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Post-processing

Open source 7|2t (SALOME)
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dEAAT|8ESHA KA +=
Pre-processing Solver Post-processing
(.)dpgnhsc.)urc_e (SALOME) - Zgﬁgvc;‘tiigﬁg i_E _ Open source (Paraview)
- Workbench 7| ™" - [

GLOVE (KISTI) - @3 =

S

O 8 & CiOEEZEE S
Q KISTI XFA| 7HE ZFA| 8 £

% 2110} (KISTI), LRI AT M O[L}, 2016.6.13
4 @B vl

GLOVE Remote User Interface

GLOVE VR User Interface

Interconnection network

ng Cluster for
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i Z4X} Slice 7EAISH Al AFRXA} Q& 2 A|ZH 2% O|LY
H Xt iso-surface 7tAI3} Al 40 frame/sec O[%

Tera-scale Rotor Simulation (135M Z&})

7kAEE 718 Cutting Plane Surface Iso-Surface
GLORE H[At 0.601111 0.071476 0.830783
GIvI diEH 3 0.006561 0.003535 0.004122

THAZH 0.607672 0.075011 0.834905

A2 M AR T3 CHH| 156% 23
25 & POFOD 0.006%

= [ [elow VisIT/GLOVE
Q 23|

ceeN ds 123
ES LIRS 58] 63| 0.006 0.1 16
FQHAE a3 A2t 53.22% 7421 oMM ZAZ=2 9|3t POFOD HAE Z1}
HA| EAE 43 A|ZH 6388%  1136.65%
SuS H4 69.58 44 5% + POFOD (Probability Of Failure On Demand) &8
(LFEM 214-/150 operation)
- ME2 VR AS SIEIHOI2 T « M2l 42| that HIO|E| ZAISHE ] 16H] OFA
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0 ROCOM Al 318} A
Q OCED PKL2 2| Z =7
» IE|-EO:|§OI- *|'<‘5-|

— B2 X]2 (Branch pipe)
- o}lEt &= (Lower plenum)

Q CUPID =

» Two-fluid three-field model
» Standard k-e turbulent model

C N
— 1O

QO OHA—I EH O |
» H 2N H 7L (against A )
» =7t A 2N 5 -H|S)

LT T

= — e — —— ] _'-

d ROCOM Al Bl A
QOECD PKL 2 Project

» PKL test: fast cool down transient

» ROCOM: coolant mixing in RPV
QOverview of ROCOM

» German KONVOI type PWR (1:5 length scale)
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dROCOM A< 'c'>'H &‘l
Q Salome Open Source Software

» Developed by CEA/DEN, EDF R&D and OPEN CASCADE
» SALOME 7.7.1 (Current version = 7.8.0)
» Hexahedron + Tetrahedron (3,434,527 cells)

[SRMOMITIL - Bhatyll — o
Fit G e b Gy Oy Mape Sapede Thes i ey GRLINTE T
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SN AP /B LN DOSEEL FASING LAY (NSANO

CLUIESSBUAS rI VTSIV ED o0 T
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5 FTRWE PR 48290080005 cTaatlsmvwdsds N

QROCOM Al &j| A

o )
OTest 1.2: MSLB with ECC water injection

Loop 1 2 3 4 ECC
Normalized volume flow rate' [%] | 2.28 2.28 | 6.08 2.28 -
Volume flow rate [m*/h] 4.22 422 | 11.25 4.22 1.87
Volume flow rate [I/s] 1.17 1.17 | 3.12 1.17 0.52
Relative density [-] 1.00 1.00 || 1.00 1.00 1.20

\ J

OTest 2.1: MSLB scenario

» Overcooling in one broken loop

Loop 1 2 3 4
Normalized volume flow rate [-] 10.2 48 48 48
Volume flow rate [I/s] 5.24 2.47 2.47 2.47
Relative density [-] 1.0128 |1.00 1.00 1.00
Temperature [°C] (PKL) 199.3 241.0 2410 (2410
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(Steady State Calculation (T1.2)

__—:T-#"'_—-‘/ =

muﬂ
0.000e+00 0.04 0.08 o.i2 1.867e-01
_— = -

QROCOM Al &jf A
OTransient Calculation (T1.2)
M ECC injection: from 510 sto 620 s

Time: 510.042139 Time: 510.042139

it
W

.‘-
A
k\\ Y
ﬁ;“-
f t
2.98le+02 360 400 440 5.032e+02 f 3.614e+02 420 450 5.030e+02
L B e o [ O o
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QROCOM Al &j| A
OTransient Calculation (T1.2)
» Temperature field in cold leg

Loop4(Low flow rate)

Loop3(High flow rate)
ream of ECC injection position

QROCOM Al &j| A
OTransient Calculation (T1.2)
» Temperature field in downcomer

Time: 580.056000




QROCOM Al &j| A

Tcold

OTransient Calculation (T1.2)

» Temperature field in core inlet

i M
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Loop 4
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Experiment (Time averaged 60~70s)

Loop 2
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Colorscale
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QA | B
» Boiling flow from rod bundle

Void fraction in tubes and upper
chamber

5.000e-02
looa

0.03
1
0.01

I 0.000e+00

Void fraction at the upper region of tubes
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QROCOM Al'S 8| A

Q Turbulence and local flow information

Vorticity

I 20.0

15.0

Turbulence kinetic energy Liquid velocity vector and vorticity

—— =
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QROCOM Al Bl A
QO AKX} Refinement
» Hexahedron + Tetrahedron (13,956,965 cells)

Rod Bundle

Lower Plenum

Downcomer
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T
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dROCOM Al of| A
Q GLOVE Visualization (On-going collaboration)
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dROCOM Al 5| A
QO GLOVE Visualization (On-going collaboration)
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0 7427 ChAFY B4
OpPsRV -0 Chet & 7|2k (KINS) & 2
W7+ 7| ALEL PSRV ZHEEA|
WPSRV Ht = S N| 9| & & (Void fraction) O £ (21 0{ OFgh)
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0 7h 7| EFAH2 Sl A
O Aitdd
» Simplification of geometry
» 8 ARIE S A2 AR
»SHEY, RO HE 7N
» Heater 11 24Qtst

Equivalent
Rectangular shap

Surge line
De

Thermal Hydraulics Safety Research 5-’24/@ =




(@) (@)
g g EWEJ Hé*.
QO BA =
» L=
— 3EA 2 5 OpenA|, critical flow =74 Itk
— homogeneous equilibrium model (HEM)

» RCS
— Pressure QA = (to total volume to RCS)

QA Lt AR
W X 2 24X} (2F 50,0007)
» LT 27} HX}(EHS] 20))

» PC 7| Bl (Window) B 2 A| Al

Big Volume: Equivalent to RCS

. =
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V/V Close
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HACHA|
Q 7H 7| ChXH2 off A
O 344 Zt
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o |p hea | oo ‘mopen —— VIV exit pressure] |
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025
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Time: 96070.093730
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.:I@'. 0|8, 5= MA
M. Ct- 3Lk (perforated plate)
»“'=' Wire mesh

P — I — | L
=i |7| 7|8
» Steam and water mixture
— Leaving the tube bundle 25% quality

» Steam exiting the steam generator
— Higher than 99.75% quality
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Q 3D CAD
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037247 s=2=227] €5 oY

O HRI44 Y
» SALOME Open Source Software
» Wall £-Z mesh refinement
» Vane U L|E X =: Thin wall
W =24} 1,413,2147)
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Top plate

Small-size hole

7.000e+00

(&

Large-size hole

m\lllmmwummhmm g

Time: 96.000072 -1.000e+00

Inermal Hyarauliics >arety Kesearcn=337413—

Q37247 52227 S+ oA
Q Feasibility

» for thin-wall treatment
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vg Magnitude

E ‘ quaility 5.802e+00
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(o O] DOE CASL Z2HE

Phase 1: 2010~2014 ($110M/5yrs)
Phase 2: 2015~2019 ($121.5M/5yrs)
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- “UDHINPAITIN.

I URANIE : Uncertainties quantification, sensitivity, model calibration

— } Coupling apphications

- Integrated into SALOME | 30/04/7012)

I e ion o SALOME plansied (1013-3015)

k- Integration ino SAOME not nesded
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Loy

4-Loop Westinghouse PWR Multi-Physics Model Development

= RPV ID 173", 193/4 Fuel Assemblies, 13,944 fuel rads (fuel pe
helium gap), 434 spacers, 148,224 mixing vanes; 1.2 billion cells

Roadmap

Today

Tomorrow

Later On

55 grid

17*17 grid

Full core vessel
= 17°17 grids
+ 10 grids per assembly
* 196 assemblies

100 million tetrahedra

Drawings CAD Model CFD Model

220 million hexahedra

300 billion hexahedra |

Volume data (full analysis)
4 Gb on disk = 30 Gb RAM
Skin data (rod interaction only)
75 Mb on disk & 1 Gb RAM

Volume data: 40
Gb/step=10Tb

40 Gb (1 step) = 300 Gb RAM
Skin data: 750 Mb / step =
15 Gb = 10 Gb RAM

Volume data: 60 Tb/step=15Pb
60 Tb (1 step) = 500 Tb RAM
Skin data: 1 Tb/ step =

200 Tb = 15 Tb RAM

1 SMP machine
32 Gb RAM

64 SMP nodes
8 Gb / node = 512 Gb RAM

8000 SMP nodes
64 Gb / node = 512 Tb RAM
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Ct

A

{0
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* QIXt2

Multi-physics Simulation

*

A
@423

*

Thermal
. hyd raullcs

Neutron
kinetics

Chemistry

*

ol M HA A=

*c',l‘,; ®™ 7} (full core)

MXIE B2 5} 8

Ct=2 OH*%'
HE 7% A8

Z 75
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