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Abstract

The numerical instability at low-pressure and low-flow conditions has been confirmed to be the
common problem of the existing COBRA-series subchannel analysis codes. In addition, the range of
operating conditions at which the analyses by the codes are impossible has been evaluated. To evaluate
the MATRA's inapplicable range of operating conditions of the SMART core that is to be operated at
the low flow condition, i.e., about 30% of the flow of the existing commercial pressurized water reactors
at the steady-state condition, the analyses of various operating conditions were performed by using
several representative COBRA-series subchannel analysis codes including MATRA. TORC of CE,
COBRA3CP of Siemens/KWU, COBRA4I of PNL, and MATRA of KAERI were chosen as the
subchannel analysis codes to be evaluated. The various operating conditions used in the CHF tests
carried out at the Winfrith Establishment of UKAEA were chosen as the conditions to be analyzed. As
the result, the numerical instabilities at low-pressure and low-flow conditions occurred in the analyses
by all of the codes. It was revealed that the MATRA code, which was numerically more stable than
the other codes, was not able to analyze the conditions of the pressure not more than 100 bar and the
mass velocity not more than 300 kg/sec—mz. Hereafter it is required to find out the exact reason for the
numerical instability of the existing COBRA-series subchannel analysis codes at low-pressure and

low—flow conditions and to devise the new method to get over that numerical problem.



1. A&

3 4 KAERI(Korea Atomic Energy Research Institute)ol A& QA= =4 948 A7 2 2248 93
o ¥4z 4 7= MATRA(Multichannel Analyzer for steady states and Transients in Rod Arrays)
[1-4]5 W Fol dow, 9A KAERIONA A d FAd A Y2 SMART(System-integrated
Modular Advanced ReacTor) =4l A7Alo] #8353 vk, SMART A2 A oA 7]E&E9 48 7}
A AFEE F5 oF 30% FEe AfEoeR SHHEC[E] E3I SMART =419 o8 714 DNB(Departure

from Nucleate Boiling) @& Alal 27 Fo)A 4 DNBR(DNB Ratio)o] @Al A Aol Ao f&o AA

e 49 oF 20% AEZ k(5] W 71£9 COBRA(COolant Boiling in Rod Arrays) A9 R+2 &
A FEEL MY AR o 24 uyE - 1fE F2dd ALEE AEEHAY] W, 53] AY
g AqE 2ddA F3 w7 & FEEHA FE SAEES A2 Jdrh67] weEbs COBRA A9 =4
MATRAE SMART =4 X #H&3l7] gaide, Tt WA MATRA ZE2 B0 Brled
SMART =4 &% 279 ®HE sofsts do] AlFsta, © dolrl a28id F44 Bdd8 S doye=
deols Bt dld wWele =ESE dol TRtk B =iy aEd v e dstog st &
A ZAE A 2 7kA dBmAA FFE2 4 25Ee A4S Sk, AYY - ARE 2 £4
A Aol 7]E9 COBRA AE 2 314 Z=Eo] 7HA 1 de Ak #A89E &<lsta,
g Brhsd &4 2719 HYE Hrlsgd

okt e z2de] dig HE&A vl HUbel Abgsy] fa MAg" ReR 4 Z=ES CE
(Combustion Engineering)2] TORCI[8]¢} Siemens/KWU(Kraftwerk Union)2] COBRA3CP[9], PNL(Pacific
Northwest Laboratory)$] COBRA4I[6,10]1 % KAERI®] MATRAc¢|t}. o]&52 X5 COBRA AlY :=E9
g, COBRA ZE=w 7Hg 9 dexl HF2 A Z=2ZA, A4 942 =4 9598 A4 2 B4 AR
FHa JgE e HEE 4 m=ES ulE o] COBRA ZE=2HH /EE A, 19673 0] PNLoAl A
& 7irEl COBRA-I[111S Ao & COBRA-II[12], COBRA-II[13]¢] 4 #4-S 7 COBRA-IIC[14]¢}
COBRAAIZ} 2+2t 19733 19761 el /W= i, 1 o] o /idd 83 52 34 Z=E59 REHrt 9
ATk B EAo] Ab&" TORCS COBRA3SCPE COBRA-TICEY-E 7AtrsEo] A4 A& 71t A4sE =4
g8 AAo AR AFEHI 9a, MATRAE COBRAAIZRE 7ietso] &4 KAERI Wolx SMART
of T2, stvE ¥ AAFEHFEZ =4 B AMEF L 9)th[15-18]

duror YR wAo d4HH ALS Y EAE, =4 A7 EFA FA 2AELS W
FAZIHEA =4 A dFGelAe frE 2 d"gT Fo EEXE TF3e ZAA EA(boundary-value problem)
g3 & 4 k. add o9} o] AAk Aol t(both ends of space domain)oll A o] FIE =
BAA EAE AAA AHoR FASY] e, A AL 719 Se] asta 3 #A L]
olgigo] wWEy] wWio AWy o %7|x EA|(initial-value problem)ol] ™3t si4] WHES AlEElo] 1
A S E e Ao] HEe|th[131920] Z71A siRME AEste] AR =AY AAA EAE S|4

A e, =4 EF BA 2A4E HEA7E VA =4 47 AA 20E Z2E g7 =4 JFEEEH
ZT 7429 Ak BAS wrEA o7 S35t multi-pass marching scheme[21]S AF&3foF v}, COBRA

2]
P2 dA m=sEe 7 e Huoael fAe dEY(enthalpy: h), = %(density: p), L}

Ad HF2 3

(crossflow: w), &3 F#(axial flow: m) L & (pressure: p)S =4 JTERE EF371A ALrstsE 34
S, WA U fEol el Folx 8 1S 953 uzhx wESHA Ach[6,14] AA 2HozE
e A, v GTolA e dEd, SHF 9 2 wAF BEx =4 EFoAY Tdd g4 ExE
ARE-shEEl, 3 WA AlbGteration) ol A& A el A 9] wARTE gle Ao R JHA T w4l FoA

o FQ 4 RE AA 2% VI ANAE, FUE L5

-l o °
o] a1Fet R4z rte] ek by o]l S §F(downstream) WO
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3.1 A5 #42 s (Crossflow Equation Solution Scheme)
A EoH FAHAY vAFR AAFE AFESIE WA WAA slHAA A=, ¥ 1o Bl upe} o,
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A Ho
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Fold W 48 Pl dp/ded T WF £ WHHoLRE WAF wE FHL, A% PR
ouRE WY ¥ me ANAL. A4 RrM) 593 ¢ FHE olgatel Ay ¥rait
W G Ap,E T, ST LY PHNoERY 48 pB Fath AR PAA AyeIA} v}
AAA R, olsh e FUF PRl Ao AN BAL =4 YFERE TP FAkE AHL, W
AR wsh 9 F% mol A7) 19 AL BA0 BEY WA W Nek

of % A A AW WS e A A4S Agsn QAR wAF PR 3
B4Rk F(gap)l A olH7] wEel, Folop & WA AFA Aol F A%
@ g ) g Aol A5 dp/dh Azte] Bezes golHs] uEe
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gz e F FAE FE Ao oM 2 A &0 ¥k ¥H, COBRA AlY H42 34 3=
58 A% % A4 9 & (matrix solver) & ¥HE (iterative method)e] ¥FQ A4 o]y

(successive over-relaxation: SOR) 22 2Z % ¥ (direct method)d] 4F< 7}9-2 AAH(Gauss elimination:
GE)S AH&3til e Aol BnEddd, A &8 #HAA A% o)l 72 AN F o= Wyo] -
el Advka gt R =od £ Qv F 4 WY P AWFgFon Fax= U Allk(inner
calculation) A ol = WA= A& o] ko] 792 AW vlsto] A4t Hr7t wE AR, 7R AR 0
AA0] Qe x| B Pl wE, dE o]l e HHE AXE Ed ZA} S FEy] Wi, w4

?,“

'3
=), 2} ik i
TERE E371A 9 29 1go] WkE-EHE oK Ak (outer iteration)A] T EE Q& <ldto] o wb
B A 347k S7rskA Ho] AAlF Aat &L A AAEY A9 HEAAY B8 238 o
vwd £ 97] wEolth,  E R AHg¥E COBRA4IE A& ojgbde AFg3star 9lal, TORCE
COBRA3CP ¥ MATRAE 7192 2AHE AHEsta

4. 24 239 A=

A 259 A g oZE UKAEA(United Kingdom Atomic Energy Authority)] Winfrith
Establishmentol] 4] =8 3t CHF(Critical Heat Flux) 2 3[24]o] AFg¥ 41 2R E5S A8t Winfrith
CHF ¥ vjg teks &4 21 stolA FAHA7] o, B2 34 2= AL E7bs 3 99
< Brtske el o] wig- AFetviar o] B AT B4 gidow MdAsdrt A3l AHeE ¥

ghe A 7o) 95 mmelal BzF ¥ X7t 127 mmelw 7k Zol7} 3000 mmel 25 e Bow FAE o gl

A
ow 7td Zo] JJo A& A AHA &F WO R 275 mm Bl AFORRE 545 mme FUd 77
o2 5 /MY AA Ay} F2Ho] vy AP 7dI FWE FFH EIEE AFEEIe], 20~160 bare ¢
7}, 150~3600 kg/sec-m’®] 2, 121 150~320 °Ce] 97 <%= W ol FhHUt. B A& B
F2 #A 2y g, Winfrith 5x5 gohe] 7]stst2el x4¢ Juak §d &9 23 & 19 39 YE
Wlem, Winfrith CHF A3l AH8-8 & 123 719 &4 2459 2948 4=y 4% f4 2 A9 4
o EFT AEE o]&ste] & 13 o] Yeiich 19 39 IWYg ¥ B¥E 1~19 W $E w5t
20~25 W BE9 Fgo] Auldem =i, wepA 22 ¥ FFE7F 1L FFEdS Ho Frh Ed ® 1
°of &H 2RO RFE At - AR Z‘-Zﬂ"ﬂH—J AA B =7 A=rt 433 =2 A & 5 AU
5. %4 43
Ao AgE BFR A ZEE d54Y 2y AL & A or s Agsan. &
W 5 omdy A FeE 303 EA Ap,el g &R wE AL Tk Q1A (acceleration factor) 9]

o7 747 083 055 YA A& A, COBRA4I 7 WAF wel I R wrE A o]
ZHover-relaxation factor)e] FHOZE= 162 AFESIGT 98 ZAoZE 9 §3F m¥ ux5F wel
s

SO AR g @AY 2zt 1969} 1090 e A9z A%
=

ki :

Q1 whe o]l IEGIb Rzbe] Aolw glou, AjfH - AfE oM e i LS
LA fASHA bt 29 4~78 @Ae] mE 7 3= Y E(convergence map)E A 43t
Fe] @A v Zola, 2y 8~11e 7k 2= $EEE APA B F7 AEe e B
A e Zleln, a9 11~14% 24 229 FHRg JPA G 7 Admek A7 F59 BN v
Aotk 7t el SR i@ Hlug Fd & ¢ gkl 4 el ZEE FolA COBRA3CPS
MATRAZ} ®las] ARl #2414 Ass nalon, 714 442 2ew Yebd MATRAS 45, &4
o]l B7bsd &4 992 ® 20 bl vkl o] 100 bar ©]ste] §F# 300 kg/sec-m’ ol3ke] HF f%
£33 Ao HrrsEAH
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<« Assume m
<& Solve h from Energy Equation
<& Calculate r from Equation of State
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3 1. Winfrith CHF A@el AM&" F8 &4 =1
Case No. 1~7 8~18 19~43 | 44~65 | 66~82 | 83~99 |100~107|[108~123
Pressure (bar) 20 30 40 70 100 140 150 160
2 2 2 2
3600 — — — —
-0.04~0.14|-0.10~0.11| 0.01~0.10(-0.01~0.08
4 2
3000 — — — — — —
0.13~0.19| 0.07~0.16
4 2 2 3 3 4
2400 — —
0.15~0.21| 0.12~0.19| 0.02~0.15({-0.10~0.13|-0.13~0.12|-0.16~0.11
Mass - - - -
. 3 4 3 3 5 3 4
Velocity 1200 —
9 0.27~0.31| 0.29~0.35| 0.26~0.33| 0.16~0.25| 0.02~0.20|{-0.02~0.19(-0.07~0.18
(kg/sec-m”)
2 3 4 6 3 3 2
600 —
0.39~0.44| 0.45~0.48| 0.49~0.55| 049~056| 0.42~0.47| 0.25~0.30 0.14~0.18
3 3 5 6 4 2 2
300 —
053~059| 059~0.61| 065~0.69| 066~0.70| 0.66~0.70| 0.56~0.59 0.48~0.51
2 2 4 3 3 2 2
150 —
0.63~0.64| 0.69~0.70| 0.73~0.75| 0.82~0.82| 0.80~0.85| 0.86~0.89 0.76~0.79
Number of Tests
Bundle-Average Exil Quality
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¥ 2. Winfrith CHF 23 A5 &4 & MATRA Z=9 FHE (w & GE ;5 Gin vs. Pe)

Case No. 1~7 8~18 19~43 44~65 66~82 83~99 [100~107|108~123
Pressure (bar) 20 30 40 70 100 140 150 160
3600 — — — — (0] (0] (0] (0]
3000 — — (0] (0} — — — —
Mass 2400 — (0] (0] (0} (0] (0] (0}
Velocity 1200 — (0] (0] (0] (0] (0} (0} (0}
2
(kg/secmm) | g 0 0 0 0 0 0 — 0
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150 X X X X X O — (0]
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