creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

LB

e

=
&

PR E RS KBS

oA T E F}

2017 # 2 H



FRTOTELVE) oTET BTN TAE VR To DM Wdeis) S<ew—xw» oooso ook BV RoKo R W o | 4




BB %
o] HNS T2 WMLE HNOZ BHT

2016  &F 12 A

HExS T2 L2 wmXS RiEY

ETEER W ®
%= = % B # @
%= 2 e F % ®

EINKER KERT

2016 % 12 A



Assessment of steam condensation model in
MARS-KS with measured HTCs

on vertical tube

Hyeon—-Mi1 Bang

(Supervised by professor Yeon-Gun Lee)

A thesis submitted in partial fulfillment of the requirement for the degree of
Master of Engineering

December 2016

This thesis has been examined and approved.

Soo-Seok Choi, Prof. of Nuclear and Energy Engineering

Date 2016. 12

Department of Nuclear and Energy Engineering
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



LIST OF FIGURES ¢ tceeeerenetttti ittt i

LIST OF TABLES cecerreeeeeetnttututtttitiiitiiiiii ittt v

SUMIMATRY v ovrereeee ettt e it v

I /\1% ..................................................................................... 1

a v‘f‘:ﬂ _7,:/\]_ .............................................................................. 3

1. AL g g cee e 3

D A B T e 10

L. MARS-KS COQ@ #trrrrrrrrrrrreenettiiiiiiiiiii i, 13

1. MARS-KS FHIE Y €3 FHE it 13

1) 714 A U] DA e 13

2) %% 1;11— q} oedﬁ%l .............................................................. 16

D NOAAIIZATION * vt s v s e e 18

3. dH] Al I e 29

V. 3]]@' 7&34. ............................................................................. 27

V. 2 L R 35

REFERENCE ¢ cvrrer ettt e 37
el 2



LIST OF FIGURES

[Flg 1] SChematiC diagram Of PCCS ................................................ 1
[Flg 2] SChematiC Of the MIT eXperiment .......................................... 5

[Fig. 3] Schematic of the steam condensation experiment by Liu(2000)

............................................................................................... 6
[Fig. 4] Schematic of the experiment by Kawakubo(2009) ««««««wweerereeeeeeees 7
[Fig. 5] Condensation experiment facility of JNU by Lee(2017) «««-cveeveereee 9

[Fig. 6] Scheme of temperature measurement in the chamber of JNU by
1020 i TR T P 9
[Fig. 7] Schematic of U-tube condensation experiment by Hassan and
RAJA(1093) -+ evesemrenrtmseuntunmiii it it 10
[Fig. 8] Gas temperature aling U-tube length for U-tube test by Hassan and
Raja(1993) -+ eeveemrnrtutunttn ittt 11
[Fig. 9] Bulk steam temperature at 4.5-bar vessel pressure for MIT test by
Hassan and Raja(1093) -« -« eerrerrmmrmmmmmn ittt 11

[Fig. 10] Nodalization of test facilities steam condensation experiment

[Fig. 11] Heat transfer coefficient along the air mass fraction at 3.0 bar for
IMIT @XPEIUTIEIIE -+« ve e rerreneeen et et ettt ettt 23
[Fig. 12] Heat transfer coefficient along the air mass fraction at 3.0 bar for
JNU EXPEIIMIENE <+« v reeererereees ettt ettt ettt 23
[Fig. 13] Heat transfer coefficient of Wall subcooling effect at 4.0 bar for
JNU @XPEIIMENE <+ cvvcreeereeeneenmmntmntte ettt 2
[Fig. 14] Wall temperature at 3 bar of MIT experiment and MARS-KS

[Fig. 15] Calculation results of MARS-KS for heat transfer coefficients from

MIT eXperiment ......................................................................... 29



[Fig. 16] Calculation results of MARS-KS for heat transfer coefficients from

JNU experiment ......................................................................... 33

[Fig. 17] Calculation results of MARS-KS for heat transfer coefficients from

JNU eXperiment ......................................................................... 33
[Fig. 18] Comparison of heat transfer coefficients from MIT test and JNU

test at 30 bar ........................................................................... 34



LIST OF TABLES

<Table 1> Table 1. Steam partial pressure at 3 bar of MIT experiment and
MARstS COde ..................................................................... 26

_iv_



SUMMARY

After Fukushima nuclear power plant accident, importance of passive safety
systems was emphasized. Among them, the Passive Containment Cooling
System (PCCS) 1is depressurize by steam condensation to maintain the
integrity of containment in the accident such as the loss of coolant. Steam is
cooled and condensed through the pipe wall which coolant flows. Steam
moves to the pipe with noncondensable gas, so noncondensable gas builds up
near the pipe. And it disturbed steam condensation.

In this study, two steam condensation experiments in the presence of
noncondensable gas are simulated by MARS-KS code. The calculations of
MARS-KS and experiment results were compared to verify the condensation
model in MARS-KS code.

MARS-KS code is underestimate the heat transfer coefficient even if
calculation shows a tendency like experiment. And when the result of MIT
experiment and JNU experiment are compared, the calculation of code shows
that MARS-KS code does not consider about geometry of experiment. As the
results, condensation heat transfer model in MARS-KS code about steam
condensation in the presence of noncondensable gas needs to be improved

about effects of test geometry.
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[Fig. 11] Heat transfer coefficient along the air mass fraction at 3.0 bar

for MIT experiment
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[Fig. 12] Heat transfer coefficient along the air mass fraction at 3.0 bar

for JNU experiment
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m JNU test
---©-- MARS-KS, (a) Multi node pressure vessel
--&-- MARS-KS, (b) Single node pressure vessel
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[Fig. 13] Heat transfer coefficient of Wall subcooling effect at 4.0 bar

for JNU experiment
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[Fig. 14] Wall temperature at 3 bar
of MIT experiment and MARS-KS code
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Table 1.

Steam partial

MARS-KS code

pressure at 3 bar of MIT experiment and

Steam partial pressure (bar)
Air
MARS-KS code
mass
i (c) Singl d
fraction | MIT test () Multi node (b) Single node c) Single node
(%) pressure vessel
pressure vessel pressure vessel .
without outlet
0.285 2.44 2.28 2.20 2.43
0.342 2.30 2.11 2.04 2.30
0.415 2.11 1.91 1.84 2.11
0.460 1.99 1.77 1.71 1.98
0.510 1.84 1.64 1.57 1.84
0.591 1.60 1.39 1.34 1.60
0.678 1.32 1.14 1.07 1.31
0.755 1.04 0.87 0.82 1.04
0.846 0.69 0.59 0.56 0.69
0.890 0.50 0.44 0.41 0.50
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[Fig. 15] Calculation results of MARS-KS for heat transfer coefficients

from MIT experiment
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[Fig. 16] Calculation results of MARS-KS for heat transfer coefficients

from JNU experiment
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