
220
221
222
223
224
225
226
227
228
229

231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
214
275
276
21
278

0591
0591
.0591
L0591
.0591
.0591
.0591
.0591
.0591
.0591
L0591
.0591
.0591
0591
-0591
.0591
.0591
.0591
.0591
0591
0591
.0591
.0591
.05%1
.0591
.0591
0591
.0591
.0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
L0591
.0591
0591
.0591
.0591
.0591
0591
.0591
.0591
0591
0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
0591
0551
0591
.0591
.0591
.0591
.0591
.0591
.0591
.0591
L0591
.0591

.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
2035
.2035
.2035
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.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035
.2035

289

291

294

298

304

308
311

313

315

317

319

321

323
326

328

330

332

334

336

338
341

343
345
7
349
351

353
356

358

362

364
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.0591

-0591

.0591

.0591

0591

.05%1

.0591

.0591

.0591
L0591

.0591

.0591

.0591

.05%1

.0591

.0591
0591

0591

-0591

0591

.0591

.0591

.0591
0591

.05%1

.0591

.0591

.0591

.0591

.0591
0591

0591

0591

.0591

.0591

2035

2035

.2035

.2035

.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035

.2035

.2035
.2035

.2035

.2035

2035

.2035

.2035

.2035
.2035

.2035

.2035

.2035

.2035

-2035

.2035
.2035

.2035

.2035

.2035

.2035
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218
219
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281
282
283
284
285

287
288
289
290
291
292
293
294
295
296
297
298
299

302
303

305

307
308

310
3n
312
313
314
315
316
317
318
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320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344

.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
0200
-0200
.0200
0200
.0200
0200
-0200
.0200
.0200
0200
.0200
-0200
0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200
.0200
0200
.0200
.0200
.0200
.0200
.0200

4607
.4607
4607
.4607
.4607
.4607
.4607
.4607
.4607
4607
.4607
.4607
4607
4607
.4607
4607

.4607
4607
4607
4607
4607
4607
4607
.4607
4607
4607
.4607
.4607
.4607
.4607
4607
.4607
4607
4607
4607
4607
.4607
.4607

2719
280
281
282

284
285

287
288
289
2%0
291
292
293
294
383
296
297
298
299
300
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4) RB0602 7-J g A4S $I¥ MATRA-LMR 4YAE (o ZgA)

30000 0 0 1 1
1 0 (D48H120 / Multi / RB 0602, 1.44 MWth, 8.70 kg/sec)
1 0 0 0 0 3 2
2 0 0 0 0 1 0 0
0.316 ~0.25 0.0
64. -1, 0.0
3 81 7

0.00000 0.00643 0.01929 0.03216 0.04502 0.05788 0.07074 0.08361 0.09647 0.10933
0.12219 0.13506 0.14792 0.16078 0.17364 0.18650 0.19937 0.21223 0.22509 0.23795
0.25082 0.26368 0.27654 0.28932 0.30201 0.31471 0.32740 0.34009 0.35278 0.36543
0.37817 0.39086 0.40356 0.41625 0.42894 0.44163 0.45433 0.46702 0.47971 0.49241
0.50510 0.51779 0.53049 0.54318 0.55587 0.56856 0.58126 0.59395 0.60664 0.61933
0.63201 0.64470 0.65728 0.66974 0.68220 0.69466 0.70713 0.71959 0.73205 0.74451
0.75698 0.76944  0.78190 0.79437 0.80683 0.81929 0.83175 0.84422 0.85668 0.86914
0.88160 0.89407 0.90653 0.91899 0.93146 0.94392 0.95638 0.96884 0.98131 0.99377
1.00000

0.00000 0.00053 0.00126 0.00205 0.00296 0.00404 0.00535 0.00696 0.00894 0.01136
0.01430 0.01782 0.02200 0.02686 0.03241 0.03857 0.04516 0.05184 0.05807 0.06294
0.06513 0.06268 0.05290 1.97058 2.01556 2.27281 2.53026 2.77735 3.371232 3.59589
3.78350 3.93572 4.05272 4.27825 4.31925 4.31724 4.27289 4.18518 3.83414 3.67792
3.49018 3.27027 3.01730 2.35119 2.09387 1.83067 1.57096 1.34697 0.01170 0.01268
0.01297 0.01268 0.01174 0.01127 0.01080 0.01032 0.00982 0.00930 0.00877 0.00823
0.00769 0.00715 0.00663 0.00612 0.00563 0.00515 0.00470 0.00427 0.00336 0.00346
0.00309 0.00273 0.00240 0.00207 0.00176 0.00146 0.00117 0.00089 0.00062 0.00035
0.00000

0.00000 0.00014 0.00033 0.00054 0.00078 0.00106 0.00141 0.00183 0.00236 0.00299
0.00376 0.00469 0.00579 0.00706 0.00851 0.01013 0.01185 0.01359 0.01520 0.01646
0.01704 0.01646 0.01418 2.02721 2.26547 2.54360 2.82197 3.08379 3.25955 3.46498
3.64063 3.78342 3.89106 3.94036 3.97468 3.97237 3.93340 3.85842 3.78068 3.63367
3.45283  3.24092 3.00134 2.79562 2.50221 2.19348 1.88423 1.60759 0.00428  0.00459
0.00466 0.00453 0.00439 0.00418 0.00398 0.00378 0.00358 0.00338 0.00318 0.00297
0.00277 0.00258 0.00238 0.00220 0.00202 0.00185 0.00168 0.00152 0.00138 0.00123
0.00110 0.00097 0.00085 0.00074 0.00063 0.00052 0.00042 0.00032 0.00022 0.00012
0.00000

0.00000 0.00073 0.00173 0.00282 0.00406 0.00554 0.00734 0.00954 0.01223 0,01551
0.01949 0.02426 0.02989 0.03644 0.04390 0.05217 0.06103 0.07005 0.07851 0.08528
0.08862 0.085%6 0.07354 1.89072 2.06580 2.28710 2.52150 2.75492 3.32923 3,5470%
3.73083 3.88076 3.99698 4.22749 4.26910 4.26742 4.22297 4.13478 3.77741  3.62268
3.43851 3.22427 2.97966 2.34861 2.10732 1.87i54 1.65691 1.5053%3 0.01779 0.01936
0.01984 0.01943 0.01805 0.01731 0.01655 0.01578 0.01500 0.01420 0.01339 0.01258
0.01178 0.01098 0.01020 0.00943 0.0086%3 0.00798 0.00729 0.00663 0.00600 0.00540
0.00483 0.00428 0.00376 0.00325 0.00277 0.00230 0.00185 0.00141 0.00098 0.00055
0.00000

0.00000 0.00108 0.00257 0.00418 0.00603 0.00822 0.0t087 0.01411 0.01807 0.02289
0.02872 0.03568 0.04388 0.0533% 0.06416 0.07605 0.08870 0.10i44 0.11324 0.12244
0.12660 0.12207 0.10358 1.950i2 2.04623 2.22854 2.44604 2.67637 3.28466 3.51125
3.70247 3.85887 3.98160 4.23762 4.28340 4.28239 4.23482 4.13969 3.74786 3.58554
3.39541  3.17561 2.92541 2.27404 2.04206 1.83227 1.66990 1.61455 0.02583 0.02842
0.02942 0.02918 0.02751 0.02662 0.02564 0.02458 0.02347 0.02230 0.02110 0.01988
0.01865 0.01742 0.01621 0.01502 0.01386 0.01274 0.01165 0.01061 0.00961 0.00866
0.00774 0.00687 0.00603 0.00523 0.00445 0.00371 0.00298 0.00228 0.00158 0.00090
0.00000

0.00000 0.00073 0.00174 0.00284 0.00409 0.00559 0.00740 0.00962 0.01235 0.01568
0.01971  0.02454 0.03026 0.03691 0.04443 0.05287 0.06182 0.07088 0.07926 0.08577
0.08855 0.084950 0.07110 1.84486 2.01246 2.23901 2.48202 2.72537 3.34214 3.57106
3.76302 3.91912 4.04043 4.28586 4.32990 4.32839 4.28185 4.18509 3.81028 3.64900
3.45775  3.23474  2.97848 2.30167 2.05153 1.80791 1.58715 1.43560 0.01655 0.01819
0.01877 0.01847 0.01721 0.01656 0.015%0 0.01522 0.01450 0.01376 0.01299 0.01222
0.01144 0.01066 0.00990 0.00915 0.00843 0.00773 0.00706 0.00642 0.00581 0.00522
0.00466 0.00413 0.00362 0.00314 0.00267 0.00222 0.00178 0.00136 0.00094 0.00053
0.00000

0.00000 0.00014 0.00033 0.00054 0.00078 0.00107 0.00141 0.00184 0.00236 0.00300
0.00378 0.00471 0.00382 0.00710 0.00857 0.01019 0.01193 0.0136%9 0.01533 0.01662
0.01725 0.01676 0.01456 2.03382 2.27135 2.54819 2.82717 3.09121 3.26339 3.47139
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11.8858 -47559 .03780 51457
1 0485 -.917 417
2 .0485 -.584 .084
3 .0485 ~.250 .50
4 .0485 -.750 .250
5 0485 ~-.084 .584
6 .0485 -.584 .084
7 .0485 ~-.917 .417
8 .0485 -.417 917
9 L0485 -.750 250
10 -0485 -.250 .50
I 0485 -.584 .084
12 .0485 -.417 917
13 0485 -.917 417
14 .0485 -.584 .084
15 .0485 -.250 .50
16 0485 -.084 .584
17 .0485 -.917 417
18 0485 ~.250 .150
19 0485 ~.750 .250
20 .0485 -.084 .584
2] .0485 -.917 417
22 .0485 -.750 .250
23 .0485 -.084 .584
24 .0485 ~-.584 -084
25 .0485 -.917 417
26 -0485 -.750 .250
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29 .0485 -.417 917
30 L0485 -.750 .250
31 0485 -.584 .084
32 .0485 ~-.417 517
33 -0485 -.750 -250
34 0485 -.2%0 .150
35 0485 -.584 .084
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43 .0485 -.917 417
4 .0485 -.584 .084
45 .0485 -.250 .750
46 .0485 ~.084 .584
47 0485 -.917 417
48 .0485 -.250 .150
49 .0485 -.084 .584
50 .0485 -.917 .417
51 .0485 -.250 .750
52 .0485 -.750 .250
53 .0485 -.084 .584
54 .0485 -.917 .417
55 .0485 -.750 .250
56 .0485 -.084 .584
57 .0485 -.917 417
58 .0485 ~-.750 .250
59 0485 -.084 .584
60 .0485 -.584 084
61 0485 -.917 417
62 .0485 ~-.750 .250
63 .0485 ~.584 .084
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