ISSN 1738-8333
http://dx.doi.org/10.20466/KPVP.2024.20.1.032

M2t ASAST TRACE ZEE 85 1Y HE0|
EST Hst
e oz

Uncertainty Quantification of Model Parameters Using Reflood
Experiments and TRACE Code

Seon Oh Yu', Kyung Won Lee*

(Received 23 May 2024, Revised 14 June 2024, Accepted 19 June 2024)

ABSTRACT

The best estimate plus uncertainty methodologies for loss—of—coolant accident analyses make use of the best—
estimate codes and relevant experimental databases. Inherently, best—estimate codes have various uncertainties in the
model parameters, which can be quantified by the dedicated experimental database. Therefore, this study was devoted
to establishing procedures for identifying the input parameters of predictive models and quantifying their uncertainty
ranges. The rod bundle heat transfer experiments were employed as a representative reflood separate effect test, and the
TRACE code was utilized as a best—estimate code. In accordance with the present procedure for uncertainty quantification,
the integrated list of the influential input parameters and their uncertainty ranges was obtained through local sensitivity
calculations and screening criteria. The validity of the procedure was confirmed by applying it to uncertainty analyses,
which checks whether the measured data are within computed ranges of the variables of interest. The uncertainty
quantification procedure proposed in this study is anticipated to provide comprehensive guidance for the conduct of

uncertainty analyses.
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Fig. 2 Schematic diagram of the RBHT test facility"'”.
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Table 1 RBHT tests for uncertainty quantification"”

Initialrod | Inlet water Water
Bundle power| . .
(kW] temp. velocity subcooling
(K] [em/s] (K]
Test 1 144 1,000 2.5 10
Test 2 144 1,000 2.5 80
Test 3 252 1,144 15.0 10
Test4 252 1,144 15.0 80
Test 5 144 1,000 5.0 10
Test 6 144 1,000 2.5 30
BE AZUES SUsPY AU Z, AB2) rod
bundle> A =2 AHE AL F719F 57] 2=l
=ENA 27] APRAE FA8ISIT e Az
ue} shygztel WS 4R fReR o Sade
B3] ABRE FAgonH 120 WP SRy
WA o Z71A sho] wEA W 25 HaA T
oltf rod bundle®] & HaF HAE o5 FH 2=}

YA ol 7)o} w3

Quenching Time)& Z43F4It.

3.2 MMFE mHal

Fig. 32> RBHT Ag4dv ¥ ddz JFAE
BARE AP EE TRACE V5.0 ZE"Yg w ot
mdg)g Hojzoh AlEHY rod bundle> FE9]
AA 2491 VESSELS AHEato] & HMFo g 347)

LEg Boslal, =9 spacer grid RS %8510



AR ARA o] 23t 45 T 7ha aals vkt
AlgELe] AFrol sl Zade A4 249 PIPERZ

KeR Z]
ndgste] o] HAAZA A4 249 BREAKS}
FILLo|| Z+2 A3}t
B rod bundle®] 718l A=

mlN'
rlo
‘-M
n
10
e
1
jinss
1%

k=
{4
A

2l POWERE A}§-3}o] 5‘4*‘41 =9 7t AAE
SHLERE Fig. 33 Z2 Wé SYEEE Hgsioitt
Aol FE9 dv2E 849 HTSTRE #8319
7teE, H7ME S 1311 - o Ao dHES
E%}‘ﬂ o o494 HHS 3 F £42 glrn
R o7 7h4sle). Algdn] o] o2 A Ed 9]
Aol E AAR, WzHAe] Aergeal erl ah
ZYd 9] shdo A 4ot FAR skt

- Upper -
= plenum =
I Und
¢ s
L=l 4
A Gid? - M- -] \ A
X T

L A R e

G -1 T;:'-:;;:‘" Paak power

al L=0.75

Gidd ===

GRG ~ -]

Hxinl

bl I [t 0

Gid] ~Wl==========

[ R i B
b Haaled
rods
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Fig. 5 Rod surface temperature.

Apgstol AT T B ol A%} S Afsek
= 27] IPE R 9 1Py EAE WY Y
Hsto] tisfA A W As ¥t J=s WAt
U E AXRS EEA)SHITE ol HE IPY) 27
BRI ST 4T WS HeHeR Mg
default multiplier®] 0.59} 1.5812 7}49sict 182
wEy AAd ge 4 3%6}01 PCTS QTE #4
A HEgLT 3 wige AN Ag Ry
2 st 99l o)

8
+ Criterion 1: 7|& ]{PEE—‘T’—E—] PCTY H3 -
2022 LEA7} 50K oJ4F
Criterion 2: 712 AAF tiu] QT W3} ¥ -
F 20 AhAF7E 10% o1
gt 7 o9 7]% UhESHe A [IPE AEahgla
ojff AE7|ES ods] WEsh= WY ol IIP4
ROAE W9 2

Test 138 Test 49] tfelol n7HE ARS %3
A3, st olael] AgelA HU71ES FEsHe
IIP (Table 29| #2 G4 &2 EFatal E3HA

AsFATHSHA). Eol¥ 1P %, single—phase vapor to

r{r

=
A =

wall heat transfer coefficient (HTC), dispersed flow
film boiling HTC Z12]1 film to transition boiling Tmin
criterion temperaturex= 371 ©]AFQ] AdoA AME7|ES
WAL, o] 52 T W Aol vt FaFE nlA

A 7|7k B Beld WA wolo] Fag RE9

- m- exp|Test 3
- m- exp | Test 4)
12 —— cal (Test2)
—cal [Test 4)

Mormalized rod temperature [-]

a0 I 1 L I

Mor malized time [-]

(b) High inlet flow rate (Test 3 and Test 4)

£
A
H

i)

o
)
rE
o
jale
o
ot
e
—Or“"

e

Ho 38
It
>~

X OE
R
XN o M

}&3lo] Table 19
3 (6THA) 8kt
V&@T—]r/] getat okt
el 3HA =AEA

oot et
rO
i
= Jin
]
©

jikad
H

=3
of IAt=AE &
(third—order statistic approach)—%
H7152 MEYS 53 7 IPY] EA=
multiplier S AAdste] 2082 AARS _,_—a— ak9l 1
T H9] AXETE JEste] 0.95 oY expected
coverageS zh= 1719l 3uizel 206WAS] 7S Ztzt
SRkt ek o & sl
Fig 6> L*=0.8 SIx|o A9 ¥4 Wl o
AT ALATE HojEth 4 Bl tigt
ESAE ALARe] Aoty sk W

ﬁiﬂ

o i >
do o>
< & =
e
1o
e
ox
gi
°

ro
of
2
o

rH
rE

reom

J

& = 7 Ao, ol A @4
_1

o
a=) =

moo] ZR3 IPY An BRUE WIS gt
o

=

= —

2 AFe AAREE ARESte] BA g A
3401] ad 1P 5, A A9let U 22 Fad
=94 @Al Yol e Mg 1pE Adsta
S WS AEdtehs A4S 93l RBHT
Aule] A ASA H8eto] Ak B
sHlstict. Y ddo A AU i V&



A4 A% 4T3 TRACE ES 8 28 vido] BeLE ges) 37
1 .3 T T T T T T T T T T T T
¥ upper bound ¥ upper bound
) ) A |lower bound & |ower bound
x f'g'ww_j'; o # reference L = reference
121
B, A o O peoewer Trigh power and
g ks - ™ mid fow rabe Py ﬂmm._,-_-__.c e
= M £ T e S oaf e 1
o ¥ [} __J.__ -
- " - a v = -, - L
L] L L8] B T
= aubcoodng bt ¥ * M
10k P reasing . : : : : t I I t
E L
Subannding B subcoaling increasing Rt w e s e ] ]
Irareas rg
09 1 1 1 I 1 1 1 1 1 1 1 1
Ta=zii Teztf Tezi2 Tezi§ Testd Tesid Test1 Te=tf Tesi2 Tesii Tesid Tesid
Test Test
(a) peak cladding temperture (b) quenching time
Fig. 6 Uncertainty calculation results.
Table 2 Integrated list of influential IP with uncertainty range
Uncertainty PCT (K) QT@L*=0.8 (%)
. range
Input parameter Unit -
min max variation* | max diff. ** variation* relative
: max diff, ¥
Single Phase Liquid to Wall heat Wim2K) | 05 | 15 | -694/1.07 | 1026 | -15.21/0.51 -16.2
transfer coefficient
Single Phase Vapor to Wall heat Wi(m2K) | 06 | 14 |-1840/177| 2901 | -1462/161 | -260
transfer coefficient
Film to Transition Boiling T, K 08 | 12 |-13.05/000| 1961 | -41.43/721 | -64.8
Criterion Temperature
Dispersed Flow Film Boiling heat Wim2K) | 05 | 15 |-5447/206| 5653 | -56.46/3.22 -84.9
transfer coefficient
Wall heat | Subcooled boiling heat transfer Wim2K) | 05 | 15 |-1003/005| 1157 | -1459/047 | -154
transfer | _coefficient
model Nucleate boiling heat transfer coefficient | W/! (m*K) 0.5 1.5 -4.57/0.75 6.95 -5.24/0.49 -6.7
Departure from nucleate boiling / Wt | 06 | 14 |-1655/070| 2639 | -1559/049 | -252
critical heat flux
Transition boiling heat ransfer WK | 05 | 15 [-1090/020] 1110 | -1.95/0.00 26
coefficient
Vapor to Wall inverted annular heat WK | 05 | 15 | -850/136 | 1243 | -7.12/082 109
transfer coefficient
Liquid to Wall inverted annularheat | 200 | 05 | 15 | -802/1.06 | 1253 | -542/1.30 -10.6
transfer coefficient
Wall Drag coefficient -] 05 | 15 | -457/088 | 626 | -9.46/0.00 -12.6
Interfacial Drag (bubbly/siug Rod -] 05 | 15 [-1025/000| 1551 | -4.58/0.00 ~6.4
Bundle—Bestion) coefficient
Interfacial Drag (annular/mist Vessel) -] 05 | 15 | -534/172 | 927 | -425/0.00 -75
Drag coefficient
model | Interfacial Drag (dispersed flow film 1 | 06 | 14 |-1480/014| 4952 | -7.04/054 | -188
boiling) coefficient
Interfacial Drag (inverted shug flow) ] 05 | 15 | -814/048 | 1249 | -3.60/0.50 64
coefficient
Interfacial Drag (i Jar fl
mterfacial Drag (inverted anmular flow) -] 05 | 15 | -845/238 | 1262 | -475/323 -99
coefficient
* 7 EAAE H] BlRRe] §9] ek A XX A Wsle] X gk
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