Clustering Study on Constitutive Equations for using Integral Effect
s 1est Data to Improve Accuracy of a Reactor Safety Analysis Cole  —sesamm—

MNUCLEAR &

RUANTOM ENGINEERING ChoHwan Oh2, Doh Hyeon Kima, Jaehyeong Sim2, Sung Gil Shin?, Jeong Ik Leed*
aDept. of Nuclear & Quantum Engineering, KAIST, 373-1, Guseong-dong, Yuseong-gu, Daejeon, 305-701, Republic of Korea
Email: jeongiklee@kalst.ac.kr

=| There are many uncertainties and errors in the modeling of =| Hyperparameters of the SOM model
reactor accident phenomena even though many thermal

- - Starts "&q&q&"&q&q %U;&U;;ﬁﬁ; layer)
hydraulic experiments and researches have been conducted for AR
: " T
flve d e Cad eS Calculate the BMU End &’4&"&7&9
. : : BRI
' Yes - b -
. I n th IS Stu dy1 fOI IOWI ng meth OdS are prOpOSed tO I m prOve Calculate the neighborhood function ‘ & /AX
Iy —nill® lteration End?

i ] hpi = exp T To02(8) weightin
accuracy of the reactor safety analysis code with the IET data [5) w“
directly: Data Generation, Data Clustering, and Multiplier Granangveping vcrs

Wij — W) = > Error Calculation Input layer
- - - hii(©) - a(©) - (x(6) = (©)) Xy X, Xq
Coefficient Calculation.
f Data Generation \ | Data Clustering | | Multiplier Coefficient Calculation | Hyper paramete IS
\ i f Optimization Method for Multiplier Coefficient | M AP Slze 30 X 30
o || o o - Initial topology : hexagonal layer
Void Fraction *| Interfacial Heat Transfer %;g_ ; a"’ AN 2 08 | - -
: Interfacial Friction o s L) N L The number of iteration : 10000
» Design Basis Accident range - " amalizediogTo i wall FRIG +1) i SO 3? Leal‘nlng resistant: 1 -t/ tend
o Clustering methods

cosf - ‘ * Self-organizing map
‘ ' | * K-means

=| Average silhouette coefficient and gap coefficient

* Fuzzy c-means

Clustering indices FW— pu;FW

D_ Eq-L I I I I I I I I I ?

normalized log10 (vapor wall FRIC +
© © o o o o o°o
[~ w - (5] (=] -~ [=-]

 Silhouette coefficient

Hormalized Iégw liquid m;val F
‘ ..-.':.!.“,', - ..'“ -. | 04 S
- ..':: ’ o; T T T T T T T T T
or b s R L . o g H;— 6;H;
‘ i R | . ap coefficients NS o i i 6.8
op . . . peos ' Fl=> kFI 0.53 | '.
0 01 02 D'.a 0.4 0.I5_0.6 07 08 09 1 : % 2 4 ] | I | |I
normalized log10 (liquid wall FRIC +1) ) L ) L ) 4#‘ | 'EI-'EI- | I | || I|I .!.I_
E | == | {
) | I NESYA T
R | I II | #* .54 = l ; II| T % | .
. _I ;A L 7 |
| _*f I I| | X } | i I|
[ | i ) i
I. I I . -*- | I | | I _
dla Generatio SRR | | L |
’ i | \ i 1
1 B II
| |

o
n
3
-
_*_

average Silhouette coefficient
o
=~ n
n —u
_*T
s
4=
_*.—
4
T o=
-.*_
T
=
_*.-
=4
=
w-.*_
-*-— J— —
o
.*.
Gap statistic
on
on I
]

o " ||'I ;*‘H*?# ! Jﬁ‘* ||| | A "l 5.8 | Rf ﬂ !
- . - i 0.48 | ; ||' 1 ﬁf ?:. \ ! ari"l rl‘ el
=| The range of training Input parameters (thermal hydraulic : R
conditions) expanded from the range of DBN In Baraka i 2
nUCIear power plant- | " v ” thegsumbgfnfc:uusiersmﬁ " " = " v ” thegsumbgfnfc:uusiersmﬁ w " =
Input parameters :
Pressyre 0.09 — 19.0 MP3 = Optimal cluster number and results
Fluid Temperature 23 - (Tsat+5o) K Wall Heat Wall Friction Interfacial Heat Interfacial Friction
Wall Temperature 25-1184 K Transfer Transfer
\Void Fraction 0-1 Minimum clustering |71 55 49 51
Mass Flux 3 - 150 % number
Slin Ratio 1-3 Optimal clustering 109 55 83 60
P : : number
Hydraulic Diameter 8E-4-12m
Volume Length 0.01-550 m S ™I
Angle 0° or 90° ol B B IS | R |
Roughness 0-2.0E-4m e e b = B g
u| SOM training data g o
- wall heat transfer: liquid wall HTC, vapor wall HTC, heat regime (3D) K <> : " <) : K Pt 10 ot 0 1) B

- wall friction: liquid wall FC, vapor wall FC, flow regime (3D)
- Interfacial heat transfer: liguid interfacial HTC, vapor interfacial HTC, flow regime (3D)
- Interfacial friction: interfacial FC, flow regime (2D)

Single Vapor a///\ mist post-CHF ——

Film - ., - soaue

stratified —|

E Summary and Further Works

mist pre-CHF — .,

annular mist —|

=| In this study, a new method is being developed to directly
utilize IET data to Improve accuracy of the reactor safety

o R - | - : analysis code: clustering the constitutive equations, and
calculating the multiplier coefficient for each group.
—————"—__ |~ [T T =] Data for clustering is generated from the MARS-KS
Q ' o constitutive equations, and SOM method Is used for clustering.
.. - =| In future works, multiplier coefficient should be calculated
o " o for each group.
| This work was supported by the Nuclear Safety Research Program through the
| T Korea Foundation Of Nuclear Safety(KoFONS) using the financial resource
o by granted by the Nuclear Safety and Security Commission(NSSC) of the Republic of

Korea. (No. 1903002)

normalized vapor interfacial HTC




	슬라이드 번호 1








Clustering Study on Constitutive Equations for using Integral Effect Test Data to Improve Accuracy of a Reactor Safety Analysis Code

Introduction





Data Generation

ChoHwan Oha, Doh Hyeon Kima, Jaehyeong Sima, Sung Gil Shina, Jeong Ik Leea*

aDept. of Nuclear & Quantum Engineering, KAIST, 373-1, Guseong-dong, Yuseong-gu, Daejeon, 305-701, Republic of Korea

Email:  jeongiklee@kaist.ac.kr



SOM clustering



Summary and Further Works



▣ In this study, a new method is being developed to directly utilize IET data to improve accuracy of the reactor safety analysis code: clustering the constitutive equations, and calculating the multiplier coefficient for each group.

▣ Data for clustering is generated from the MARS-KS constitutive equations, and SOM method is used for clustering.

▣ In future works, multiplier coefficient should be calculated for each group.

▣ There are many uncertainties and errors in the modeling of reactor accident phenomena even though many thermal hydraulic experiments and researches have been conducted for five decades. 

▣ In this study, following methods are proposed to improve accuracy of the reactor safety analysis code with the IET data directly: Data Generation, Data Clustering, and Multiplier Coefficient Calculation.

▣ The range of training input parameters (thermal hydraulic conditions) expanded from the range of DBN in Baraka nuclear power plant.

▣ Hyperparameters of the SOM model

		Hyper parameters

		    MAP size : 30×30

		    Initial topology : hexagonal layer 

		    The number of iteration : 10000

		    Learning resistant : 1 - t / tend



		Input parameters		

		     Pressure		0.09 – 19.0 MPa

		     Fluid Temperature		25 – (Tsat+50) K   

		     Wall Temperature		25 – 1184 K

		     Void Fraction		0 – 1 

		     Mass Flux		3 – 150 %

		     Slip Ratio		1 – 3 

		     Hydraulic Diameter		8E-4 – 12 m

		     Volume Length		0.01 – 550 m 

		     Angle		0° or 90°

		     Roughness		0 – 2.0E-4 m
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▣ Optimal cluster number and results

▣ Average silhouette coefficient and gap coefficient

▣ SOM training data 













				Wall Heat Transfer		Wall Friction		Interfacial Heat Transfer		Interfacial Friction

		Minimum clustering number		71		55		49		51

		Optimal clustering number		109		55		83		60



wall heat transfer: liquid wall HTC, vapor wall HTC, heat regime (3D)

wall friction: liquid wall FC, vapor wall FC, flow regime (3D)

interfacial heat transfer: liquid interfacial HTC, vapor interfacial HTC, flow regime (3D)

interfacial friction: interfacial FC, flow regime (2D)
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