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Main Features and Applications of CUPID

N

©O ©0 0o © o

Fluidic Device

Passive Auxiliary Feedwater System
U~ Research Reactor
iISMR

-0 Summary

CONTENTS.
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— Fast and Robust 3D 2-
Phase Flow Solver

— Scalable Iterative Solver

_ for a Large-scale
Main Features Computing

and Applications
of CUPID

— Multi-scale Simulation
— Multi-physics Simulation

~ Etc. (RV, CT, SG, PAFS...)



Fast and Robust 3D 2-Phase Flow Solver

Commercial CFD mainly focuses on 3D fluid dynamics
and has limited applications for 2-phase flows especially
when a large phase change is involved

-l Models and
Commercia CUPID Correlations for
CFD Nuclear Reactors
\ - * Unique
umerica Numerical Model  2-Phase Interface
Models of 3D Momentum and
. . for alarge phase
Fluid Dynamics Energy Transfer
o change 2
s * CFD-or Moces
Performance * Multi-Scale/
Computing (HPC) it Physi del
ot scale Analysis of Y
etz RV, SG, and CT

RV: Reactor Vessel, SG: Steam Generator, CT: Containment

Multi-physics Computational . orRUXE
Science Research Team 4 o



Scalable Iterative Solver for a Large-scale Computing

The most time-consuming part in CUPID time_pressure
is the “Pressure equation” solving el / time_total (%)

module 191,800 78.8
» The pressure equation takes more then e e
90% of total computing time depending 4,773,600 81.6

on the number of cells 12,357,600 26,2

» The Conjugate Gradient (CG) solver is not 21,683,700 90.2

scalable and we need to develop a new
iterative solver which is scalable w.r.t the 107,968,000 92.9
number of cells

Development of a Geometric Multi-Grid = ] — dweivon N
(GMG) solver for unstructured mesh '
> CG solver: Time, oc N o
£
. = 1034
» GMG solver: |Timeg,,; N*°
» The new GMG solver is Easy to use since ~
the unstructured coarse meshes are o Number of cells
generated automatically T R R T TRt TRt
S 5 R
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ti-Scale Simulation fo

r a Fast Transient

-

Domain - RELAPS —
Overlapping #) DATA Transfer
Data Transfer is needed between L CFD Ex)
\_ Two separate solvers — RELAPS/
CFX,
e - FLEUNT,
Domain )— RELAP5S —. .— , \_STAR-CCM+
D ecomposi tion ¢ » DATA Transfer
Data Transfer is needed between CFD
\_ Two separate solvers - )
Single )— MARS EEEH CUPID E ,
Domain C ’11 2 3 4 5 i 7 8 9 1\: :\; 12 13 14 15
Single pressure solver matrix d T e &2\ Conrib
5 X o X tributi
: No need for the Data Transfer : > from MARS.
k — Versatile application to transient problems
* I.LK.Park et al., Annals of Nuclear Energy, 2013. z <Combir;edXPreXs§LEr? Matrix of CUPID>
oo 6 T pamzmeze
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Multi-Physics Simulation (TH/NK/FP)

Coupling of Multi-Physics Codes

» Neutron Kinetics Codes: B MiAsTER, DeCART

MASTER, DeCART Heat(:;::e)rauon (Core Power) l Coola:}t?}rr:z;a}rties
» Thermal Hydraulics Code:

CUPID, MARS F;uelandCIad
» Fuel Performance Codes: mmroens Heamux’- CUPID

FR A PTR AN’ MERCU RY (Fuel Performance) (CoolantFlow)

-Temperature

Time: 13.5

- ’i" 30000.0
+- 250000 2

&

— 20000.02

' |5ooo.n§

- 10000.0 5
o

[ 50000 5
0.0

Full Core Pin-wise Simulation of the Steam Line Break
Accident of OPR1000 * H.Y.Yoon et al., Nuclear Science and Engineering, 2020.

Multl_phySlcs Computational S/ omuxmony
Science Research Team 7 “ [ KAERI" Kores Atomic Energy Research institute
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Component Analysis in CFD-Scale

B ROCOM (IAEA CRP)

*Y.J.Cho et al., Nuclear Engineering and Design, 2019.

Bl DeBORA Benchmark

T T T
Test-01

0.000e+00 044
0 T T T u L T
00 01 02 03 04 0s 06 07 0.
r=(r-r)/(r-r)

*Y. Alatrash et al., Nuclear Engineering and Technology, 2021.

. . T
Void fraction 154 \ ]
4399e-01 149 |} ]
T 134 % Exp. Data RO RN R10 1
S 12 W B Elov (1730mm) s 1730 —— 1730 1730 ]
B } ® Elov. (1480mm) 1480 —— 1480 1480
0.32989 ® 114 T A Elov. (1230mm) 1230 — 1230 1220
- = 503 ¥ v Elev. (980mm) 960 080 900 ]
= 2 W ® Elov. (730mm) 730 730 730
= Q 094 A Elev. (480mm) 480 480 480
F ® 084 3
021993 § 003 ]
E 2 064 ]
E g o054 ]
010996 % 1
&
s ]
z -
=t
=
8

Multi-physics Computational
Science Research Team

OECD/NEA HYMERES-2

» Helium layer erosion test using PANDA
facility of PSI

» Vertical steam jet with obstructions

- 4
\
0s 300s

* J.H.Sohn et al., Nuclear Engineering and Design, 2021.

Helium mole(-)
024

0.18

Steam Generator

8

0.75

;
m!m':rwon:‘u (| (TP
[

o

(-

Ve
7 SERAIXEoIag

{ KAERI  Koren Atomic Energy Research instiute

C
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MARU (Multi-physics Analysis Platform for Nuclear Reactor SimU lation)

D E S 012(MARU) of| EiC
Multi-physics Analysis Platform for Nuclear Reactor SimUlation
MARU= F7L EA Ar8Y =+ U=

- CHE2|/Cs A2 S8 A7l HIS
< ARt 7| &2 8o YKL LIS Hat MAIZETHE

Cts 212 i 7122 ®IS Lo

« YIXF2 LHo| oA Font mojstor & Hatol w2t AIS [ 717 [ BER] | B4 AU A0 7ts
o« @ M2 | R LIREE CHEEAAIY 81 71 (Implicit coupling) 2

iy
el
2741

X2 AE 291Y

Zoom-In

/ n

#xiz
7171 231

J ua=

Fh AHY

Ct22| A A 7120] B IS

< URI2O| W42 0NRS [ - B2 S/ HHR A B
«Hizd] SEIRI0) TN CHB2| | oA 715 X8l

=2
w82y 3=

DeCART
MASTER
nTER

HIHE7IE Al A 82 & JASLIC

*MARU &= #Xt2 S8 oM 2 2ot Turnkey solutioniL|Ct.

ox
ot
JZ‘-
m|o
i
g
™
N
ojr

US|
aYY L M ac

CUPID

AR
—JEEER eI
FRAPCON

FRAPTRAN
MERCURY

« QA OfCIAMLE, 3t o] S2l0 2 RIKIZ0f| Ih2 ZX| Y HE], HPC 7|t ChE2|/CHEAH| AL Y SX2| 71X

MARUE S8l +8 7HsEHL|Ct

N\ DI
*)< “Iu”x

HPC E3 33
CHE2| 17| S / CHS A oA

AR HEE g
GUI 7|t 212 Tf 48
GUI 75t o] e
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Fluidic Device



Concept of Fluidic Device

Bl Advanced SIT of APR1400

» Efficient use of the ECC
water in the SIT AN
» Fluidic Device
« Complicated internal structure

« Standpipe, supply nozzle and
control nozzle

A vortex flow control device

) Standpipe
-

Supply

Control

(@) The internal structure

Multi-physics Computational
Science Research Team
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Multi-Scale Analysis

B Analysis of VAPER Experiment
> MARS (System Scale)

Safety  pemj-water
Valve Supply Line

« System scale calculations .
v"Using “accumulator” components i .
v" Using “Pipe” components L + =i
Rec:]rﬁumlst' n @ |

» CUPID (CFD Scale) ﬁ s

* CFD-scale (RANS-scale) local

pressure drop calculations -
for Control/Supply Nozzle o
?\rﬁﬂ VAPER test facility

» CUPID (Component Scale)

« Flow resistance models
v simplifying the flow in the vortex chamber

« (Calculation using a component-scale coarse grid
A

Multi-physics Computational (P,/ ]
Science Research Team /KAERI"  Karea itomic Enerpy Research institute
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CFD Analysis

B CFD-scale Analysis of control/supply nozzles
and Rg o1y nozzie IN CFD scale

« 2D calculations for the supply and control nozzles
« Calculate the pressure drop through the control nozzle

» Rcontrol_nozzle

-Inlet mass flow: 40.3 kg/s

-Outlet pressure: 1 bar
) . ) i
- _nzl = ~~
> ./\' AI:)control_nozzle =0.02 Mpa
" | 2 Kcontrol_nozzle =4.49

Pressure
g =20°
\/ | |

ct

boundary
N\
\ \

e
\ I 8.8
\ 7.7
y -6.6
IVsp_nzI ” 55
44
E 3.3
/\ I 2.2
i
T~ @
( T/Flow W W
ndary . =
COos 00 supply_nozzle control_nozzle
6, = 20°
0 2 Ksupply_nozzle
. . . e
Multi-physics Computational (—._.4“._'“ SlEUXITOITR

Science Research Team
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Calculation Results

B Comparison to VAPER measurement

—— CUPID
& - - - Measurement

Pressure (MPa)

0 T T T T T T X 1
0 50 100 150 200
Time (s)
10
——CUPID
8 - - - Measurement
S 64
% Alphag Alphag
4
= 4 4 Sl Tank ' 0.88889 l 0.88889
o L 0.77778 0.77778
= - 066667 - 0,66667
- 0,55556 - 0,55556
2+ L 0.44444 11044444
£ 0.33333 - 0,33333
1 0.22222 0.22222
e e e s, 011111 , 0.11111
0 - T - T ™ T T 1 Z @ 3.0008e-08
0 50 100 150 20¢ v bx
) y )
. Yolume Fraction, step O Yolume Fraction, step O
Time (s) Contour Fill of Gas Fraction, Contour Fill of Gas Fraction,
Multi-physics C tati I 0
u |‘p yS|CS Ompu ationa ( ,.-'f Eiﬂx}aﬁ_—rlﬂ
Science Research Team

/KAERI  Korea Atomic Energy Research Institute
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Code-to-Code Validation
B Comparison of MARS and CUPID

Level (m)

Pressure (MPa)

Initial Pressure _¢— measurement
=4.1bar ——CUPID
- O0- MARS-Pipe
- O- MARS-Accumulator

T T 1
0 50 100 150 200
Time (s)
10
—&— Measurement
8 1 —/— CUPID
- O0- MARS-Pipe
5 - O- MARS-Accumulator
\ \U.
AR
44 AN
TENDS
O
21 Sul
~a.
04 : : N RS 1
0 50 100 150 200
Time (s)

Multi-physics Computational
Science Research Team

V2

Vi

MARS (accumulator)

P2

P1

MARS (Pipe)

: Ur q‘q:[ E101 ﬂ
( 4&5“' Kars ﬁmc[ LR nﬁ.luh-
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APR+ PAFS
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AnaIyS|s of PASCAL Experiment

B Multi-scale T/H analysis
» Long transient phenomena: ~30,000 s  Modeled | som——

] : by CUPID PCCT
» Coupled MARS-CUPID Simulation

« MARS E'T*.:mg
v' Steam generator and steam supply line . -_
v" Two-phase flow in the heat exchanger tube Supply
v' Water return line N

- CUPID w
v Two-phase flow in the PCCT Modeled

by MARS

» Coupling interface
* Heat exchanger tube outer wall
* No flow exchange
« Heat structure coupling

Return
Water
Line

Elegtrical IS
ater

8]

Generator

Multi-physics Computational AL simg
SHRQIXIZICI DR
Science Research Team C / = .}._'. T
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Calculatlon Conditions

B Multi-scale analysis

» MARS: 1D analysis
* 40 nodes for the horizontal U-tube

> CUPID: 2D analysis B
* With the porous media model &= e[

* Rectangular mesh (1815, 33x55)
» Simulation time: 28,800 s

» Boundary conditions g
 Pressure boundary (atmospheric) | e
« Steam generator heater power .
%
v } PASCAL Test SSiPL-S;lD-Pﬂ B % % ~ —
5 | | ‘
%m [FoHR_ss (ka)I )
PV |
Multi-physics Computational e —~)

. s SERAXE I
Science Research Team < / K s hese e
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Calculatlon Results (1/2)

B CUPID-MARS Analysis of PASCAL
> PCCT boil-off transient (CUPID)

Swelling Boil-off —
0 sec. 7580 sec. 10000 sec. 15000 sec. 20000 sec.

» Condensation inside PAFS tubes (MARS) MARS

Flashing, bubbly flo

Slngle/two phase
natural circulation

Subcooled boiling and condensation
Bubbly flow \J
9 090 0 08 009Q

Alphag MARS Alphag MARS Alphag MARS
0 sec. 1 5000 sec. 0.99815 10000 sec. 0.99754
0.88889 l 0.9763 I 097516
I 077778 ‘ ‘ 0.95445 0.95278
- 0.66667 -0.9326 -0.93041
- 0.55556 - 0.91075 - 0.90803
- 0.44444 - 0.8889 - 0.88565
-(0.33333 _ - 0.86705 L - 0.86327
0.22222 0.8452 T 0.84089
IU.11111 \ ‘ I ‘ | ‘ | 0.82335 ’ I ‘ } I | ‘ 0.61852
: T 1] 05015 T 0.19614
Multi-physics Computational - __,./7 SR

. rayi
Science Research Team /KAERI  Kores fsomis Energy esearch instiate



120 12
0 PASCAL
. 0 ——CUPID
£ €
o ] © 4
5 90 S 8
c =
g % 64
IS
)
= 60 . E 44
5 Position-1 (0.45 m, 9.5 m) O
© = PASCAL L .l
= — CUPID
30 T . T T T 0 T T T
0 5000 10000 15000 20000 25000 30000 8000 13000 18000 23000 28000
Time (sec) Time (sec)
N
(] (]
PASCAL Liquid Temperature
Water Level
Temperature
1044 15000 sec.
1036
103.2
102.8
102.4
102
1016
101.2
100.8
100.4
100
PASCAL Test : $8-540-02
t=7500 sec
ol o v v v
0 2 4 6 8 10 12

Multi-physics Computational
Science Research Team

T DRUN AT

SKAERID  Korea Atomic Energy Research Institute
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In Research Reactor
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S;p n Break in Research Reactor

Bl Schematic of Research Reactor

» LOCA at outlet
- Water level decreases (1)
« Siphon breaker uncovered (2)

« Air supplied into main pipe
through siphon breaker
« Water drain stopped

Main pipe:
Initially, filled with water(298 K)

Outlet: atmosphere(LOCA)
>

. . . A
Multl_—phySlcs Computational (t’:/ R T PID VI
Science Research Team “ [ IKAERI" Korea Atomic Energy Research Insttu e
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Mechanism of Siphonage Flow and Break
Siphonage Flow Rate and Siphon Break

1) Two-phase flo

-
______

' Y
B - Sharp Interface
7
Drag in initial low | Wi, [Tanstion Temsten |Trersten
o void region ‘<
2) Flow rate: wall friction 9 Bubble| Transton | prics
m bubble Region
-Turbulence Model ~ o
-Algebraic model Rl | | |
-k-¢ Model
,
3) Siphon break: interfacial drag
- |AC model
Multi-physics Computational - =10
Science Research Team Drag mOdel /lcsm m%?JLIL ....... 1 E.fl
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Postech Siphon Experiment
Schematic of Test Facility

Siphon breaker inlet

@ Differential pressure transducer
@ Absolute pressure transducer

Dome type camera

&3 siphon breaking line

Y =l
Visualization Siphon Break Undershooting Level (cm)
Upper tank | camere Line Size
W | em (inch) Pipe Break Location A Pipe Break Location B
Orifice assembly (10_58 m) (6‘58 m)
= L
3.35m =, _ 0.33 0.21
from Ultra sonic ﬁ;
w r &=t
bottom o
Pipe Break Location B 1.46 0.52
(6.58m)
Fail to break the siphon 505
—® phenomena '
Pipe Break Location A Fail to break the siphon Fail to break the siphon
(11.58m) i phenomena phenomena
Lower tank
Multi-physics Computational 4|

>
i ~ SHRAXIH AN
Science Research Team (TIEAERI e

Harea Atomic Energy Research Institute
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CUPID Calculation Setup

Bl Mesh Generation

» Node, Cell, Face:349207, 328400, 1005120
» Tank shift to the right to save mesh & 14 CPUs were used

Fine mesh in siphon
break region

Multi-physics Computational - .
. ('
Science Research Team /KAERI " Korea tomis Enerpy Research Institute
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Calculatlon Results

B Transient of void fraction and pressure

Time= 30.00s Time= 40.00s

Time= 10.00s Time= 20.00s

Vacuum

Atmosphere

Time= 40.00s

Time= 10.00s Time= 20.00s Time= 30.00s

Pressure(MPa) Pressure(MPa) Pressure(MPa) Pressure(MPa)
0.172 0.162 0.138 0.138
E Eu 136 E
3 E E0.133
=0.150 0150 E E
= E —0.128 E
0.125 =0135 E 0126
E E 0.120 E
Eo 120 2 Eo 19
-0.100 3 3 E
E E =012 3
E “0.105 3 =012

‘ Hydraulic head Atmospherg_‘ (/’

/ KAERI

EU.WS

"0.053

Multi-physics Computational
Science Research Team

£0.090




B Effect of Physical Models

» Interfacial drag & SMD
» Turbulence model

4.0

3.5+ My

3.04

Water Level (m)

25

—— POSTECH Test

—— Db=69mm
—— Db=56mm
—— Db=51mm
—— Db=34mm

Db=30mm

—— Db=25mm

Db=20mm

—— Db=17mm

Effect of SMD

Db=10mm

YA

0 10

Multi-physics Computational
Science Research Team

20 30
Time (sec)

Water Level (m)

3.5

3.0

Effect of turb.

Experiment

—&— CUPID-Base
—e— Mixing Length* 2
—4A— Mixing Length*0.5
—&— k-¢ Model

10 20 30 40 50
Time (sec)

Time: 0.000000
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Application to
SMR Conceptual
Design

— Natural Circulation
of iISMR

— 3D Full Core Analysis
Using Subchannel Model

— Conceptual SMR LOCA
Analysis
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3D Flows in Two-Phase Natural Circulation

Two-Phase Transient Phenomena under Accident Condition

Heat Structure LOIUDBN > Reactor Pressure Vessel (RPV) Side
e - LOCA (RVV, RRV)
stearn Jet « Boiling and flashing
A »Containment Vessel (CNV) Side
gt ] « Steam condensation on heat structure surface
condensatiory « Radiation heat transfer
diation »Pool Side
— « Two-phase natural convection
* Boil-off

recirculation

boilin thase
natural

convection Two Natural Circulation Modes in One System

accumulation . .
* Model: Two-phase natural convection in a pool
of condensed

Ywater = Mode2: Recirculation via RVV & RRV

. . . — )
Multi-physics Computational L AL e ximoisg)
< /xani EE'_ }_'?_?'T,

Science Research Team 29
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Required Models for iISMR

Component Models

» Valve(RVV, RRV): Blockage, on/off timing control algorithm
» MCP : Homologous curve MCP model, flow rate control by RPM

» Steam generator: pressure drop model (primary side), heat transfer
coefficient model inside/outside helical tube

Physical Models

» Porous model: flow resistance model outside Rx core

» Sub-channel model: pressure drop model, turbulence mixing model
» Condensation model in containment vessel

» Radiation model in containment vessel

» Critical flow: 2-phase critical flow model based on cell-centered mesh system

Multi-physics Computational
Science Research Team 30
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Model Development (1/5)

Valve(RVV, RRV) Model

Steam

Release ZNUHS 29 Volid fraction transient
" ES] mv¢°\"
RVV =282
(Vavle 1) §
EO&}XW
E: Recirculation of
RRV <
(Valve 2) E:
(Natural Circulation) E (riti:al Flo) Osec
Time: 170.00 0000400 Time: 300.60 Opened at 5.0 sec
[Test calculation of NuScale RVV] [Test calculation of NuScale RRV]
R a0
G000 4 MACP initizlization Naters] Circulton
(052c-25052c] — — Forced Circulation il.
IRCS flow at MCP face 5000 <4 eady wi \* madel !
7—||- MCP=1 OOOkg/s ?;st:cdtgﬁ[:ecc? ! ———"l'_—,oﬂm—“‘@‘-*
colom I S —
g : Transient by O rpm MCP ? i "
u_g_ 3000 - i (405 52c-1000 s2<) @ to N.C. condition
@ 200 | E
:: ) Converged to SS-NC| flow
1000 4 &
u_/ T Apply Homologous iz Natural Circalaton
curve at 250 S = = Forced Circulafion
Domain decomposition Q 20‘0 iﬂlﬂ &0‘0 acln 1000 1] 20‘0 a.clm Eﬂlﬂ ac'n 1000
(np=10) 1p=10 Time (s} Time (s)
[Locations 4 MCPs] [Flow pattern by MCP] [Transition from forced- to natural- convection by MCP RPM control]
Multi-physics Computational AL simg
Y X201
(,.-4asm :ﬁht}'“ﬁh

Science Research Team 31



PZR Model

PZR 3
PZR plate !
4 MCPs perfol g s
plate
Perforated plate Im_T
l}:t'w Z lv:. 0
[PZR plate modeling] [Steady state calculation with NuScale condition]
Porous Approach-based Inner Structure Model
» Porosity and permeability: flow volume area in governing eqs.
» Three pressure drop models: similar calculation results R Design value: 107.8 kPa
3 ]
_dp/az,, _(dp+dp )/dz .
F F control F — f C T 50000
wk steady wk Vstzeady ix cH ™~ AH C\/H ASH /0 ix | |x| o) A E1 - 117 kPa
1.SS state-based K-factor 2. P-based adaptive K-factor 3. Friction-based physical model R
Time (sec)
[Calculation result with
Friction-based model]
R . e
Multi-physics Computational A -
Science Research Team 32 < /kneri ?%?“Jiﬂfﬂi%
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Mode Development (3/5)

Reactor Core TH Model

» Assembly-scale: reactor core model package (PWR based)

» Subchannel-scale: reactor core model package (PWR based) + subchannel model (friction &
turbulence mixing models)

[Calculation conditions]

Initial condition Pressure : 150 bar kme: 8008 s
: Assembly-Scale Frad Tomp, 0 P s 00
Fluid temperature : 560 K s
Fuel rods temperature : 594 K e Im'" '“"“
Volumetric heat Core : distributed into each channel, Total 259 MW ::: ;“,,,, :;5’”‘
SG : simple model, Total 259 MW & w E E
a ; 3
Simulation time 1,000s H ﬁ: out 585K e S

Flow rate:1034 kg/s Iw.oa

| 547.43
542.58

3D temperature distribution

_____ Subchannel-Scale

Time: 800s

Time: 800s
. | Temp. (K) Fluid Temp. (K)
- Assembly scale (1x1) = quw lsemz
] _ 581.62
W =574.7
f—: E “569.99
E : OUt 582 K 1“2‘9 -Esso.u
~{ Flow rate:1291 kg/s lssm I
o] 546.72
FHH - ”———'—*‘*———'—Tm'— s38.18 s1069
- Subchannel scale (17x17) 17 . Y”."E:’).
2 ‘bl’ l Ry . Different friction models
<Assembly scale> <Jubchannei scale> <(ore 7?gl0n>
[Assembly-, Subchannel-scale Full-core meshes] [Assembly-, Subchannel-scale SS calculation results]
Multi-physics Computational : SIRQI T
Science Research Team 33 ' / e T ?-—

/KAERI  Korea Atomic Energy Research Institute
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Model Development (4/5)

Condensation model

» Colburn-Hougen model, modified shah(KAIST data)

> Effect of NC gas property

* Diffusion coefficient: function of molar weight, atomic diffusion volume

D — 0.00266772
i P-'w,]\'lfilﬂl.mu!}
where D,,, = diffusion coefficient, cm?/s

temperature, K
P = pressure, bar
oy = characteristic length, A
{},, = diffusion collision integral, dimensionless

3.4164867815924600-003

@ Steam+air

7.3642002452791830-005
Steam+air+H,

&y coef_diff(1)

&y coef_diff(1]

Effect of diffusion coefficient on condensation HTC

Multi-physics Computational
Science Research Team 34

500

N

o

o
1

w

o

o
1

200 A

Heat transfer rate (W/m2 s)

[

o

o
1

0

Original
—— NCG Mod.
T T T T T
0.0 0.5 1.0 15 2.0
Height (m)
c h./,/ﬁ
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Model Development (5/5)

Radiation model

TestST1-1-2 t=288s

120

> Radiation heat transfer in containment
vessel (CV)

» P1 model
* Transport equation of incident radiation (G)

14

112

1
740 VG )| — kG + 4xkcT* =0 i
<3(K + 0;) — A 0 ) kb + ako

Radiation HT in CV -

> Effect Of emiSSiVity Experiment no Radiation gray
Effect of radiation model-HYMERES?2 project
> Effect of vacuum [ project]

106

104

x7| ot 2kPa.abs latm latm
(LHZFA 20) (AHEA 7o) (LHFEA 7o)
& 24l (Total) 0.109 MW 1.040 MW svac 7‘1’ é%‘é’:‘é"mw s
d=4(EAh 0.089 MW 0.083 MW 0.013 MW
2 7|8 2= 392K ~ 538K 419K ~ 441K 327K ~ 349K
RVIH 2% 478K ~ 542K 460K ~ 500K 379 ~ 463K (©0-01299)
N Geiente Researeh Team. 35 Ty p2ummES
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Preliminary Calculation for ISMR Design

Design Specification of SMART

I s

‘> In-Corelnstument (ICI) System Pressure (MPa) 15 13.8

Pressurizer (PZR) Core Inlet Temperature (K) 568 538
Core Outlet Temperature (K) 596 594
RCS Flow Rate (kg/s) 2090 641
4 Reactor Coolant Pumps (RCP)
Power(Electric/Thermal) 100/330 60/192
No. of Steam Generators 8 2
8 SG Cassetts (Type) (heilcal coil cassette) (heical coil)
No. of RCPs 4 0
57 Fuel Assemblies of a 17x17 Array No. of FAs 57 37
(Array) (17x17) (17x17)
Multi-physics Computational ’“A
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ISMR Mesh Generation

Conceptural iSMR Configuration and Mesh Generation
» 15 MPa single-phase water
» Test power=100 MWe, 133MWe, 166 MWe
»Problem time=1000 sec
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SenSItIVIty Study for Natural Circulation Flows

Natural Circulation Calculation
» 25% of SMART Pressure drop

Power (MWe) Flow Rate (kg/s) Tout (°C) Tsub (°C) AT (°C)

100 892 319 16 54
133 938 323 12 58
31671196.000 596492 166 1082 338 -3 73
[ 590
25e+7 660
Eores L 1400 - 100MWe 100MWe
o4 — 570 - = 133 MWe - = 133 MWe
— 15e+7 ‘g = 1200 —.  166MWe 640 - =+ 166MWe
E 1047 [ — 560 —_
(2]
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3D FuII Core Mesh Generation for iISMR

Mesh for the Subchannel Scale iSMR

» Full core analysis with local resolution control: nonconformal mesh

Assembly scale Subchannel scale
Nonconformal
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Number of cells Number of cells

14,153 265,005 A
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Implementation of Subchannel Model

sc_type
3.000e+00

Subchannel Model

» Friction Model from MATRA code

» Turbulence Mixing Model=EVVD

g
)
2

tn

- L f o\ (Gk
Friction factor AP=——(—+K|IZ
2\dpy Pk
Kg (Wi kW, 0.75
Form loss AP, = ——G(—”'kl ’/"‘l)
2 Lyprsiy
Turbulent mixing and * EM (Equal Mass exchange)
void drift * EVVD (Equal Volume exchange and Void Drift) 0.000e+00
. K (Gi
Grid spacer AP = ——| £
2\ pk
Subchannel type
definition

Hydraulic diameter
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F I Core Analysis with Subchannel Model

Test Calculation of Subchannel Model

»Uniform heat source at the reactor core
»Turbulence Mlxmg by EVVD model, Friction by MATRA model

1200
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Conceptual Problem for SMR LOCA Analysis (1/3)

Setup a conceptual problem to verify the CUPID code capability for

the application to SMR LOCA analysis

2D mesh model for RPV, CNV, CNV solid wall, and UHS

Heat Structure
(CNV)

steam jet

o

‘.
flashing wall 8

Pool (UHS)

. .
condensation 8

boilin recirculation

accumulation

of condensed
Twater

2phase
natural
convection

SMR LOCA Phenomena
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1 wall

1 Solid [

RPv [

30 C water at 1 bar

100 C NC gas
at 1 bar

A
I

312 C steam
at 100 bar
Ug=0.1m/s

2d Mesh Model
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Initial Conditions
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Conceptual Problem for SMR LOCA Analysis (2/3)

Verification of physical models
»Wall condensation in CNV (water level increase)
»Heat conduction of the CNV wall
»Natural circulation in UHS
»Boil-off in UHS (water level decease)

Verification of numerical stability for

»Simultaneous calculation of the two fluid regions separated by a
solid wall

e}
=
2
=3

Time: 5.0 sec Time: 10.0 sec Time: 130.0 sec Time: 330.0 sec 1.000e+00

0.74999

0.49999

I
N
o

0.000e+00

Multi-physics Computational Non-condensable gas transient in CNV up to 330 s ,.:’-J",f"ﬂ o1 2o
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Conceptual Problem for SMR LOCA Analysis (3/3)
10° seconds (27.7

hOU rS) Of Iong Liquid temperature in UHS Gas volume fraction
transient was e
successfully simulated Mg el s
»Water lever increase
In CNV due to
condensation
»Water lever decease In E

UHS due to boil-off

Numerical stability

» Simulation took 4300
seconds with 4 CPUs [ |
»Practical application Sy

to Full 3D analysis is
achievable

Void fraction

E 1.000e+00
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Summary



Analysis of passive safety features using CUPID
» Fluidic Device in APR+
» Siphon Breaker in Research Reactor

» Passive Auxiliary Feedwater System in APR+
> RDV/RVV in NuSCALE

Bl Future Works

» LOCA Analysis of iSMR
 EDV/EVV
e Passive Auxiliary Feedwater System
e Air Circulation in reactor building

Multi-ph C tat | -
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THANK YOU

yjcho@kaeri.re.kr




