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Summary

I. Title of the Project

Assessment of Thermal-hydraulic Experiment Database and Improvement of
MARS Code

II. Purpose of the Project

O Development of Domestic Thermal-Hydraulic Experiment Databank
- Collection of thermal-hydraulic experiments performed at universities in
Korea and development of Databank(DB)
- Evaluation of the appropriateness of experiments in DB for assessment
of the capability of MARS code
O Assessment and Improvement of the MARS code
- Assessment of the capability of MARS code through comparison of the
DB data with MARS predictions and identification of the problems

- Resolvement of the problems and improvement of MARS code
IT1. Contents of the Project

O Collection of National Thermal-Hydraulic Experimental Data and Develop-
ment of Databank(DB)
- Collection of thermal-hydraulic experimental data performed at univer-
sities in Korea
- Assessment of the collected data to evaluate the capability of MARS code
- Establishment of conceptual design and development of the DB

O Selection of the Data for the Evaluation of Capability of MARS code
- Development of the assessment guidelines for selection of the data for
evaluation of MARS code
- Evaluation of the data in DB by using guidelines

- Interview conduction with experiment performers and confirmation of
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the assessment
- Determination of the experiments to be used for evaluation of MARS

code

O Evaluation of the Capability of MARS code and Improvement of the
MARS code
- Evaluation of the analyzing capability of MARS code with selected
experiments
- Identification of the problems in MARS code
- Improvement of the MARS code by modifying models in MARS code

IV. Results of the Project

O Development of the Assessment Guidelines for Selection of the Data for
Evaluation of MARS code
O Development of Domestic Thermal-Hydraulic Experiment Databank

O Assessment and Improvement of the MARS code

V. Application Plan of the Research Results

O Utilization of the Thermal-Hydraulic Experiment DB for Development and
Verification of the Safety Analysis Code
O Identification of the Experimental Research to Make up for Lacks in Data

O Suggestion of Improvements of MARS Code



Contents

Summary ...................................................................................................................... iv
Contents ........................................................................................................................ vi
LiSt Of Tables ........................................................................................................... X11
LlSt Of Figures ........................................................................................................ X111
Chapter 1 Introduction ............................................................................................... 1

Chapter 2 Development of the Assessment Guidelines for Selection
Of the Data for Evaluation Of MARS COde ................................... 2

Section 1 Background of Development of the Assessment Guidelines 2

Section 2 Development of the Assessment Guidelines for Selection

of the Data for Evaluation of MARS Code -«weeeerrermreessereenees 3

1. Literature ReVieW ......................................................................................... 3
A. Domestic Research .................................................................................. 3
B. Overseas ResearCh ................................................................................... 4

2. Development Of the Assessment Guidelines ......................................... 5
A. Determination Of the Contents ........................................................... 5
B. Development Of the User Manual ...................................................... 5

C. Improvement of the Assessment Guidelines & User Manual - 6

Chapter 3 Development of Domestic Thermal-Hydraulic Experiment
Databanlk  crerererrerererrrre e 10

Section 1 Collection of Thermal-Hydraulic Experimental Data

performed at Universities ln Korea ............................................... 10

Section 2 Evaluation of the experimental data by using Guidelines - 12
1. Evaluation of the Suitability for MARS Code «eerererermemesseseseeeeees 12
A. First Evaluation by the PrOjeCt'Man ................................................ 12

B. Second Evaluation by the Experiment-Performer ««:«weeeeeeeeeeeee 13

C. Flnal Evaluation .................................................................................... 14

- Vi -



2. Evaluation Results ...................................................................................... 15

SeCtion 3 Development Of the Databank ....................................................... 17
1. CompOSition Of the Databank ................................................................. 17

2. Detall Of the Databank .............................................................................. 17
Chapter 4 Assessment and Improvement of the MARS code ::eeeeereeseeseee: 26
Section 1 Assessment of the Condensation Heat Transfer ««:«:-----eeeeeeeeeee 26
1. Outhne ........................................................................................................... 26
2. Condensation Heat Transfer Model of MARS Code ««:+wereeeeeeeeeee 27

3. Condensation Experiment ......................................................................... 30

4. MARS COde MOdehng and Results ...................................................... 34
5. Improvements of the Capability of MARS Code ««ereeereeseseseeeseee: 38
Section 2 Assessment of the CCFL in the Nearly Horizontal Pipe - 44
1. Outhne ........................................................................................................... 44
2. CCFL Experiment ....................................................................................... 45

3. MARS COde Modehng and Results ...................................................... 47
A‘ MARS COde Modehng ........................................................................ 47

B. Determination Of the Onset Of CCFL .............................................. 47

C. Results ...................................................................................................... 48

4. Improvements of the Capability of MARS Code ««ereeererseseseeeseee: 55
Section 3 Assessment of Loss of RHR in the Mid-Loop Operation - 59
1. Outhne ........................................................................................................... 59
2. Description Of FaClhty and EXperiment ................................................ 60
A. PKL Integrated Test FaClhty .............................................................. 60

B. OverVieW Of PKL III G11 Test ......................................................... 60

C. Experimet Procedures .......................................................................... 61

3. MARS COde Modellng for PKL FaClllty .............................................. 64
A. MARS Code MOdehng ........................................................................ 64

B. Measurement Llst .................................................................................. 65

C. Inltlal and Boundary Conditions ...................................................... 67

4. Results ........................................................................................................... 69

- Vil -



A. Comparison of RPV Upper Plenum and S/G Pressure -+ 69

B. Comparison Of Core EXlt Temperature ........................................... 71

Section 4 Assessment of the DVI Line Break LOCA -:ereeeeemreressnenereenenn 73

1. Outhne ........................................................................................................... 73

2. SNUF Facility and Experimental Conditions :««:«semeeeeresesesseseseeseeeeee: 74

A. SNUF FaClhty ........................................................................................ 74

B. Experimental Conditions ..................................................................... 74

3. MARS COde Modehng and Results ...................................................... 83

A‘ MARS COde MOdehng ........................................................................ 83

B. Results ...................................................................................................... 83

Chapter 5 COHCIUSionS ........................................................................................... 94

Chapter 6 References ................................................................................................ 95

APPENDIX .................................................................................................................. 97
A.1 Assessment Guidelines for Selection of the Data

for Evaluation Of MARS COde ................................................................. 97

A.2 User Manual of the Assessment Guidelinges «-::-reeerreseeeesrerreneneens 100

B.1 Questionnaire for the Domestic T/H Experimental Data -+ 115

B.2 1%, 2™ Experiment Evaluation Sheet (Sample) «swseessseresseeesseeenns 118

B.3 Questionnaire for the MARS Code Data (Sample) ««weoeeeeeeseeeeseeeeeeees 128

B.4 Final Experiment Evaluation Sheet (Sample) ««werereereererseesesseseseneeenns 129

- Viii -



Vi

iX
- xii
it

MARS
MARS

A1 4

A 2 & MARS
A 2 A

;q] 1 ;gy }\1 PP PP PP

O o F O o 1o

6
10
10
12
12
13
14

7
.
t}

‘mo

!

s

—_
N
My Be

S|
XA AR A A ZA] e
Aol ALg Awaje] A

=
*:I_T
]
] /\1
g

|=
4 A4
3}

ol
of th¥

g

g A

g A
SR

]

T AR FAF B AE e
1
2]
=
2
=
%)
“
X

%l-l:o]-x]_g] 27‘(]_ _\7517]_

N
B
o
N

o] MARS &= A

Al &
=]

-
=

218

1.

=
le=]
=
Sk
5)
A 2 A MARS Z&E 7A=8 A9

- 11X -



Al 3 A T O)EJHIIL T3 coreererrrrereresene 17
1. TJOJEHEIL TEAT corerreeree 17
2. 1;-]] o] Eﬂ Hgﬂ /q]J%L 301-% ................................................................................ 17

Al 4 F MARS TE FI7F H ZJAD e 26

A1 A BEEA7A EAA] = GAY A FTF o 26
L Tl et 26
2. MARS Z=29] AR LA AY Tl o 7
B, FAIETE AT e 30
4. MARS & Fulled T B AT oo 34
5. MARS T & = DAY Hdl JJA] s 38

A2 A FHD U AFGESASTE SAF FIJ e 44

B/ . JTTIISTTIRINURINORIVRRIRN . SURrOrenNrrarrnNrrNern SRR 44
2. CCOFL AL ] ettt 45
3. MARS ZE Eulg] 2l BA AT} i 47

7F. MARS FTE T E] oot 47
LF, CCFEL A A] 2] A oo 47
rjr MARS 7 &= OH/H 7:1_,/} ........................................................................ 48
4. 7H}ﬂ /\]_-(501- ...................................................................................................... 55
A 3 A ZFFFHS RHRAAAFIL T T coeerrveereeneenieniie 59
TR QL ceeeerereetenet e 59

2. PKL %_%HL /‘a]@ Xg—j] = /\Eh;g xé;‘q_ ......................................................... 60
7} PKL 2TF AT A X] ceereeeereereeienieniiii 60
U PKL III G1.1 A3 /Meet 7] @ AA F7] oo 60
rjr‘ /\Eh‘suq _1/,3}\1 ............................................................................................... 61
3. MARS &= 0]—%—?} /\Eh‘s‘j 3]]/33' ............................................................. 64
7F. MARS FE T Bt 64
L Al B AR 65
1;]_ Al & gr_g] T/,_:}q 1;_3 7(:)174] z7A g;g ................................................. 67
4. MARS &= 3]]/34 7‘_:[:1_37,]_ ............................................................................... 69
b A 2 2% W AR QFEl H L s 69
1/]__ %_/J\_ Lo-:_g._ 1:]]337_ ..................................................................................... 71



=
T TR QL cerereremme ettt 73

2. SNUF /\EI-?stq, 7((}‘] 1;.; /\EI-?stq, B e 74

T AT ZFR] ceeerennenee e 74

1/]_ /\E]ﬁéiﬁ ................................................................................................. 74

3. MARS Z = 3]]43' 7‘_:[:1_37,]_ ............................................................................... 83

7F MARS T T FLEIE] oo 83

LF, AT oo 83

Al 5 A B e 94
Al 6 A ZFF TL T T e 95
X B 97
A1 MARS Z& @%% @-3 }d;g ;q;g,q ..................................................... 97
A2 MARS &= é%% ’%‘@ }1\_;@ ;q;}j/q /\]_,Q /\quﬂ/q ........................... 100
B.1 =W tjsr g4 Y doly HAEHA (xﬂ4) ...................................... 115
B2 1, 23} A FIFA (B Z) oo, 118
B.3 ZX]' _117]. /g%;q (A]ljl.:é;) .............................................................................. 128
B4 H= _\1:]7],}\1 (/%J%) ...................................................................................... 129

- xi -



=<~ << R < S < S < =<~

=<~ R < = = I =<~ I < I << = =

3.1.1
3.1.2
3.13
314
3.15
3.1.6
3.1.7
331

411
41.2
421
431
4.3.2
433
434
441
442
443
444

H%EH@FJT’— oéz.}:e_:} od:rlzkel (107H) ........................................................... 10
H%EH@FJT’— %X]-i 7&74] :g_‘_}-/kel (17H) ................................................... 10
XY o)A fE ASA (87H) ........................................................... 11
KAIST 4243 81 oA Al=sl A b A7 (@7H) oo 11
KAIST =& / I A|~EH A7 (57H) ........................................ 11
Sttt HAA}F A Ada (27H) ................................................... 11
A3ty LAE /A A (27H) ............................................... 11
HI O] EJHI 9] AT Hl B AL e 18
Test Section _;re Q9 /g 71] ;'q ....................................................................... 31
Test Section T8 A A '] ....................................................................... 39
ST T CCOFL AFTFA] vttt 55
Condition phaseol|A HA7de]le] PKL 23 XY F8 W5 62
Test phase A2 & 122 YA AL EFQ] HHS e 62
MARS FE WZ=ol AF A|Z7] TSI e, 65
Conditioning phase AJAF Z T weeeerisiiiiiiiii e 67
APR14003} SNUFS] AA] HIZm i 77
Base case /\Elﬁd 27| FEFA e 78
=i xd =] /5‘:]61:4[ (CASE ++rrwrenerrrnnnnet ettt e 79
2O TLZE AJZ] H] T cerevererrersemisesenisti et 36

- Xil -



221 /\Eh‘g E§7]. Z]?Q)ﬂ 601-% /gxé Hc]']ﬂxé]% ................................................... 7
222 SE HAE 93 AP AW A (BFAFY LA E L) T
2.2.3 Facility and Test Qualification Matrix (CSNI) eoeeeeeeeesessseseeesseese 8
224 H7tA ZRA] HF2Al G A (CSNI) ......................................................... 9
3.2.1 13} AFTITIA] o 12
3.2.2 22} ABTITIA] o s 13
3273 /é%;{] ....................................................................................................... 13
324 BT FIIA] s s 14
325 A" ZUY G5 AF BB 16
331 U] D58 GO EJHII TJEIR s, 19
332 Holgw = %7] 34 ) TR I R R 20
333 Holgw=m x7] 3d 2 TR R 20
334 =W €9 dojgua 35 34 ) R R R 21
335 =W €49 dolgua %5 34 (2) weeveemseesenssessn s 21
33.6 =W €9 dojguia ++5 34 (@) o e e 22
337 =2 €49 dHolgulm 5 34 (@) e semssions et 22
338 =W €49 dogua & 3™ (B) e semsessmm st 23
339 =W €49 dojgua ++%5 34 ()RR RS 23
3310 =Y 454 HolguWla ++% 3 7 R 24
3311 =Y 454 HolguWla ++%5 3 ) IR R 24
3312 2 4544 fHolgWla %5 3 ) R 25
3313 2 454 HolgHWla % 3 ) TR s 25
411 SMART PRHRS 7] EEL oot 32
4.1.2 /é]@@-]j] 7Hg]:_11:_ ................................................................................... 33
413 WZAAZ D 2T THHE s 33
414 =323 MARS T = L—_Eil- .......................................................... 35
4.1.5 _%_CQ%%]:@] w}-?: oaﬂgj%ﬁ]zlz MARS 7= 7;");_@51]_ ...................... 36
41.6 54714 & wE XA MARS 2= AXFA L 36
417 M42 Case EA AT} v 37

- xiii -



4.1.8 M82 Case F-ATZ T} crrerrrriririiiieii 37
419 AT Y] LZAAHDAZE AAF o 40
4110 M42 Case AIZFZAT} H] DL oo 41
4111 M82 Case AIZFZA T} H] DL oerererrmmmmmseiiiiii 41
4112 Goodykoontz AlRFA T - Run 1 Cage -weeeeeemseeemeeemmseesmeesneennieans 42
4113 Siddique AIAFA T - Run 20 Cage --weoeeereeremsesssesmeenesnienniianiiiiees 42
4114 Kuhn AAFZE T} - Run 2.1-8 Cage «wreeeremrrmmrremeesnieniiiitiiieiiee 43
4.1.15 Park A|AFZA I} - E13B Cage s-wrrweereeesressrsssesieeniisnitiniiiiicniiaieene 43
4271 CCFL AT FFX] coererrreemmiiiiii s 46
422 AT FZFX| FP LA T e 49
423 CCFL A3 MARS FE S EB| e 49
424 CCFL HFA Al o BEHE oo 50
425 CCFL 22 A] ]fq. ]gg] FHB] ceeeeerneenie 50
42.6 CCFL A A] QFE] BHS| oo 51
427 CCFL YAl Al &9 A& nv|& %fdr ................................................. 51
428 CCFL A Al ZF Bl U] 559 B o 52
429 CCFL Z¥} M1 (D=70mm, ©=0.23°) sweeeeeseesssossimssemssisisiiens 53
4210 CCFL AT} HIIL (D=60mm, ©=0.23°) eweeveeresseossensinesinieninnees 53
4211 CCFL A3} B (D=70mm, ©=0.92°) -eurrseurssomssuessusimieneienees 54
4212 MARS FE W CCFL Subroutine] —-AJ -sreeeeemmemeniiiii. 56
4213 CCFL A3} Hl I (D=70mm, ©=0.23°) wweeeeeemsesssmsssisiisissiiess 57
4214 CCFL A3} H (D=60mm, ©=0.23°) wweeeesersessiusssuiiiisiinss 57
4215 CCFL A3} Hl I (D=70mm, ©=0.92°) wweweesemssesssusssmsimsiisiiess 58
431 PKL II A3AX] FA| B X| T eeereeeeremereemeseiii 63
432 PKL III G1.1 249 RYE 93 MARS FE mED} e 64
433 PKL B2 5 2 RPV GG AZ 7] o, 66
434 PKL %1—3 1;_; LT 7;]]%7] .................................................................... 66
435 Test phase° %ZJFXH ;(H_,—l%]: ]j]_]‘_]_]_ ...................................................... 68
436 YAZ AE 9 231= Z7)A 7] QFE] B]IL e 70
437 =4 ST &= H] 1L ceeeeennneeenee e 70
438 Z=7]4A 7] %;,\1:1_9] BEr=5e Eﬂig} =] IR A TP TP P PP PP PP PPPRRRRRPPPS 72
439 .vég:_ CQ:rL.Hﬂ__g] %_/}_ }_g_E Eﬂii]_ l:l]jl_ ................................................. 72

- Xiv -



4471 SNUF ZZFIE cooeeoiiii e 80
442 SNUF 9AZ 87] I e 80
443 SNUF YAZ 87] THHID e 81
4.4.4 SNUF A FGE GLA] s 81
445 7F5H TFAIFE AFZ] e 82
4.4.6 SNUF A= AJZSE] oo 82
447 SNUF9] t3F MARS T E L E Bl v 87
4.4.8 SNUF 23 AX] 9] TFEhEL cooremm 88
449 MARS FZE= Ao A FAFSE TFhE s 88
4410 7] CASE2] U}= QFE cevcevceeen o NN ..............cocvecenne 89
4411 7)E CASEQ] ZFEEEL Z29] i 89
44712 7] CASEL] Al Z29] wrremermremeiiseiissistintinsi st 90
4413 SNUF F-ATQ] J)IE G oovereererereseseninin 90
4414 Bl CASES] UXAE QB s 91
4415 Bl CASEL] LAl G soeerrererremremtmniiniiniiiiiittii i 91
4.4.16 Bl YCASE2] Zidadial ol oo . /- -+ coooeoeoeescrscncsessens 9
4417 S2 CASES] UZJA T QFT coereermiii i 9
4418 S2 CASEQ] ZFEE Q] o 93
4419 S2 CASEQ] LAl G crerrermrrememmrniieiiniiiiii o3

_XV_



A A

s

=AAg AT gL T

Els

i

4

o
k5] 9tk MARS Z =& 1998W o] MARS 1.39]

A1
=

Ho

FAREE ZERA U 7}

L
.

FHAG ©]

m, A MARSKS 2.087}

o

SMART®]

7, =

3

LS

B4 o]},

she

el
Hln

B

T
i+
B

ol
TR

= olv] x4 @

EolA

= ojst

of AR ALEHA

#
w}

ol R
No

pul

i

=y
i

o

o)
i
ot

<
B

el

[
W

W

2]

A 7HA]
=

olg AsAE

| A=e ddelq.

0
w

AAA T E A=

e

=
=

£ 0]

= No
w
~
Byl
el M
n
L
D <
o =
v g
oy o
o o
e
ﬂ ~
™
Yy
- 0
T E
;OL
L
X o
™
To -
ﬂ 3
oo
Y
a7
S
W o
o
N gm
ot
"N
wy B
o
>R
m N
fi'e)
<L

o] & HAE Ftd A=A

1) MARS

ot

O MARS 3=

)

ek

= (% 3270

olema 7

ﬂnﬂo

3) MARS Z= H7} 2 /A (F 470

N

O SET 439 1: Hl&

7}

3

3

ek Aba

+ DVI

k<)
pud

O IET A3 2: SNUF 2438 #AXE o] &



ol
~ WE
)
- quLwﬁNE
a7 lr
_.IA MM Mwlnaﬁa_.%ﬂ
M_”_ = E@OAT%_@WMWEE
K0 ~ wﬂ@zaLMa%A ol
Al _ uowﬁzuwﬂ:w%7@ Fum
< i E_Eﬁﬂfv%igtwﬂ ﬂofﬁﬂo
_ XH il ML ;owﬂ HOM X ) T e %1
ol —_ ie%n O#qu ~ o Soges
— X . 75017@@,3@ 7mﬂﬂoe._ _z,ma
<M REO_E HmEATﬂ;o nn,mm;uo:.meﬂuml
%0 Aiﬁﬂ.1ﬂ s = o & =
x @acm%wwmf ﬂqmmmﬂ%%%w%
0 o &rmmiﬂﬁ@u:mﬁ amﬂilgu o E
A 2 oo ﬁﬂzamdrﬁo?xd%oaﬁ@.%.
< ﬂaoSmmﬂ uLALl]rNrﬂa%au EAT <
_ ,_R%J'L.ﬂru._MouzoLuT,_adEL ul
] ol SA _xé1 of ° l B ého hﬁé
_ Y O = T R o I ! F 4 o 3 ~
3 aymiqéoaa@%gaAqum;
T ﬂm_xﬂ urmﬁgof@..gzx}%%ﬂﬁ7&A%
%) H ﬂllntdw]ﬂaf Aewa.urufux_,ﬂy,ma :L&oML
7@]@ P L_EwrﬂoL Hﬂ]q o
oC E auﬁo oﬂ.ﬁﬁL@uaﬂxﬁmﬂx} ::ﬂqwﬂxﬁmx&o
< T é1n7ﬁﬁecL.é%ma,/ﬂaPMMEﬂﬁAwﬁiqﬁ
= 1 o_xﬁm_ g W Sﬁ}zzmkurmﬂ gé
,mw_vc]] xﬂvlﬂ lo #o‘f7u1_ X ,._.,Dro:i
L % ¢ium@%fwmmﬂi¢ ﬂagwmag
_Ao < ae%mpexﬁﬂu@LAﬁT%EuﬂoéﬂruT&l o_mﬂwﬂj./mm_l
~ JM o0 HIC, 3 = 9 e cI6 X ©
= W;qgwqwmm;%qtqzyﬁqAai
3 - %wrmﬂé#qjmysz.ﬂwﬂzT.MﬂﬁAM

X :m%% %wbﬂmﬂ»PoqufoEoﬂﬂoo
_,ﬂ e d.u,oy,7iﬁujllx]xj|}o ﬂraﬁ%ﬂ

— . ?E_} Aw}ézémawqu
T ZIXEO_ _O,UI.Z #ozllx qLﬁﬁEZoo{

— LEI] % HL xr ~ ‘olﬁo o ~ -

3 o ﬂ;.u Aﬂvﬂan_/_.ﬂﬂzoﬂnzoaLﬁqmﬂg
.._0:_._1_! QXE%O;O ~ ‘En_if Wf] Oﬂno,lyu
aww@%WEAWQH1L1 wkw%m
%@O¢OE%qQQﬂwﬂmeoqa

ﬂﬂl]ﬁ\e]ﬁﬁﬂu Ll]ﬂrwAHODA
qu L.O ]1.; —_ O#O }%E‘mv
@U]US_HE AT_/BL\.:,._OLO‘L;‘I__/F ,IM
z%mﬂig;mﬁﬂ:_mﬂowt%
Mwmwfﬂﬁfmﬂaw g}owi
x}%mmfrfﬂcﬂoxq

o mﬁmetxwmﬁ@mmmm

o s ® T o a0 °

Emvﬁé EL_E

o f,._ W ol — o EO

| ~

Eg%%ﬂﬁo
Lﬂawum,q_ma

__OL‘UI.Z!

o



37} A

of thak %

44

5 959

el

a9 2210014}

Aol M=

=

il

Hip

il
=
'~
.

N

Tor

AARAE A

3

APL B %

P 2Ear o Al

47}s
=
T

Y2

jai]
=

%

A2 A

3

§BoEA 3

245

A

7F A

3

&
==

FFozn, o

P
A

&

gt

7P edE

3

DE

z:gl_

3}
ol

golel e 4

44

?l_

of W&ol o

A=
=

—_
file)

5‘-}

7kl A

3

D

719} B¥Eo] MARS Z=

3

gl B3 %

g

=l

B=
HH
T
1

0

on

ot

MARS 7=

7. = A

, 2006].

sl

47

ETR

A, 2004;

PN
=

7]

o

ofn

1o°
No

U

H

‘W,.O

ot
<
T

-
il

AN
£}

wK

A 1= 2229 Zo] 1

APl s

&5 =

= 7t A}

Jg

A Akl Qe 2E]ar

e]
Uo

i

4

\

»AO

b A A

Fol 2 Ao,

S|

3

i

3

;OU.
r!

)

b

=

Gl

o 2 Al A A

=

g UHES 7

J
=

~

43

il
Njo

4 n

7E ARA, 7154 T4 F
AU X (Accuracy), ¥17HE(Sensitivity), WHE = (Repeatability) 5 <]

;:-_]__

=1
=

_]

A

0

]

o

ar

3

= Al

2

S EED!

.z_ I

Hjo

=3
o



c

=

= . N
Ed. H

R Mwn 9T T
P o ) m%Wﬁa
oo N PR £ = T I T
w K <V ™ T X T o

M R o o o oy
Njo wr 5% o T T T o S )

n r —~ X X UEH]E ~yry iy
5 % =& FEEEL T 2 o 8
- I aagfﬂ_:u]ﬂ@_]ﬂ Gl Aulgﬂ
v N = Njo n_tu%muqumﬂn__/u S T
5 > 5 T AL © D 5 b

5 2 1E1q1a4g51 ) BB
—_ W o — 5 AA]A o% H ! o}
oo n K3 0 Y oo o <V T S A o ] M T N
w b 63 fré%wr_%zz% = sﬂz% aﬁ zﬂr%c_.
B = o %_z%% ia}gx T s B w}zﬂ;ﬁ_qa‘m
e = A ﬂMﬂ ) H o q_nyl o»\;bnmo M s FoL | T .J||
No X ] o o % el N X ™ = < X : F ) QLJ o < o
oy X — .o_eoﬂeL._.ﬁoo»E_elr.zu_.iL LlLﬂ dim 1o ﬁxﬁ ajo Sl
< Wﬂ,_ﬂyl_ﬂowtu ?ﬂ.%‘ﬂr,ﬁjﬂ Jwvduxmﬂﬁmtbtﬂ,ﬁmo_u%mov <
Gl L s < T s W 7 \ooﬂeTzTeHJﬂ i <
Ko o 2 & N 7 o NN g <o _ T 2 o
- mlrﬁ o o T Z - om - = o - ) ) dlo W = J pﬂ% T U o 4 ) o
W P W wudﬁgﬁgﬂo@ﬁgwim@ OEAHATL@@:_@ v oTE
o g@@mgmgﬁouﬂ#ﬂ%d%c mogcﬁmm;;o&;em@ i
G T M o 3 ] vilk:y o No ) o = B i = ez I 7 o o
w do Ry ofquﬁ;oqu&zgﬂmogoﬂxita: o ®
i+ oF mﬁﬂcfOMOAﬂi}wueﬁi&#Tﬂurmﬂw_cﬂﬂaaemmufﬂﬁ% o X
B Ko 11ﬂ501m£»ﬁeyu7€zuw§ :LmoﬂPﬁromﬂﬂx T J__ov
T Ui.Zu )A‘:Ijvl CLUFWZS EEEJI ]711121.! ,L:LLIUTH_AIE X
o o) T P o ol FJEW__LI X Xﬂozo 7ur_ﬁqﬂ nn_ E.u,__q
i AP % BT iy e g ] xEET
J.Jl z_._._._,UI_ZD </ i) rL] L o e ‘q\JIILC f) EEO Q] oF T o) ..# o
F i X N MonucaToEﬂV;)h&c z 8 ooy = T
i X wMzin_Ahﬂﬂr.Jl1é1rﬂﬁﬂm1rWJx :oﬂaurm@.uﬁ_/i].]ga 2=
IS E_Ll X ﬂrnmé_: < ~ 2 ..F,gk ~ e 6d|1_l é
To- X r el ) i b = = y S — 0 100 oy il oF ) S iy § &
T 1e1ro# oro»E._T ~ o#a_u 11_,|L.Zol J.O]ﬂomal =

.1_l ;oo\nrﬂﬂ_x;o 1T OE,.@I] ‘nw_AIEvOL\IdIﬁ 0 o5 MA_.On/_L.O ..mmJ)Al
,Ur7 KR ﬁﬁﬂomuﬁ%ﬁ _Slime nmobé_]r,mo o) a_.e_axﬁ\vdlﬂoﬂ S
wxﬁo o N Wyoﬂhan __oﬂ,mutgom %éﬂo iﬁffr > < . mmo
B HE_Eémﬂiaeun@%ﬂHr - Lfﬁxﬁé}%éo_emE%@ z
o 115L Lﬂol} ;ouﬂzﬁ1151 o ) gA1r1 2
= @ Vuxcégzwﬂﬁzx%%P%]muu OTVT%Ml,ymﬁAUhé.I%
s = x%ﬁmq% Njo ;.ovoi: wag:% T -
~m < o B ?EE_E ﬂuoﬂe E_Edrmuu nzqga g L Eurmﬁr Yﬂ%ﬁ,%b

E ifiu;eﬂ K m?;; B g XK Ny _L@}cm_x
O#EHE T = LIEEOW\._.L.JE UrN\olAEOMﬂg o»ﬂioeen_ie =)
o = o0 %%Mer@mHé%%iﬂdL%s lﬂ?amﬁ go,rmwr_ﬂEomNH
o T v wﬁ_zoopuw;mrmo?l@%&@o mw.ﬁ%@rm%wm%.c%mr __Ahrmﬂa

~+ éu._mJ%Pﬂ H._dﬂz ﬂrmﬂhOa Efma] Pm}JWH]Yz
wwu%EM@HIﬂMELHAZﬂﬂLoﬂnMn@o m__b.,%uoﬂa}
S 3 0M7é§w17£1mﬂn m,,HmoLm xATﬂAAQLE_EﬁW
N X o) (<o) E.u Pl — = T 0 o = 4 = Ho f ] 70
o e 1.50» XoeHdﬂ ,obogej,uﬁ.l LlH._ 2

oy il — ¥ /L\DMO = al] £ = R o g ‘_ll.”__o‘._. o
e o T w§ﬁwm uggm%%ﬂ%m@
oaﬂg]gﬁommwkﬂlwﬂ@Eu%mﬂo@ne

zoz_oo1_/r A1mq_w7%/Dzo1rolﬂmﬂu m_v.,oo
fﬂ@LO%EOM(EhEAUHLHTE z 2

W 3 ~ | fase Hr = ol o oy £
eyl HgEilE] .ln oE ...h__o

= }Ozﬁ__]dlaoﬂ\n_tul@%m
W % 5 Qe RO N o Mg I

,_ox_] ! A_/A‘q ﬂ»‘_no

~ N o ﬂ__HI O\.ﬂm_ul
d.ﬂ@lmuﬁgo]%ﬁ,@\ﬂw
e ~
W mEMigEMuum
ﬂ.../uq_ﬂﬂpl&oS7
P =
ﬂ



—

_—AU

BN

O

A

B

‘_._m_wo

=K

a9 2249 2

of
o

To-

b

°

2o, CSNI9 =4 BZE FEAeo Y&S JUE A&

o] A|Als}

FSA T

J

248

el

oo
-

o

‘_llyl

4
0

)
~
fie)
0

N
]

= v

A2 A

Al &)
=

=
AR AR A

o

bdet. -
49

°

3

7he] ARES v o2 MARS

15
S|
=

Z

tel 6571 9

€

9

Bl
A1} 2ol

&

i

3
pul

A

z=

5

oUe F4 B

‘1o

)

A
)
o
N
wK
T
N
!
<

~

;oL
3!

B

—_
o

KO

L
.

2

°©

7}

o
Fully Satisfied (+), Partially Satisfied (0), Not Satisfied (-), Not Applicable

]

Ryz

SHA

S

b

0.
H

A3 7740l

}

°
pud

7}3
g]

3
J

<

B4 2
g %
ek

|
=
N8’ 9]
A

QU
T

5]

H A
24 oM FH

3
‘28
Al

E’jl,}
i=d}
=

7159 o

g

T

=]
1A A
S

5

S|

Al

=02
DSk
I
=

=
T
o

jaxe)

2)
ol

juse)

12)

o

I
file)
ﬂmwo

ol

ol

+

o

R

—_
o

=
1o

o g3
b o,

0]
R
A=

[ i A1 ey A

213

7}

3

3
7 el o
=24

I

fe1e)
=

/\g~

.‘lﬂ
;__|:

e

j

A B
ol
=

A}
2}
s

7HA

°

o

3

of

R
A9

H= A A Ay

7R} 7}

3

% MARS

T

E

[e)]
Py .
~| =&
HZF
A

19 Abg AmA A

=

a7 A

R

€ 4

Nlo
@

i

1}, MARS =

MARS



ol 7] wiell, F7A7E 74 =0 oulE AgstA spotete] dde Hrshed)
Haol Ak A3 H7E QA9 2uE 85 98t CSNI9| 243 H7h 44 24
QL 1™ 2249 dAje} Zo] HRAME AAdsalth & Aol A" A9 B7F AHA
AR AT F5 A2 o AAE it rbE= AP AEe &8 e %

A7y ARAE el A8k Adshe Ao] dast

AT A M= A Ad9, T4, sk 2R ?:}5101 A= AR o] oy
@ BHoz WAHEAS /&y, A% B ANA Wen 7 Fue) Pob B
A WA Amekn Aok e 7 AR A AXskE Bk Eel hsl TAD e
2 AWste, 49 #H7EA7E AR o= st Hrtd ¢ A=E el aga A
BAolM = TET9F SET A9, A3 H=/de) 49 59 7 weby AF 71E
gEo A AAste Y =7t 254 9l 4 JormZ, o tid IE F0]7]
A3 s A5l digt dAE AAsEaL ok ESE Fully Satisfied (+), Partially

Satisfied (0), Not Satisfied (-) < o] F7tAte] o&) d#F JA FIE & A=EE
Z+ A s B2 ol gk AWS st

B AToA AME MARS ZE B8 48 44 AAG AS ARAE G 2
Z 49e 5o 2aA 54 2 n9S Fo FHES B9

A AAZE oA 4P Adstel 4 Bt AIAE 3
TN 5 3 3 2 AggEsh e
el 9L A2 dastel 49 Bk AP AYsAt 49 Bk AVAE AW
et AP B, FRAAG FLEJL R G 4% AAST, Bad AF 3T
2 Fhstgnh aElm ASAWAY WEo] HasA 2ol AR B W BB
BEES £4dE 498 sA5AY

S oaAzE B A9 Wk AAS ASERA] A4S s Fustdd TR =
A ARE olgdtel 484 Brldgnh TS 24 ARNE 4E Bt AUME A
7] 98 WU ohe Eel FYE YR 2P B AR TFAD 9
o oz olgdld B AToA ALE MARS ZE AEE 4% 4% AAAT pE
APl oM BAACE HEF F AT FStL, 24 ARAN FrhHold A%
ste] Wla £AE 3 Y= =k

A MAZE AEE AY Wk AP AEAPA talA Fhe) ARt AL
e AYe ool £Ust 9549 APL Wsted 4 FBY BF 9 /20| AY
B olne PESAT

A9 B ARAS ASATA Y FHEE Eol7] 97 99 AAX AM Ade 5

R L A FRE 9 BHPe B AEHA

g
S} ALgABAE SR



NI}
NN ;
TN W gy v moi= satsnmna ) m®

H 2I10] AHRS =6l AIE A s:a*zg)

a8 221 A8 Hrt AHA g5 DA W

rht

1. d9AE
2. 439 g

. 2499 23
g9 N4el g8 47 (A9 A4 44 A AR 7
3wy, 23 A%, AF A6, AE Fol4 §)

3. 49

L
- Fa wee 43

ELEE

. F8 &3 W7 MR 4 e AW oF

Xl

Hom N

4. 249 3% =9

2o Aol W AY AREH ool e 2JH 43




MAIN FIELDS OF QUALIFICATION TERMS OF THE MATRIY

Qualification of

Facility Test

Desizn (mcluding scalmg)
Construction

Operation

Use in Infemational Framework

Perzonnel Qualification

REPRESENTATIVITY
Secaling T 4
(Facility and Test)

Parameter Range

Counterpart Test or Somuler Test in ITF

Bowndary

Conditions « I 3

Fuel Pm Sinmlation

Description TF 2

QUALITY OF DATA

Facility
Instrumentation

Data Acqusitien System
Boundary Condition

(Data Baze) T 2
Data proc

Time Trends

Arcluving

Doomrentation T 3

Evaluation of Data
Quanaficaton of Emors

CHALLENGE TF &
(Bridge to Code) Modelling

Representation of Physical Phenomens

Nimencs

Other (e.g. sensitivity to user effects)

+ Fully Satisfied - Not Sagsfied * T:Relates to Test
o Pardally Satsfisd / Not Appheabls

719 2.2.3 Facility and Test Qualification Matrix (CSNI)

F: Belates to Facility

x Numbers refer to criteria from mandate

» Exanmples




4.1.2.4  Quality of Data: The Database

Description of Facility:

All of the components of the facility must be described. Detailed drawings of all the components
including dimensions should be provided; preferably such drawings are made to scale. Matenals utilized
for each component should be identified. Information on how each component was manufactured or
assembled, should be included. Quantities of obvious interest to code validation such as volumes. flow
areas, pressure drops, pump performance, etc. should be determined and provided. Information and
drawings describing in detail how and where mstnumentation i1s mounted, must be provided. The
procedure followed in preparing for and carrving out the test must be described in detail. The sequence
and chronology of test operations and control should be included for both the desired and actually
achieved actions.

Description of Instrumentation:

A list of all mstrumentation should be provided that includes the assigned sensor designation, type of
physical variable measured, type of sensor, range or limit of measurement, general location in the facility,
and precise location coordinates. The measurement errors must be quantified for each sensor. For each
sensor, mformation should be provided identifying the manufacturer, design or configuration and working
principle of the instrument if 1t 1s not a common type of sensor, as well as a detailed description and
drawings of how it 1s mstalled or mounted in the facility.

Description of Data Acquisition System:

The description should include data acquisition hardware and the sampling rate for the various sets of
channels. A list of all data channels should be provided identifying the assigned data channel as well as
the mput sensor/signal or calculated quantity derived from two or more sensor measurements. Errors
assoctated with the data acquisition system should be quantified.

Description of Boundary Conditions:

All of the desired boundary conditions and the approaches followed in attempting to achieve or
approximate them must be described. For some tvpes of boundary conditions such as heat sources, this
mcludes detailed mnformation about the design/configuration of the relevant portion of the facility (e g,
fuel rod simulators) that might bear upon the conditions actually attained during the test. The degree to
which the desired boundary conditions were achieved or not achieved should be discussed.

Data Processing: Time Trends:

The procedure used to convert raw data mfo the presented test results must be described. Information on
how sensor output voltages were converted into physical variables must be provided. Any data filtering.
smoothing, fitting, etc. carmmed out must be discussed mn detail. The procedures emploved should not
introduce significant uncertainties mnto the results or cause the results to be misleading.

Data Processing: Archiving:

Raw data should be permanently mamtamed such a way that they remain available for a possible future
reprocessing. Object of consideration 1s whether the archival medium or format 1s likely to become
obsolete the way that data will cease to be accessible in a practical sense.

2% 224 §7A A4 ¥ 24 (CSNI)
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e DIRAXIEIOITA

Korea Atomic Energy Research Institue

R&D Program Overview | MARS | T/HDataBank | MARS Users Group | MARS Development Team | HOME

Thermal-Hydraulic System Analysis Code Development
Program of KAERI

MARS

MARS Users Group (MUG)

Domestic WARS Tsers Group

DATA BANK TEST

TH Data Bank

T/H Ezperimental Data Base for Code V&V

19 332 HolHWA x27] 34 (1)

R&D Program Overview | MARS | T/H DataBank

ol DrRAUXRIO A

Korea Atomic Energy Research Institue

MARS Users Group | MARS Development Team | HOME
Thermal-Hydraulic Data Bank

E AERI Thertmal-Hydraulic Data Bank has been constructed for the unified operation and maintenance of thermal-hydraulic
data base available in . ABERT The data banl provides the experimental data base for

@ Venfication & Validation of the code and code modelsfcorrelations through code assessments
9@ TUnderstanding of therrmal-hydraulic phenotnena
9 Planning and performance of thermal-hydraulic experiments

E AFRIT/H Data Bank consists of USHEC ENCOTNTEE. and CECDMIEA C3MNI Cade Validation Matrix data bases
and the others that have been gathered in K AFRT through mternational and domestic cooperations. K AERT will supplement
the data basze as the new expenmental test results will be generated m L AEERT and the new data base will be obtamed.
FARR] welcames the contribution af T/ data base from domestic orgarizations jor LAERs unified mainienance.

T/H Data Banle is now open to MARS Users Group Members for better utilization of accumulated TVH data base. MARS
Users can access the data base through a proper authentication process and download the data through Web, User
identification is given to the representatives of a MARS Tsers Group Metmber Organizations. For getting the fiwther
information on authentication, please contact Dr. B.D. Chung,

Entering T/H Data Bank (Download or Data View)

Domestic University Data Bank oovnioad o pata view

Oy 333 dolEHWa x7] 34 (2)
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ol SHEUXEICIA

v, Korea Atomic Energy Research Institue
Back to Data Bank Home
Search and Download KAERT T/H Data Bank

DOMESTIC Thermal / Hydraulic Experimental DATABANK

University Databank
Professor - (xoon-Cherl Park
SNU
Frofeszor : Kune-Yull Suh
POSTECH Frofeszor: Moo-Hwan Kim
Professor : Soon-Heung Chang
KAIST
Professor : Hee-Cheon No
KHU Professor : Sang-Nyung Kim
HDU Professor : Jae-Young Lee

Back

19 334 S EE HoHWA 75 3% (1)

Jos SrTQUX EIIA

Korea Atomic Energy Research Institue

Back to Data Bank Home  Bacl to Top List

Search and Dovwnload KAERT T/H Data Bank

Nuclear Thermal Hydraulic Engineering Laboratory in SNU (Seoul National University)
Professor: Goon-Cherl Park

X An Experimental Study on Natural Circulation in a UTSG PWR 1994
Experiment 2 Return Momentum Effect on Water Level Distribution during Mid-loop Operations 1995
Experiment 3 An Experimental Study on the Mass Release for a Hot Leg Break LBLOCA in Post Blowdowm 1996
Experiment 4 MMeasurement of Two-Phase Flow Parameters in the Subcooled Roiling 1996
Experiment § A Study on the Evaporative Heat Transfer Coefficient in PCCS 1997
Experiment & A Study on Local Flow Structure of Subcooled Boiling in Vertical and Inclined Anmuli 2000
sty ﬁ!:;p;rg’ir;eoll"lrtu:alne:Engejszrl;r;?:;e;n::il;;ﬂ:hemal Hydraulic System Code to Predict Core Coolant Inventory 2004
Experiment 8 Condensation Heat Transfer in the Pr. of IV, d ble Gas at High Pressure 2007
Experiment 9 Experimental Study on Interfacial Heat Transfer of Bubhble Cond tion in Subcooled Boiling Flow 2007

Experiment 10 An Experiment and Analytical Study for a DVI Line Break LOCA in the Advanced Power Reactor 14000We 2008

Back

aY 335 I €59 dolHWa % 34 (2)
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Jog SrRAX|EIOIDA

@/~ Korea Atomic Energy Research Institue

Back to Data Bank Home  Back to Top List

Search and Download KAERT T/H Data Bank

DATABANK/SNU

An Experimental and Analytical Study for a DVI Line Break LOCA in the Advanced Power
Reactor 1400 MWe

The transient thermal-hydraulic phenomena of a DVI (Direct Vessel Injection) line break LOCA (Loss-of-Coolant Accident) in pressurized
water reactor, APR1400 (Advanced Power Reactor 1400 MWe), were investigated. In order to understand the phenomena during the LOCA
fransient, a reduced-height and reduced-pressure integral loop test facility, the SNUF (Seoul National University Facility), was constructed with
scaling down the prototype.

The experimental results showed that the phenomenon of the downcomer seal clearing played a dominant role in the reduction of the system
pressure and the recovery of the coolant level in the core. That phenomenon occurred when the steam incoming from cold legs penetrated the
coolant in the upper downcomer toward the broken DVI line. The test conditions such as the thermal power, the SI (Safety Injection) flow
rate, the SI temperature, and the break area can affect the major thermal hydraulic phenomenon significantly in the accident. Accordingly,
additional 7 test cases under varied test were carried out for estimating the influence of the each parameter. From the experimental results, the
primary system pressure, the coolant temperature, and the occurrence time of the downcomer seal clearing were affected significantly by the
thermal power in the core and the SI flow rate. The break area played a dominant role in the vent of the steam.

EXPERIMENT APPARATUS / CONDITION
TEST SECTION
TEST MATRTY

REPORT

a9 336 3 Y dHelH#®A 75 3 (3)

DATABANK/SNU

EXPERIMENT APPARATUS / CONDITIONS

Experiment Apparats Experiment Conditions
Table 1. Test Conditions of Base Case
Parameters Values Descriptions
Test time [s]
Starting 3t 0 s To apply lower
Initial primary system pressure after break thermal pover
[P 06 113
Initial eoclant texperatuze [°C] 158 (Pressure ratin)
158
fl.“}‘:ilnj““dmyn:%“}m‘“’e el 10(0-608) | Applyingen integpated
power 70 {6l - 300 5) walue (3 steps)
) 60 (300~ 500 5}
HPSI flow rate [lkgis] g ﬁ Applmv:l"m‘““gm‘i
SIT flow rats [kgk] e
g 1. — Sl temperate [*C] 0000177 Henry Fauske
Baoken DVI area [zed] critical flow madel
Fig 1 Photograph of SNUF 0 Cleitering the
Dischargs cosfficient streamline contraction

Tahle 2. Variation of Test Condition of each Sensitivity Case

Case Varied
el Case name ot Values
P1 The integated power Fower 0 KW (0 - 5005)
W (0 - 605
2 The reduced power Fower 0 (60 ~ 300 5)
30 K (300 - 500 £
Bl The wdweed beakwes | Baoken DViaea 0000078 1?
B2 The eitorded breck LD of D¥1 lns 177
position
HESI flow rate 007 1gs
S1 | The wdued St powrmate | LI oo aas
SIT flow rete 032 kg
92| TheiormedSIfownte | 1 S0wrle D
53 The ?‘%‘E‘;Impm‘“’e SI Teraperatmne 5460
Fig 2 Schematics of SNUF of the S water

a9 337 3l E9 HelHWA 7F 3 (4)
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el SrRMXIRITA

- v Korea Atomic Energy Research Institue

Back to Data Banlt Home  Back te Top List

Search and Download KAERT T/H Data Bank

DATABANK/SNU
TEST SECTION
- u] q’)
) Loop 1 o L " Loop 2
______‘" 4 56 1 Vessel
© -
o  ©
. ok
N o m—
Y *.___ Inta o= +—-) . ?
Fig 1 Plan View of SITUTF Fig 2 Instrumentation systemn of SMNTUF

Back

2% 338 ] d59 deolEWa 75 34 (5)

o DrRAXIEATA

- ea Atomic Energy Research Institue

Back t Home Back to Top List

Search and Download KAERT T/H Data Bank
DATABANK/SNU

TEST MATRIX / RAW DATA

Base
Download View
P1
Download View
P2
Dovwnload View
B1
Download View
B2
Download View
S1
Download View
82
Download View

53
Dovmnload View

Y 339 3l d<9 HelHWA F 3 (6)
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Time CoreTenpl CoreTenp2CoreTenp3CoreTempdCoreTenpS0therTenpl OtherTemp2 OtherTenp3 OtherTenpd OtherTemps
o 155, 58282151 . 18649154, 83449157, 60893157, 9088 159.481 157.60493157,. 60493159, 3757 158, 1373 157, 66466156.39739149, 21872149, 35087149, 44179
0.5 156, 4946 151, 48993157, 26631 158, 42152158, 51705160, 69851 157, 90914157, 90914159, 07129159, 05024157, 96884 157, 00563149, 21872149, 04772149, 74497
2,183 156, 17303151, 16891 157, 24869158, 09966158, 195281 60. 68087157, 89152157, 89152159, 05366159, 03261 157, 95121 156, 68387149, 50434149, 3333 149.72739
2.5 156,52984151 . 82857157, 30155158, 15255158, 5523 161.03825157, 94439158, 24864158, 80218159, 0855 158, 00409157, 04087149, 55705149, 38601 149, 78011
3 156.4946 151.7934 157.57043158, 11729158, 51705161, 00296158, 21339158, 21339159, 07129159, 35461 157, 96884 156, 70149149, 52191 149, 35087149, 74497
3.5 156, 78098151 . 47234157, 85696158, 09966159, 10778160, 98532158, 50003158, 80433159, 66249159, 03261 158, 55966 157.29218149, 50434149, 93971 149, 42421
B.2le 156, 78098151 . 47234157, 85696158, 40389158, 80358 1 60. 98532158, 80433158, 50003159, 66249158, 72826158, 25542157.29218149, 50434149, 63649149, 42421
5.5 156.7986 151, 48993157, 87458158, 42152159, 12541 161.30744159, 12629158, 82195159, 68013159, 35461 158, 27305157, 00563149, 52191 149, 65406149, 44179
E 15710262151, 7934 157.87458158, 72577159, 12541 161, 30744158, 82196159, 12629159, 98459159, 96344158, 57729157.614  149,52191 149, 65406149, 44179
BE.5 157, 40868151, 7934 158, 17876159, 03005159, 7339 161.61194189, 12629159, 43065160, 89514159, 65901 159, 18586157, 91823149, 52191 149, 65406149, 44179
8.166 157.72839151 . 50751 158.5006 159,352 159, 44728161.62959159, 44829159, 445829160, 91578159, 67665159, 20349157, 93586149, 23629149, 67163149, 45935
8.5 157, 38906151, 77581 158, 46535159, 01242159, 71626161, 89882159, 10866160, 021582161, 18506159, 9458 159, 16823158.20487148,898  149,63649149, 42421
g 157.69314151 . 47234158, 76959159, 62107159, 71626161, 89882159, 10866159, 41302160, 88049159, 64138159, 47255158, 20487149, 20115149, 3333 149, 42421
9.5 158, 31903153, 00764158, 78722160, 24748160, 9512 162.22103160, 03946160, 03946161, 50731 160, 57239159, 79454158, 83111149, 21872149, 35087149, 13864
11,1658 158,01488152, 70402158, 78722160, 24748160, 3425 162, 22103160, 34391 160, 03946161, 81193160, 57239159, 79454158, 83111 149, 21872149, 35087149, 44179
1.5 158, 01488153, 00764158, 78722160, 85636160, 64684 | 62, 52561 160, 03946160, 03946161, 81193160, 57239160, 09893158, 83111149, 21872149, 35087149, 74497
12 158, 35429153, 34648158, 82248160, BI165160, 98643 1 62. 86552160, 68366160, 68366 161. 84723160, 91218160, 13421 163, 17073148, 9507 149, 38601 149. 78011
12.5 158, 92742154, 22244159, 70012161, 46535161 . 56002163, 43951 160, 95288161 . 25741 162, 42126161, 48601 161, 01225159, 43984149, 82514148, 13851 149, 74497
14,182  158,50979154, 20484159, 98684161, 44771 161, 54238163, 421685160, 63074161 . 23977162, 40361 161, 46836160, 63014159, 11783149, 80757148, 12095143, 42421
14.5 159, 23165154, 22244160, 00447161, 16084 161 . 56002163, 13485161, 25741 161, 25741 162, 42126161, 48601 160, 70779159, 43984149, 21872148, 13851 149, 74497
15 159.53592154, 52623160, 00447161 , 46535161 . B6447163. 43951 161, 25741 161, 56197162, 42126161, 79061 160, 70779159, 74425148, 91557148, 13851149, 74497
15.5 160.1269 155, 11629160.29122162,0568 162, 4558 163.72653161. 54432161, 54432163, 31 779162, 38222160, 93461 160. 03105152, 23472147, 2121 148,72739
17,262  159,B84021155,1339 160.308686162, 07445162, 47345163, 74418161, 25741 161 . B6655163. 0307 162, 09523161, 01225160, 04869152, 25231 147, 83552149, 74497
17.5 159.87549155, 16912160, 64855162, 10975162, 50875163, 7795 161, 59726161, 59726163, 37076162, 13052161, 04754 160. 08396152, 28749147, 56768149, 78011
18 160, 14464155, 1339 160.61327161, 76859162, 47345163, 74418161, 66197161 . 56197163, 33545162, 38957161 . 01225160, 35315162, 55657146, 82676148, 74457
18.5 168.84021 155, 43775158, 39578161 , 46536161 . 66447163, 74419160, 85285161 . 56197163, 33545162, 70455160, 70773163, 74425160, 73605144, 85728145, 74457
20,219 169.84021 165, 74171 168.70012161 . 46535162, 168595163, 744158160, 85286161 . 56197163, 33545162, 70465160, 70775158, 74425150, 43171 149, 85723150, 04518
20,439 159.84021 165, 74171 158.09148161, 46535162, 168595163, 134665160, 85286161 . 56197163.0307 162, 39387160, 70778160, 045658150, 43171 149, 85723150, 04518
21 168.84021 155, 43778158, 091458161, 46536162, 16895163, 74419161, 25741 161, 25741 163, 0307 162, 70455160, 70773163, TA425160, 12841 149, 65406145, 74457
21,439  1659.85786154, 84765155, 41342161, 17648161 . 57767163, 1625 160, 66602160, 56602 162, 43851 159, 85108160, 42095158, 45747150, 14535145, 12734 150, 06576
23,227  159.65366165, 165151165, 41342161 . 17648161 . 57767163, 1625 160, 66602160, 87052 162, 153423160, 25554 1600, 42095 155, 457471449, 84271 145, 12734 150, 06576
23.5 168.57119155, 16912153, 73538161 . 18613161 . 53531 163. 17016160, 68366160, 9551 7162, 45656160, 303158160, 13421 163, 476511160, 16356144, 84283150, 08333
24 169.53592155. 1339 153.39579160. 65636161 . 56002 163. 153485160, 64835160, 64535162, 42125159, 96344160, 038931539, 74425149, 82514144, 80752150. 04518
24.5 169.21402154. 81244153, 93664 160. 22354 160, 93356 1 62. 61 257160, 021582160, 32627 162. 40361 161 . 46836160, 08123153, 11763150, 11083144, 73029143, 72733
26,235 159.24529154 54383159. 71775160, 2651 2160, 95585162, 84767160, 0571 160. 536154162, 74362161 . 680825159, 61218159, 15303150, 14535144, 62536143, 45335
26.5 166, 92742154. 63005 160. 00447160, 24748160, 9512 16283022160, 03346160, 34391 162, 42126161 . 48601 159, 79454153, 15546150, 126841 145, 41503143, 44173
27 166, 92742154, 52623 160. 00447160, 24748160, 54664 1 62. 52561 160. 03346160, 03345162, 42125161 . 48601 159, 73454 156. 83111150, 43171 146. 01641 143. 44173
27.5 166, 62321 154, 52623158, 482968159, 94308160, 54664 162. 22103159, 43065159, 73504 161 . 50731 161 . 79061 159, 4901 9156. 52673151 . 6453 145, 44154145.53248
29,359 1558.62321 154, 52623155, 46296159, 943058160, 64664 162. 22103159, 12629159, 73504 161 . 50731 160. 8769 159, 45015158, 2225 1516453 144 44154148, 22345
23.5 166.31903154. 22244158, 482968159, 63871 160. 54684 161 . 91647159, 43065159, 73504 16161133160, 8769 159, 49019156.52673151 . 6453 145, 13651 145.53248
30 158, 37191154, 57904158, 53586159, 69161 160, 39541 162, 27397159, 48355159, 78795161, 56024161, 23437159, 23876158, 27538152, 00155148, 79731 148.58516
0.8 158, 01488154, 83005159, 39579159, 33437159, 7339 161.61194158, 82196159, 12629161, 20271 161, 18144158, 88156157, 91823152, 85947147, 83552148, 53248
32,331 158, 03251 154, 54383159, 71775159, 04769159, 15153 161. 62959159, 14392159, 14392161, 22035160, 89454158, 89919157, 93586153, 1807 14755012148, 55004
2.5 158, 03251 154, 54383159, 41342159, 04769159, 15153 161. 62959158, 83959159, 14392161, 22035160, 59003158, 89919157, 93586152, 87706146, 94433149, 15621
33 158, 01488154, 52623159, 70012159, 03005159, 7339 161.61194158, 82196159, 12629161, 20271 160, 8769 158, 88156157.91823152, 85947145, 7157 149, 13864
33.5 157,72839154, 24004159, 71775158, 7434 159, 44728161.:32508158, 53529158, 53529160, 61123160, 59003158, 29068157, 32742152, 87706146, 3387 150, 06576
35,289 15771077154, 22244159, 09143158, 42152159, 42964161 . 00296158, 21339158, 21339160, 59359160, 57239158, 57729157.614 153, 1631 146,321161439.44179
3.5 157, 72839153, 93629159, 41342158, 7434 159, 44728161, 02061158, 53529158, 53529160, 61123160, 59003158, 59492157, 32742152, 87706146, 3387 149, 76254
= (o= et = 3
% 3310 =W Y HolHW A F5 3 (7)
thoode. kaeri.re. kr/Domestic/SMU /Prof. G.C.Park/G.H.Lees1 files/baze. tat. processed.zip Fieport Problem
Measurements 5
& [theode. kaeri.re kr/Domestic/SMU /Prof. G.C.Park/G.H.Lee/1 files/baze bt processed zip]
EE © Leqend
- base.txt.processed. txt
" - CoreTempl
[
1.E251E+02 CoreTemp2
B - CoreTemp3
-
5 — CoreTempd
]
1.5302E+02
1.4353E+02
Instrument 1D
1.3403E+02
OtherTempl
OtherTemp2
OtherTemp3
OtherT empd 1.2454E+02
OtherTemph
UPTempl
UPTemp2
UDTempl
UDTemp2 1.1505E +02
LOTempll
LDTempl2 0.0000E +00 1.1993E+02 2.3987E+02 3.5980E+02 4.7974E+02 5.9967E+02
LD Templ3 TIME
SEC
LDTemp21 [sec)
LDTemp22
LDOTemp23 = - .
HLTemp Print -B3- Save Bitmap [~ Symbol
HLTemp2 b
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Korea Atomic Energy Research Institue

Back to Data Bank Home  Back to Top List  for Test

Search and Download KAERI T/H Data Bank
DATABANK/SNU

REPORTS

Title: An Experimental and Analytical Study for a DVI Line Break LOCA in the Advanced Power Reactor 1400 MWe
Authors: Keo Hyoung Lee

Journal: An integral loop test and MARS code analysis for a DVI line break LOCA in the
APR1400
(Nuclear Engineering and Design)
Website: hitp://www.sciencedireci.com/

a9 3312 = €58 dolgWa 75 34 (9)

Ce3 SIE@IXIEIGITA

Korea Atomic Energy Research Institue

Back to Data Bank Home  Back to Top List  for Test

Search and Download KAERT T/H Data Bank

DATABANK/SNU
REPORTS
f AE8
Title: An Experimental and Analy @ _‘i ced Power Reactor 1400 MWe

=.
g"E'

master_dgree_paper,pdfithcode kaeri,re.kr}

IE.’% A2h
Journal: An integrs EE%E; s eak LOCA in the

[ICHE2ET} 2HEkIH 2t 4TS S50

Back

a9 3313 W E9 HelHMA 7F 3% (10)
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H 4 & MARS ZE "ot 2 7N

B gAdqdE £Z18 U giste] 4dL ugoz MARS Z= A%< 359
obee] =i Wi A9 3/t =] A A7 2 HACNA o] & H AT

A EA A SFEFES

A<l ggo] Ut HIS=
AP L Fate FP = AT

2 dixe Bl avgx dHA v HSSAVIA EAANY $5EdE 24
of thgk MARS Z=9] #X458S AFstal NARAS AAstaa stoh 2o 2330l
A A AIA[o]WY, 2008]S MARS Z== afAsta /AAHS =89 =8, &
A 3 [Goodykoontz, 1966; Siddique, 1992; Kuhn, 1995; Park, 1999]= #4241 % H| w3}

.
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2. MARS =

}

S

(4.1.1)
(4.1.2)
(4.1.3)

ol

L=]

LN

FA]

[¢)

e Ao 24

q7F =4

A 7] =

H) g
: film thickness

T}(drag force)

QLS

A} 3}

of zpo]7k Utt.

1 CHKAERI, 2007].
o}. Nusselt

his

°

'\

R

A
: saturation temperature based on partial pressure in the bulk

: wall temperature

: total heat flux
Ts-ppb

: predicted condensation heat transfer coefficient

: bulk fluid temperature

T;

”

q;
he
T,

q”t = hc(Tw - Eppb)
q’f” = hrt(]L' - Tf)
B Nusselt 32

hnusselz‘

ol
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=

=

(4.1.4)
| AA= &3H

J]-7] %

A

oll %

e Z1AeA o

7]

P

critical

S5 E Y2 Colburn-Hougen Diffusion Method

of o=}

0.4

l

: superficial heat transfer coefficient

‘ 0.8
D, )Rel Pr

}
: reduced bulk pressure,

equilibrium quality

0.023(

:Dittus-Boelter coefficient assuming all fluid is liquid

hsf - h/ (1 - X)U'8

X
Pred
hl
R@l

M Shah

Lol

)

)

NIl
olp

ol
oa

=0

FAHA A%

ba ool sj@ate =

3|

gg AN gHor by

o}
H

8}
BARY eE 713

&
!

o
i

o}
B

STEP 1) H

(4.15)
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Big = higear (Pyy) steam minus liquid saturation enthalpy in the bulk

P,, : steam partial pressure in the bulk

1—
Jo = Pypypln j
P
P : total pressure
P, : partial pressure of steam at liquid-gas-vapor interface
h,, : mass transfer coefficient

p,, : saturation vapor density at P, p,, = (1—X)p,,
pmy - combined vapor and gas density in the bulk at the bulk gas

temperature

Pm'

P
q”r = hmhfgbpvbln 7}) (416)

vb

! P

STEP 3) A oA BHo g HAgse A5 ALt
¢1=h(T,—T,) (4.1.7)
7, T..,(P,;) saturation temperature corresponding to the interface vapor
pressure

c GREAST hT HISFAZIAZE EAEHA Ge B+ AHA (Nusselt a2,

q — 4, or
Pwi,
=
he( Ty = Ty) = Ty hip gppln 1 7, (4.1.8)
-
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ZgF U A= SMART(System-integrated Modular Advanced ReacTor) 9729 I-F
ZFE A AA B (PRHRS, Passive Residual Heat Removal System)ol] U+ 35 gH7]9
AAGEAS Foteta dsS Hristaa AdS FdstAToldd, 2008]. 17 4.1.1¢9]
Al Hole utel o] LA Fole FFE w57 S7ILATINA 7|gEo HYElo=
Fale 271 FAEAR, Al Addle ST TIAA 7IEE F717F AT A
AR &

2 fdse A992) FAs 3
=S A7) flske] Compensation
L

ol Aarkart Hopls 4 9

o B2 PRHR 71 71 A o] FSko] 9
o= FFAUYA HSHAAVIAZ LT & Ut

ARG = 27 4129 AAIS npe} Zo] FURAY], FUIFEREAE, SU/AAE
A5, AFE, 283 DASE FAEH ok 7HEd RIdHE i UL U= 28
Y715 FTHs TV/ALEFATOE FAET o] Alo] T WE dHHETS
A7l $18ke] Surge tank7} AX|Eo] ot F7|/HAATHA TS AAFHEREY], Tt
7], AW H WERSE FAEH Joh Al@FE = HEFY SE5HH npgEe JAAHZ e
2 FAFE e, ¥ 4110 FQ& FAAES AASAL SSHL 304 2H A2

<,
-
g Aoy, Zo]= 3m, FaZ°]l= 28m, HAEES 13mmeo|t}. 1

GHS AAE AT AR Y de SWFeRE AXE GEE)
AR T WAAZ L ol adYAZE FAHJSH S5H LE g olmAduE A Alo]E Y
ZAe7t B2 5% gt WAAAY WAL 40mmolH, WY A 2t 117
of dHE AAsHAT

AP S Fole AT FF 2 oY, 2% A5E EUE G 2 XAGAFE A
AetR o, FPS7FEo] FotdrE @dEATE AAL HEFAVIAEEC] ALDdF
E dAgA T FolR S st en, T3k AH-EHS 1838 degradation factor “F
A S skt
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¥ 41.1 Test Section T8 A X

condenser tube ID (m) 0.013
condenser tube length (m) 3
condenser tube effective length (m) 2.8
total condenser tube length (m) 3.0
condenser tube thickness(m) 0.0025
steam supply line ID (m) 0.015
cooling water ID (m) 0.04

- 31 -




Normal operating conditions
i L
Emergency conditions

= = = =

|
L F miifps ity ‘
|
|

TEsly

[ ey
il i

Cumpensulmg
Tam'k

Fizilw srer
suzph

1% 411 SMART PRHRS 7} 2%
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Moisture,
separatol

1

1

Control

surge Tan

X
low mass flow

Nitrogen
chamber

Venting
line

Condensa
sgparator dr

Y 412 AFAN NEF=

Acrylic
block
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MARS ZEE Ab&sto] A3 AFRE RdGsta 48 S5AWT F71, &
53 9E, ARAOE oTolAE dABRANN $EBRRY AAFo] ROz
W 2] @] MARS m=e| SEwdWe Az AAAE $3T YR olge o
g 339 wApl Agateol Atk wekd, B BAAAE WAARe RdPaA 2w
293 35¢ 9HesE AH UYFoA 2L TS WAFAT

O 41400 B EAoA A183 MARS ZE 489 ==3 fF=E AAAT
S5 MARS FE=9] PIPE componentE AF&-3te] EAFSIATH Fdste SF71A 9
AEl= Time-dependent volumes &3t XAFSF o™, A7 X (inlet bulk temper-

ature, inlet pressure)E AUt A7IM F7|E EIPFE=E 7MY, inlet bulk tem-

perature®] 3@ s= E3}qtE o] F719 dHEHE&0] =M, inlet pressure®t F7]9] YHE

39 zol7t HIZAZIAIY StEEE&o] v ¥, FAFFE Time-dependent junc-

tions E3te ZAGNoH, AISAXNE Fol F7] B HSFA7IAY FFEE O

T FEFs stk

a9 4159 I¥ 4162 MARS ZE 423 E HAFET FAFF £ v
f?.ﬂ 49} Tr/\}okﬂl UrE‘r 6}11% Y 41739 1Y 4 |

7HA]

EEE A 1 96 OE dHEAs 2z e gs
=9 AR 2 MARS I E AtERTE dAAEHY T 5
O FolM =28 FAH gste] AA3 distar HHQES A Askalth

- 34 -



TDJ-105

4 TDV-100

PIPE-140

HS-140

SJ-145

TDV-180

g 414 $=9243 MARS ZE= ==3}
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25000 T T T T T T T T T T T T T
—+m_=8.56 kg/h, W, =10.2% |
—~O—m_=11.2 kg/h, W, =10.2%
—/-m_=13.8 kg/h, W, =10.2%

Heat Transfer Coefficient (W/mzK)

Location (m)

a9 415 FYFF WE EHGAST MARS L= ALHA T

I d I ’ I
0 W,,=30.0%
~O-W,,=20.1%
~7-W_=10.2% ]
W, =3.0%

15000 -} % -
] \%i\ ]
A\Q\

10000 +

20000

5000 +

Heat Transfer Coefficient (W/m°K)

0.0

Location (m)

a9 416 BSFA7A E&o 2 EHGAF MARS Z = ALbE 3}
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30000 T T T T T T T T T T T
M42 Case

o . —Il— Experiment
o —O— MARS

£ O

N

2 200004 o -
& I

o

b= i O\

()

5] O

O m

5 LN

% 10000 \ O -
c

g \

}_

= 1 m_ O .
o} N

* i O

0 T T T T T T T T ?n'inlzh T
0.0 0.5 1.0 15 2.0 25 3.0

Location (m)

1% 41.7 M42 Case #4143}

(inlet pressure 105.48 kPa, inlet temperature 98.93C,inlet steam/non-condensable gas
mixture flow rate 15.3 kg/hr)

50000 T T T T T T T T T T T
| M82 Case
< —ll— Experiment
< 40000 —O—MARS 3.0a ]|
£ O‘O
5 O
5 30000- - O\O §
£ u AN
g ' o '
© 20000 - N i
()
2 .\ O\ 1
£ E L
'_ 10000 - AN m _
© [ R O
q; - N
T - H— on
0 T T T T T T T T T T T

0.0 0.5 1.0 15 2.0 25 3.0
Location (m)

13 41.8 M82 Case EAZA 1}

(inlet pressure 131.17 kPa, inlet temperature 105.1C, inlet steam/non-condensable gas
mixture flow rate 30.1 kg/hr)
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Uiz = Remixumix/pmixdil L= (V;/g)l/?)/
f=0.079Re, /* for Re,,, > 2,300 or f=16/Re for Re,, < 2,300

1
ox
e
1
=
o
r o
tlo
.
o2
o
£
<
>
wn
M
Iz

AA AR ET ERAEAA GHDA

3 4.1.2 Test Section F£ A A

Goodykoontz Siddique Kuhn Park Lee
(1966) (1992) (1995) (1999) (2008)
NASA MIT UCB KAIST POSTECH
Tube length
Hhe fens 215 2.54 2.4 0.4 2.8
(m)
Tube ID
e 15.875 46 47.5 47.5 13
(mm)
Tube
Thickness 1.58 2.4 1.65 1.65 2.5
(mm)
Secondary
jacket ID 50.8 62.7 76.2 100 40
(mm)
noncondens . . . . . .
3 air, helium | air, helium air nitrogen
able gas
secondary forced forced forced forced forced
cooling convection convection | convection | convection | convection
fl
steam TOW 1y 9147 2.4-8.9 8.2-17 2-11 1.8-7.8
(g/s)
inlet air
mass - 10-35 0-40 10-70 0-40
fraction (%)
Pressure
0.1 0.1-0.5 0.1-0.5 0.17-0.5 0.1-0.13
(MPa)
HTC 100-2500
4485-11867 500-13000 100-7000 | 300-27900
(W/m2K) 0
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START

A

1
Fimt: 5 — (ﬂf
gpeAp

A

filmt=max(1.0d-05,filmt)

v
ks

hI‘\'uszelt = E

A

MAX(hnusseit, 4 .36d0*k¢/D)

Gas velocity NO
< 0.001 m/s
YES Y
3.8
Bgpan = hzf(l - ‘—ﬁ)
a 083

y

he = MAX(hgshan, hnusselt)

END
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30000 T T T T T T T T T T
M42 Case

< & —l— Experiment
e o —(O— Original MARS
s N\ Modified MARS
< 20000 O .
© %
Qo
o \sk\ \\
o) O
O]
. L
(&)
% 10000 - \<> O -
= N
& <>\
= | _RGRN ]
[} .\@\
- II\\§}§§K;>\\<>

0 T T T T T T T T T§{>§§{S?={\'

0.0 0.5 1.0 15 2.0 2.5 3.0

Location (m)

18 41.10 M42 Case AArZ23 v

(inlet pressure 105.48 kPa, inlet temperature 98.93C, inlet steam/non-condensable gas
mixture flow rate 15.3 kg/hr)

50000 T T T T T T T T
[ M82 Case
y —l— Experiment
& a0 —(O- Original MARS | ]
g ol Modified MARS
= O.
5 30000 Gl m O\O -
o B AN
5 N @)
o) & I
o O
200001 . .
(] ~
Z) .\<>\<> O\
ég u \\\<>\\\ C)\\\
= 100004 g B O -
© | <>\\
=g
0 T T T T T T T T T T T T
0.0 05 1.0 15 2.0 25 3.0

Location (m)

29 4111 M82 Case AAHA¥ vl

(inlet pressure 131.17 kPa, inlet temperature 105.1C, inlet steam/non-condensable gas
mixture flow rate 30.1 kg/hr)
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40000

T T T T T T T . T
35000_- GoodykoontzRun1 | |
< —ll— Experiment
% o000 ~O- Original MARS | |
§ ¥ O Modified MARS|
= O ]
£ 25000 \ ]
2 {1 B0 _
£ 20000 N ]
3 O\ _
S 15000 o - i
q‘B i 4
S <>\ N o
S 10000 . O ]
§ ] T . “ . \<.>\®\ 1
9 5000 ~— ©><> )
0 \I
! ) . ' T j T T T T T T
0.0 05 1.0 15 2.0 25 3.0

Location (m)

19 4112 Goodykoontz AlXHA 7} - Run 1 Case
(inlet pressure 101.3 kPa, inlet temperature 112.2°C, inlet steam flow rate 31.3 kg/hr)

5000 T T T z T z T z T z T
Siddique Run 20

- O —l— Experiment
<< 40004 —O-— Original MARS |
E Modified MARS

=

§ 3000 i
(&)

2

o |

O 20004 \ ]
o |

2]

c

& \ \

|_

~ 1000 m O i
3 m \\p

8 L

0 -0
T T T T T T T T T T T
0.0 05 1.0 15 2.0 25 3.0

Location (m)
% 4113 Siddique A4HE¥} - Run 20 Case

(inlet pressure 119.0 kPa, inlet temperature 100.3C, inlet steam-noncondensable gas
mixture flow rate 25.0 kg/hr)
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Heat Transfer Coefficient (W/m’K)

(inlet pressure

Heat Transfer Coefficient (W/mZK)

(inlet pressure

9000

T T T T T T T T T T T
8000 - 0O Kuhn Run 2..1-8 i
| —l— Experiment
7000 - d\ —(O— Original MARS |
] —— Modified MARS
6000 - \ i
4 OO
5000 - A i
y 930)
4000 \<>\ .
_ \8\
- | i
3000 _ .\. N N
2000 \.\.\ N ]
_ l\.\
1000 \Q\O§ O i
| ~C= O
0 T T T . T T T T T
0.0 05 1.0 15 2.0 25

418.1 kPa, inlet temperature 140.7°C, inlet steam-noncondensable gas

3000

Location (m)

19 4114 Kuhn A4F23} - Run 2.1-8 Case

mixture flow rate 58.4 kg/hr)

3.0

2000

1000

Park E13B Case
—l— Experiment

185.4 kPa, inlet temperature 110.5C, inlet steam-noncondensable gas

[ | —O— Original MARS

—>— Modified MARS
X _
R
RGN
.\O\
o
T T T T T T T T
0.0 0.5 1.0 15 2.0 25

Location (m)

19 4.1.15 Park Al4F2 3} - E13B Case

mixture flow rate 27.0 kg/hr)
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ULAE GAGHE N2YANE A FEO] AHA F50T HEW, AT X
A o

| 2H&sHA =

&zt STt Srkskd AgsEE %7}0}31 O]Fﬂ 4‘3% o] F7IE <lal
Aol dFwave)ol FAEHI, fFsol oA 7HA HJ{E Y-S FEstA @Y 59
A et 71A1 ] 97 & (counter-current) AT o] B9 o] F o] £t oW Al

o =&std B st 3k F7bele] A = ZIA

Wel shEol BAHT Y 33
1

oW D R oE 2 2 O

= =
o] © o] F7FeHAl Zsle Aol WA ol@}A HWE ¢ o) JF FEol E F
A ==H, o]#2A ¥+ @4 CCFL (Counter-Current Flow Limit) -2 Flooding©]
a3t} o] Y3k Flooding &7 o8] 7HA] o\ A AbY #okdlA Bo] AFEHI e
53] AxE WL HHA Bk o] FasA T A= A T stueoltt. o
g S AR RS A B A =4lo A APE SIS Sle FAEHE
o] TS Wald + A7 WEoln
2 AFNAM= AY FHF(nearly horizontal pipe)dl A 2] Af{F-fas A A gl st
MARS =9 ajA58S HAFsta MARE AAetx e o] flal KAISTAA 4
AH[H 78, 1993]S MARS Z== wAlshe] AdAwte}l vuste] AAAS £33

)
o
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2. CCFL A3

vessel% = Zﬁﬁé%‘r, water pump$} blower, Z18]1l ¢ AZ7] T2 FAH Uth
AP EQ FE#] dol& 2160mme]al, W7 (40, 60, 70mm)3} HAFE (0.23, 0.69, 0.92°)
S TAstAT o] W FHHAY FAEE  water vessel st U=
Ho} o] A3 AH oA F7]= blowerES E3)| air vessel®] FE=Z
FAH] FHBAS AU water vessel?] ARZ whHUIIA Hi, & water pumpE &
3 water vessel9] 3HZE FUFHO] FHJS A air vessel?] 31l U= water surge
tanke] ZolA "ot F FAlc FHBAAN JqF F5S FASH Hed, 24FL EY
fFrge AAGANZ FFolA 37 e 258 S7HAA 7FAA CCELe] ¥HAsts A A

S S 5 E EU=Z ol 2 421, 4229 2L 7}
Fe] FA-4 superficial velocityg AlAFstR o™, Folxl £ friol tisl] CCFLe A

1/2
—j %) 4.2.1)

(4.2.2)

Jg = ‘7"(M
j,;+ the liquid superficial velocity (= «,v;)
j,: the gas superficial velocity (= a,v,)

g: the gravity acceleration

D: the hydraulic diameter of a flow path
p: density
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Atmosphere |

Thermocouple

Water
Vessel

Water
Flowmeter

Pressure
Regulator

Jacking Screw  Honey Comb

T Water Filter

}\ 4 {b I—J:—
& e ‘ |
Waier flow raie ]
Control valve

Water Pump

Water Surge Tank

% 421 CCFL A3 AX]
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t}. MARS ZE= 34 Az}

MARS 2= &4 A Fol7 j o he j & 18 42942117 Zo] Yepgth 17
4299} 42102 FE 39 71€717F 0.23°Y wo] AHE B F=dH, MARS Z=7F %
B A CCFL T AlAES AE d53HA XS & F Atk dAZH o= MARS =
=2 FoR ol Wal j, @& ZA 5FE & F Aok I 42112 FEHRY 7)E

717} 0.92°Y wjo] &4 AHE o =] &}

1

2t
OiX]U]‘ ?d 7(}] ] © 2 MARS %7] E]:Oﬂ q]
Holl A F 2
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e dafo 1E‘r.
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Air
Injection

Test Section

D = 40, 60, 70mm
L=2160mm
0 =10.23, 0.69, 0,92°

ToOV210

Air Tank (P370)

A =0.56m2
L=2m

Test Section (P100)

D =40, 60, 70mm
L=2160mm
©=0.23, 0.69, 0.92°

Water
Injection

J3s5s

TDV380 I
A

I =75 F
s 8
M e IE 3 | 415 (6 | 7|

TDJ315
Water Injection

5

4

3

Water Tank (P270)
A =0.bm2
L=2m

9 423 CCFL 23 MARS Z= =3}
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Mass flow rate {ka/s)

0.20

| 1 | ¥ |
018 - 4  Water flow rate |
) AMARAAAAAAAAAAAAAAAL
‘1* Ag = Air flow rate
0.16 - _
]l a A
0.14 - hay, ]
{ a A
Onset of CCFL A
0.12 " .
4 “
F 3
0.10 - Aa, -
1A “‘ -
po8d  Steady Aa
’ State
0.06 - -
{ ~=—pl—Pp Air Increases
0.04 - .
| T TLLLLLLE
0.02--........F.......gllI----lllllIl-I- |
0.00 . b , 1 ' ! ' r .
0 200 400 600 800 1000
Time (s)
1Y 424 CCFL ¥4 Al #3% w3}
0.6 Y T Y T Y T Y T T
of5 o
[ ]
0.5 4 M2 --ll"'. T
a "L ...
i ". ...!. E
.-.-.\
04 - --.... _
TTTTIT I T Lo
Onset of CCFL
0.3 - -
AAAAAAALLAMAAALARAAAARAALL, ’
0.2 4 “lllnla‘ J
L““‘
A -l.l“‘
0.1 - -
0.0 T T T T T T ! I !
] 200 400 500 800 1000
Time (s)

1% 425 CCFL A Al jes} joo W3t
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Pressure (Pa)

Water Volume Fraction

104000

T T T T T T T T
| A Pressure ‘-
103800 | AA |
A
1 A
103600 — -
A
A
1 A
A
103400 Onset of CCFL AA‘ _
A
A
- ‘A
“‘JIA
103200 - Ak AAAA -
A
N ‘MAMAAMAA“‘
103000 , , , ; : : ; :
0 200 400 600 800 1000
Time (s)
1% 426 CCFL @A Al ¢+g Wg)
0.40 ’ : . , . , . -
0.35 | o Water Volume Fraction | |
030 5 Onset of CCFL =>4 -
- A
A A
0.25 - A Ada, " .
i A i “‘
0.20 A Adaa,
20 — Aal
i A -
0.15 - A -
A
A
0.10 . .
- “A
A
005 LahAdAdsddd s
Ap
0-00 L) I I I T I L) I
0 200 400 600 800 1000
Time (s)
% 427 CCFL 24 A E9 A4 Hl& #H3}
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Water Level (m)

0.16

T I Ll l T 'I T l T

0.14 - A  Water Level (P270) e

) =  Water Level (P370) st

A
0.12 - AAA‘ 4
A
A
b A
‘A
0.10 - uA 4
A
- A
‘A
0.08 - WA i
A
. ‘A
A
0.06 A .
A ]
B “ -. E
A [ ]
0.04 A . -
A7 Onset of CCFL "

1 e -
0.02 “‘ " :

- .l.‘IlllllllllllllllllllllIl..-.

n H

0.00 42 , . , — . ,

0 200 400 600 800 1000

Time (s)

1% 428 CCFL %A Al Z &3 W 9 W3}
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-*0.5

06

-*0.5
1

1% 4210 CCFL A% M@ (D=60mm, ©=0.23°)
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I ! I 1 ' I
—l— Experiment
A A Standard MARS
05 - -
A
= A
04 4 \ A 4
C_ g A
[ | A
=] H‘“‘w_.. ‘
0.3 - \ -
I\
[ |
0.2 - i
\.
0.1 T I T I L] I L] I T
0.1 0.2 0.3 0.4 05 06
LA
)
¥ 429 CCFL 23 Hlal (D=70mm, 6=0.23°)
' I I I I ' L I
048 j & —a— Experiment ]
0.40 Ao Standard MARS | |
' o A
0.35 - \ 4 - A -
| - A A
0.30 - \ -
] g ]
_, 0.25 \ 2
4 .'-‘--. .
0.20 - \- o
0.15 - -
0.0 _
0.05 .+ 0. ¢ 0. * .1 P A N N T
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55



-10.5

0.7

1 T T T T T T
—Hl— Experiment .
06 - A A sStandard MARS | |
A |
05 | — s i
——
________‘ i
04 - \= A -
03 - \ |
[ |
0.2 -
0.1 4 -
08 ' T ' T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6
-*0.5
)

19 4211 CCFL 2% ¥®lu (D=70mm, 6=0.92°)
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4. 7N A%

MARS = oA CCFL AlAMPH-S 23 42129 ZTHKAERI, 2007]. AF-&AFo] o &)
CCFL Edlo] 3&5W MARS ZEv 4 Fol 8ol 97 FEAAE &g o
= = A

gom @AY Aol FHAX 53 AHAANE HAeT o) FEAX AR A=A
o ag s Feld A f3 gal HeEE A oA S5 dde) 94 FE7b 2

1

ol
i

P2 I3, o] nE o Aol Frelgtd, MARS

mentum equation flooding limit equation® 2 WA ¥ o] &%

= W difference mo-
AsketA €k 28y
o] R FAFNE HEEHEE A Utk Al WA 2 FEAA FF AFRE
@ste] FHAY Aol HEHA FEE AAH U] wWEolt. FHAY A,
MARS FZE=+ 97 &5 4= 5 F™H W& ZAY =24
o 19 42942119 yehd AAAd ENSiAYe Ad3ES UERA I
ol 71Ee] 42 AFHe| h3 CCFL AL 43 AF L AAR AFd= H& 75
€ 12

=% mdd g WAS §

il n

e

¢

_‘
2

p

<

Of

5) 2
9] vertical volumeol| Wt ZAFS AR, FHA AdFAA /EEH CCFL 434

2 Agatgh

¥ 4218 FRETAAA JNEE TS CCFL Z#2e Rojzrh o] 4aAdEs FHE3)
of ST CCFL iAol et 9= 84S 38ttt 219 421342155 Z4%
XA 1" 4294211014 4 F Caseoll tall /A E MARS ZEE o]&3dto] 43 2
#E HAFEoh B4 A7 7]E MARS ZE AlXF Ao niste A3 o 23% A
€ 9& 7 A%tk 71E9 MARS SEHG Foid 7JA f &l is) CCFLe] 2 s=
WA FFE BA dSFo=A A A FHAM B ARE AS F AT

¥ 421 3% CCFL A%

CCFL Correlations
- ; 5 L
1 Kim j205 + 0.614j;°° = 0.635 — 0.00254 (E)
2 Richer 205 420 = 0.7
3 | Krolewski 22 + 0.78j;"° = 0.53
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(' CCFL Subroutine in MARS Code )

No

Check CCFLflag (f=1 >
No

Countercurrent flow 7 »
No

Vertical Volume ? -
No

Two—phase flow 7 =

CFL occurs® No "

Vi>VELFJMX
L 4

CCFL model is applied!!

CCFL model is not applied!!

¥ 4212 MARS Z= Y] CCFL Subroutine®] 74
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0
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-*0L5

o

" —

06

1 ' 1 1 ' 1
—l— Experiment
A A Standard MARS
@ Modified MARS(Kim)
05 O Modified MARS(Krolewski) | 7]
Y T/ Modified MARS(Richer)
[ | XCZ x\‘/z
0.4 - O\. A J
[ | \\. A A
L HW A
0.3 - © \. -
O U\.
02 O 5’ ®
\.
o W
0-1 T I T I T I T I L]
0.1 0.2 0.3 0.4 05 086
0.5
)
1% 4213 CCFL Z3% ¥lal (D=70mm, 6=0.23°)
! | I | I E I
0.45 — ? _
0.40 - -
I N _
O A A
0.35 - ‘ A 5l
. B Y A |
0.30 - o i
i ."“-—-—_
0.25 - O \. > ]
- .‘-.-. . -
0.20 - O % .\. -
1 |—==—Experiment V -
0.15- | 4 Standard MARS O VvV 4
41| ® Modified MARS(Kim) O -
0.10 - Modified MARS(Krolewski) )
i 7 Modified MARS(Richer) J
0.05 — 1T T T T T T T T T~ T T T
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

-*0.5

)i

1% 4214 CCFL A% ¥ 3 (D=60mm, ©=0.23°)
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-1.5

0.7 T T T T T T T T T

—l- Experiment
06 A A Standard MARS
= ® Modified MARS(Kim)
] @) {+ Modified MARS(Krolewski) |-
05 - A 7 Modified MARS(Richer)
. -1 ‘_\_\-\_\-‘_‘_"‘—-—__\__O ‘
J . q_—""O ,_______‘
- ® \
0.4 Vi ® = A
v - @ \
0.3 -
v * -
0.2 O ®
N O
0.1 - k¥
0.0 T T T T T T T T T
0.1 0.2 0.3 s 0.4 0.5
)

19 4215 CCFL 23 Hl3L (D=70mm, 6=0.92°)
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1. s

PKL A3 [Areva, 2006]= =Y °] Framatome-ANP (& Areva) A7} Q3= TF
AP A (Integral Test Facility)Z2#] 54 KWU A9 1300 MWe & & 7t ETF=E
(F=9A : Philippsburg 2)°ll thal] AA7|EZ2IAAALES EJFE 3t A AVNE BAL
st A2 E AT PKL FR] 9] ol A 249 53 =0y, A%, 424 4
WA #7F & 11459 F4 HlE&S Zes AAHND HE A @ 9% 5& F4&
AAENoY Fole AR FAFeEN T8 AdE adFoez mod 5 Uh. o9
Zo] PKL A3 A= 24 ddLdA 24T = s d42 FEAE st o
& FTHAR] EY S F EAY F UAES SH AAFH 3

O

5] =2l 9] Framatome-ANPAF= 2008 F-E 20119714
OECD-PKL2 JM]E  AgH Gl XFE F Gl1, G122 98 sgen, 2¥4d9s
A4 CD-ROM FHZ I d=o] AF Fo vt £ HiAo|x+ OECD-PKL2 H#AE
Rl «’Fﬁéﬂo}&’ird é—z“d oA dAZYAAA] A] ZFEAAAT Ao o]F F7] §Fd
35 Fogk PKL I G119 A3 A& [Areva, 2008]5 ©]-83ld MARS

= wnrs ase

7]—70 =

3
pud
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]I
>,

o
=
L
ﬂll
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PKL A@#xe] A4 wixs 28 4313 2ol EF 4719 loopz A= Slth.
PKL AgAx]o] =o]9} dol= AA| AL 1:1 Q) vhd W3 9 A HLe 11452
Z45o] AAHOE O} o] F1u S FHE . Uvk PKL 2IFZAE= 11 A
= 7

HO0 5 =
591 AAZYAAAST FBA7] 2345 AT IGD 134 AFH 23 AT e A2
Hol gtk 4BFHY FHAANN FLHA neld AGe thedt 2ok

- Full-scale 8387 5 HE (5, 1:11 £°] 537)
Z S2H 1:145 (AW €23: 25 MWY)
Z

19 vhE g &4

7 lower plenume 9AZ23}=
A

- 27 7] Ao B5A AR 23 (W, 1Y) A Q)

AAZYAGA A ZGAAAT] A} =] BT WA 5 FA=2 A5 7]
A asA B ol Agelq BEY O A% £H 45 X gy, 2dA)
AABe] GA AEHINAA =4 WA F719 4D 2ol 97 2342049 F
ol A Atk F, 7847 YelA F719 $E0F AHE Bo] B =4ow
Sojs} w4 WAAAA Brh HAT Z/BAYE o] 87 W A FE7)elE it

7)
ol Eo] UA Ferw 5o ol loop sealel FAE WA= £ (pure water)o]H
AHAHOZ loop seald] e& Tev 50 IS Fadvh a2a T2 FRFO]
2L loop seal®] WZHA|7} LAjol]l =Ao AALare] 93 AAZ A)
PAZE B Ths/dol SR

fleh 2ol YA sRe AAZIAGAAN FIAAATHAA olF AL + %= =
RIAALE Eostal g8 Ay d4E defsk= o] PKL I GL1 49 H3o]v
ol HAHE WHA7)7] s AHE AP AARD AL v 2o

- 1 loop ¥H& ARE (02, 03, 04 loope HUAE-&7]
- ZAEAAAET /) HE / 7M7) FE

- A tubed] SHERFE T3 F9

NS
o%
T
o
offt
ok
—_
>
A
o%
&N
2
2
k
o
B
)
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SEA7A EAA Y LAAF YAFALFN WE 1 e
- ZEAAAE A9 F YAAA LT W2 YAA B4 s= W)

)

PKL Il G11 A¥L 37 2 GAZ FE50] IPFHAG. A WA @A= A =27
Z7& 4743s7] 98 Conditioning phaseo]™ F WAl GAl= JFEAAAFT H3 &
ZA) AargE wstel & A MAILE Boltr] 913 Test phase ©|th.

rr

(1) Conditioning phase

Conditioning phasel A= 1-loop®] 12t A& HAE H4 F% 2,000 ppm® o
= n

ZrE A bEe 1 barZ FAZT HH3] 125 W4
|

WA Auzds FaA F, 24 2AE BoE fs AF8Y T IFS 200kWE
AAsth & %S Conditioning phase A 7|7+ 59 dA&A FA 3=

(2) Test phase

Test phasex Conditioning phaseol| Al & A A7} FHdeH o EEatd, FIAAA TS
AAAMNHeZAN AFEY. =4 W 7
QAAAT FAZTH F 108 F =40l

Test phase= =4l W AA=Z sHH-E Fdf

o
o
ox
>,
it
2
k=)
kD
b
—
o
o%
N
2
rr
N
fll
n
kl
2

=9 stA O] AAE] FUHATIE S B8l o] Fo]Zth Test phase 7|3F F¢e] F
AP AZHE 50,990%0]3, o] F ZuF 402 %E 2220%274AE o 0.22kg/s2 WZHA)
Zo] o]FojX 1, HdH =2 2 15850 FHe HAXAH FYol AlgHET. HEH
oz A% 234 WA Ao 1,020 kgo] HEE o},

2252 1AFc 2R HY g e 2ot o] Adedtr] uEol MSRVSH feed
water injectione F3l 2bar ¥ 122m=E At} 3E 43294 = Test phase A& ¥ 1

o
A% Wz Anse] WsE nelz
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3 4.3.1 Condition phaseol|l A B/ dele PKL 243 #AXY F8 WHF

Test phase A&t A|™o| o] 7] =74 (t=0)

2=

WZb A A ek 1060 kg (Z7FH71 Al€13h)

A TE 2000 ppm

ALy d=9 200kW

ok= ¢k 1bar

=y R °F 60 C

IR P 40 K

22+

o= oF lbar (d)7]¢})

R °F 25T (298.15K)

=9 12.2m (& $19] Wl 232 F7]12 AYH)

3t 4.3.2 Test phase A&} & 1215 WZHA] AjagFe] W3l
Time after A7 A 1215 Y2 A= [kgl
SOT [s] (+/-= 10600 i3 A 7H)
0 213 Az} 1060 kg
440 Wz s AE 1060

2220 B E T8 -390
15850 W2 79 A4 (0.4 kg/s) -390
17560 Y2 79 T8 -280
19160 Wz 79 A2 (0.4 kg/s) -280
20710 Y2 9 TR -185
27060 W2 79 A1AF (0.4 kg/s) -185
27930 Y22 7o TE -130
37720 Wb 7o A2 (0.4 kg/s) -130
38510 W2 7Y T8 -80
41320 Wzh= =0 A7 (0.4 kg/s) -80
42990 I 7Y TE +30
45500 Wzh =4 A7 (0.4 kg/s) +30
45800 TYE 57F (0.8 kg/s) ~+50
47110 WA 79 T8 +220
49250 3 e AE +220
49620 W7t s T8 -40
50990 2y =8 -40
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bkl =

Steam line

Reactor Pressure Vessel
Downcomer

Steam Generator

Pump

Pressurizer

Volume :1:145
Elevations :1:1

Max. pressure : 45 bar
Max. power : 2.5 MW (10%)

Y 431 PKL 1T A8#Ax AA wjx=
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3. MARS ZEE o]&3 A7 A

7}. MARS ZE 84 24

PKL I 1940) e MARS 348 w=3t sfgtme 39 4329 2ok 2ol
H35o] 1-loopite ©]&8tal 7ht7le AHESHAl FoB =, 02, 03, 04-loop H 7HE7]= Al
9jetar BARSHA Y. AR dF= Multi-D component® EASIR A U A AlFS
1-D componentZ EANSAT: ol A4 AR Qe 479 Aepo] s dede
Eodsteg gakd a3t odE s FEol7] WEeln Ay AN 99 83 IHE
ARG Ao R 1), 3 W 67, F WIFo= 1ME Uro F 667 &

g1:]
=

F----3RF354

W

37
e

T
i
L N =) '

[ O T R

aB020

19 432 PKL III G1.1 243 2= 93 MARS Z&= =3}
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PKL III 2% Axo= F 2,000 9719 st AZ71E ARl Hop 22 A A
=2 FHE5T F A2 AASAY. I ASV7 AAEHJoERE AZV] FEE HA
%7] wFo] PKL SoX= A= Anlo it g2E9} Wﬂ 7HE“4 1% 1 A AR

a9 433@)c & vE 47| HoFa f=d o]FolA Continuous Measure-
ment of Boron Concentration(COMBO) A S 7]+ 22 0w =3 5= 9)
= Auloly 7E A48 o g TAE AZ7E= A n
th COMBOE Z71%A17] E74-¢k RCP 473l AHo] vk 28 433(b)E 4%
2E &7 AXE £ AS7E BYFa Jvh 27 434()E 1, 23 A% oF
AZ710lm 21 434(0b)E AARFH L7 % A
MARS ZEG| M= olg] 742 Ao} Wi =
e oA B A=} 445 1.
¥ W AZ 4A%te YeEE

dE 3F
WS sy AsE B EE P

—_

& oEEE Yk ZAo)
o

Hse AAF st &

2 b

)

¥ 433 MARS F= Hpe 28 A=7) giS$®

AZ7] 1.D MARS ®5= 4 v
(MST-#) (A4H /[ HE)

1556 brnppm 330-01 Cold Leg Boron concentration (RCP 1)
1557 brnppm 324-01 Cold Leg Boron concentration (S/G 1)
42 cntrlvar 3 core water level (lower plenum / core)
50 cntrlvar 4 core water level (upper plenum / upper head)
1604 cntrlvar 5 core water level (downcomer)
281 D 354-01 S/G 1 steam dome pressure
241 D 210-04 RPV upper head pressure
670 tempf(g) 102-01 core exit temperature
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5G 1-3, U-tube top
(DER 1-3)

SG 14, outlet
(DEA 1-4)

bottom
Loop seal 1-4,[>|
Dot G (DEE 1-4U)

(VD 1-4)

COMBO Loop 1
MST 1557

Loop seal 1-3, bottom

(PMB1-3)

MST

292
Warmup line: SGs 1040

A Sampling

[ Continuous Measurement

SG 1, inlet top
(DEB 1)
G 1-4, inlet] (<]Pressurizer
(DEE 14) || (OH)
Cold leg 1-4, top
(CO 1-4)
: e = o5
50 14, inlet U Het leg 1 ol leg 1-2, battom (KS 1-2) COMBO Loop 1
bottom - e outiat MST 1556
(HS 1 Mml Loop seal 1-4,
( below RCP =
DC pipe 1, top[> <
(DC 1/4) Lo
Loop seal 1, top DC pipe 2, top
(PMB10) (DC 2/4)
Loop seal 4, bottory
(PMB 4)
DC pipe 1, 243 height> | [2 <IPC pipe 2, 2/3 height
(DC 113) = (DC 2/3)
Reflektorgap lcore 1
(RR) (Kemn 1)
DC pipe 1, 1/3 height[> <[DC pipe 2, 1/3 height
(DC 112) | (DC 212)
I ,_I— Core inlet

(UP}
DC pipe 1, botto mp%ﬁ&%&’ 912]2 bottom

(DC 11y =
(a) 54 5% A7)
1% 433 PKL 54 5%
-295 SG 10: MST 281/282

SG 20: MST 283
SG 30 MST 285
SG 40: MST 287

Loop 10 : MST 261 (primary)
< 262 (primary)
=
= MST 279 L
B [ wmsT271
~ MST 272
-t
MST 241
= MST 242
Loap 20 -
MST 1624 * F—|—msT243
N \ MST 249
Loop 10: MST 251
Loop 20: MST253 | MST 259
Loop 30 : MST 255 (Loop 10) =
Loop 40 : MST 257
~ MST 245
*Simulation of PWR
identical instrumentation
MST 247

(a)

&e AS7

¥ 434 PKL ¢
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Levelinm
L1 I S — P ——
MST 41
| MST 47604
A
TH cbececccccccsesssssse e ——— T4
& &
4 MST42
usT4E By il g
MST 49 D ™ MET 80
Ly L
4
K
MST 43
17T
(b) A2 8] 9 AZ7]

2 RPV 9] AS7]

ME £ Instrument Elevation (Fluid Temp.)

Level inm
0,76 ME 19
10,27 ME 18 2
8
£
8.80 ME17 ]
ME 16 5‘
831 = ME 15
8,95 ME 14.1
B T ME 14
= ﬁ i
ME13 -
ME12 A
i T
ME 11 5
711 ME 10 -3
B
ME 8
Fuel Assambly g
Upper Edgeof 612 Top End Fiting MEs ]
heated Length__ 5 iE 7.2
A4
o HET MET.1
= “\msT 1297
MST 1283
515 ] MES
459 . Bl s
Ir o
= 8
apa " ME4 2
. £
e = I e Sy ;
352 Lg MEs 8
282 Ik =l wmez
vt gty
Lower Edge of 2,24 | ME 1
nestsd Len - “SMsT 1295
TMST 1305
Fusl Assambly
Bottom End Fitting
MST63%6 O E
Conection Downcomar g
T 635
o i
MST 1304 [l e e

© Fluid Temperature

©1 Wall Temperature

2% A7

MST.




v
>
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Sl
Lo
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o
2l
BN
Y

a7

PKL III G11 A3 Eoje =748 24& 93 conditioning @A FE Al&alS]t
Test phase®] 7] Z7& WrEoW”7] AsiA AF A7 5L 1 3] A o] Y=

=
31, MARS ;":9] transnt A5 ARESte] AFZH FARIAH AE =gk A
o2 FAstATh. iE 4349 Conditioning phase T& A7 ol A< J‘l HyEE YERRSL
=t 3EollA Kol ALkghe] Ex kel AFd] SHs= Ae & F Aok

o r4>

3 4.3.4 Conditioning phase A3t 23}

Parameter ‘ Desired ‘ Calculated ‘ Difference
12
B2hA) i (kg) 1060 1059.5 -0.05%
B~ =% (ppm) 2000 1999.8 -0.01%
Ade 452 (k) 200 200.03 +0.015%
%= (bar) ~1 1.127 +12.7%
=4 7 2% (K) ~333.15K 336.84 +1.1%
Y7 (K) ~40 39.31 (376.15-336.84) -1.73%
225
%=l (bar) ~1 1.00008 +0.008%
2% (K) 298. 15K 297.30 -0.285%
9 (m) 12.2 12.225 +0.2%

(2) Test Phase = 9]

ol

Conditioning phaseol|X] @& ZA}E ©]&3}] Test phase HFS H3IATh Test
phase A3& T2J3l7] 938l RHRSE A A|A7]al, 34 drain line valveE #|&], 7]
@ H4H, 7F7] 2 Es #HaAsk A Test phasedl X 7HE Fa3F A& A3t
A Angs StFEe AJE A B X 4329 $AHE YAAE FEAIAT 1@
435 WA Az wste] 3 MARS FE=d4] AAE HAFH. A3 F

Yz Aol Wats AL HAY & 9
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Inventory (kg)

1400

1300 —

1200 —

1100 -

1000

900 —

800 —

700 —

600

T

——MARS-KS |

T
10000

T
20000

T
30000

Time (s)

T
40000

T
50000

1% 435 Test phase®] Y7 A A1z vlal

- 68 -
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4. MARS ZE= 34 A3}

o
o,
X
Y
__)itll
Y
ro
By
of
N
offl
2
=
oo
)
>,
ith)
i)
o
o
ot
ox
o
i
o
ol
ok
N
Ho

I

3 IEAH F8 M5 =4 7 229 AF o
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Al 4 A DVIZ vt Al H7}

1. N8

2 d7olM= APRI400S Rost= &% Iy THEY JdPAXAU SNUF
(Seoul National University Facility)& MARS ZE& ©]§3le] R g3sta DVI 3
AL A B AR EY AsS vla EASATC1AF, 2008]. =] AHA
o) ¥l APR1400(Advanced Power Reactor 1400MWe)ol A= B4 W2zt 7|
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2. SNUF A3 #&x 2 A3 =4
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(1) Case 1 & 2 : Base case

APR140091 A 2] DVIZ wt&t Al S BALSHE 7150 & Cased] 2
ATk B CaseZ E3le] 9&olMe DVIF gt ALLE oy ] HE=3)2] W &0
wEt 3 SNUFIA Y A38S 53l AA3 A BAE A=A 585 E4%80. &
AP do] FAFRA ol HPSIS SITO 2t FAFU47F A ghol HPSISHE =5
o] Al FY= = No failure FFal| A Aletgleom, A3 3 FFsHANEE F0]7]

Case 25 Y3 2o 2 S35}

T3t} Case 39 2%
ZAxT 30 KWE FHA ¢l

= 3= A 52 Base cased] U7IH
o

= 2
9L 3 =9S 1At Ao =N, ¥
e BHE F4L 39AR AR gieto] Avkshe e BEdel oF 29
3 A% FY3T

(3) Case 5 & 6 : 9T WA B Fe WA

Case 59 749+ Base cased 7oA FJTH WH S FLaAA AFES FITL
24 g \WHd e DVIFE gd Alne] UgES d4s 18]3 Case 6
2 gd#e] L/DE 1022 33 Base case®} B8] 3002 3Pt Fg-o|t} o=
DVI#Y] daty = A mE W% 4 A5=2 AFEE & Ao

(@) Case 7 & 8 : MHFYSF 7 WA

Base casel] =7 F 2
o} Case 72> 49 AW Aol o3l HPSIOl <3 ¢td =47 171¢] DVIFEE
Sl MRt FUH= Single failure 43S EAFSH7] 918l], HAFAF2] F S Base
casel| HI3| HA FUHEF 3+ AF-o|t}. Case 82 SHHFU4E Base cased] ©F
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¥ 4.4.1 APR1400¥ SNUFe] A A WHE

Parameters APR1400 SNUF Ratio
=9 139 m 218 m 1:6.4
dA=E &7]

H A 16.8 m2 0.094 m2 1:179
o] 432 m 1.02 m 1:4.24

27
™ ] 0.89 m2 0.0032 m2 1:278
o] 725 m 0.97 m 1:7.47

27
™ A 0.46 m2 0.00202 m2 1:228
48 Gap Size 0.255 m 0.02 m 1:12.8
AgE A 9.7 mm 10.0 mm 1:1
et WA 0.0366 m2 | 1.77x10-4 m2 1:190
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3 4.4.2 Base case

A 27 =4

4 A =4
A3 A7 sek $ 30 ~ 530 &
Z27] 125 oY 0.6 MPa
Z7) 245 2% 155 oC
27] WA ex 150 ~ 160 oC
110 kW (0 ~ 60 s)
w2 =9 70 KW (60 ~ 300 s)
60 kW (300 ~ 500 s)
HPSI % 0.13 kg/s
SIT &% 0.11 kg/s
SI &= 275 oC
gy WA 0.000177 m2
HPSI ¢ DVIZ 74 3 7N
g v ¢ L/D 10
A3l A3k No failure
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¥ 443 N0 E A3F Case
Case HA = H7E W&
Case 1 Base case &3 1
Case 2 Base case A3 2
80 kW (0 ~ 60 s)
Case 3 =9 ¥4 40 kW (60 ~ 300 s)
30 kW (300 ~ 500 s)
Case 4 =9 WA 70 kW (0 ~ 500 s)
Case 5 ek WA W7 0.000078 m?2
Case 6 et 8 L/D HA 30
Cace 7 FHFAT 7 WA 0.07 kg/s (HPSI)
(Single failure &% EA}) 0.08 kg/s (SIT)
_ 0.32 kg/s (HPSI)
Case 8 FAFHT T WA 018 ke/s (SIT)
Case 9 FAFA 2= WA 54.6 oC
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3. MARS Z & 3| Ay}
7F. MARS ZE 34 23
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¥ 444 T8 AH ¥
Clearing parts SNUF 43 MARS ZE 3j4]
IR, 15 ~ 48 s 16 ~ 39 s
Loop seal 55 ~ 62 s 52 ~ 59 s
Rl 70 ~ 100 s 54 ~ 100 s
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