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e ALY CPU Ms29| Mzt 0]
CPU Performance Over Time w

CPU Frequency stalled, Number of Logical Cores advanced

! ! ! ! A

7
10 - Transistors
10° o, B (thousands)
AL,
10° F Y ::i: — Single-Thread
A . «t Performance
& h
i L - ;“‘., 0ip St | (SpecINT x 10%)
3 :: =.5 : 3.‘ I!*“.‘ .'. Frequency (MHz)
10° SRR ¢ 1 'J:-J’ ]
L
i i o g .00 Typical Power
10% | SO A ;,,';; IRI Y :.: 1 (Watts)
10' b 3 - =t vy "':.t }' i 0:; ] Number of
a s B v gl : ¢ Logical Cores
o i v v v vy i -
100 - ’ L ] : L ; e & M SUGEF GSMGSEED & & -1
1 1 | |
1970 1980 1930 2000 2010 2020
Year
Crigingl data wp o the year 2000 collected and ploted by M Hoiowilz, F. Labonte, O Stacham, K Olukatun, L Hammand, and © Batien

foewe plot and gata colleched 1od 2010:2017 by K Hupp

¢ AFH ds, S=1AH B 20| IHE CFD2| #XH 24 280| 83
+ 1D 29| 57| > Xt S B0 48t L= B0

% Passive system X0 LIE X|He2t 5 3k 4t 12St CFD & EQ = Passive system 84s5H7}
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o i
< APR1400 NRC DC |0 A T7H|7|22| RAI EHHE 2J5) 238
+ 2HBE 4,501 2E RCP HXIAEH0IA 14| HXISZASO| ASET U= MBI 2XTSH SASIMA
1 A| Specified acceptable fuel design limitsE 2t=ol=X| H0{}.
2+ Fo| 3y
- ALDSHAMOIA ALESI U= H=EHQI Perfect maxing model0| 0{H3| R551712
o SHMFT Uy
< CFD offA9| E=HrS 1ol EXQl 2UXAHS 718
- THIES] EXIYHAIS 2SS k= =US 71
<« BFolet S43|M0f 2folf ST S Soll FE= RS B2z K
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o oiMTALC, SHMHEA I SHAHX} (1/2)
2 S|MTE : ANSYS CFX

& oM
- Multicomponent flow model (Pure water, Borated water)

= Scalar Transport equation : pure water (Oppm)

- T S
n el o (o Uy U= 07U )+ 5,

at dr; ar;
borated water (1371ppm)

= Constraint equation :
X

¥, ¥=i
i=A.BC-
Where, g 1s the mass-average density of fluid component | in the mixture

[/, 1s the mass-average velocity field

Ej i5 the mass-average velocity of fluid component |
ﬂ(F Tas t_r:) 15 the relative mass flux

& is the source term for component |

Y, is mass fraction for component I

- SST Turbulence model

- 23 1
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o SHMIC, SHAMTH U SHA AL (2/2)

Time step: 0.05sec
Time scheme: second order backward Euler >

Total simulation time: 1,930sec

Convergence criteria: RMS residuals le-4

& EaFQARHOM X7| SAHsE
1) Initial Condition REgde=d SIS
) M A2 7hE

= RCS reference pressure : 31bar
- RCS mitial temp : 350°F
= RCS mtial velocity : stagnant flow(zero movement)
CESE)
2) Boundary Condition
- Charging mlet flow rate: 180gpm
- Charging inlet temperature: 60°F
- Qutlet(located at Active Core Inlet): pressure boundary conditic

- Thermal boundary at walls: adiabatic
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® SlMZu DA == """
o BAHO ZHNME oA UTR QUEE 54 BM SEE ¢ X
UASER| OI5HZ LHZA7IX| YSS Eol 2 : %

2 koAl AT BF D 24 SE| X0[7} AIZHH XLl e )
AESIAOD, T 0j= 1.6%2 K| LSS Hol £ I

; ;

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Timefsec]

Figure 6. The difference of minimum and average boron concentration at the active core inlet plane

r - 1 °°fr T~ nr oy T~ T ' 15"
— AvgPPM| 1
——MinPPM| 7

=S i L b y
- b # k -

Critical Boron Concentration

Figure 5. The varation of minimum and average boron concentration at the active core inlet pla?z
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o HYjZ
% MI2| 357] 2~3%7| HO|'AMUIM ‘BHHH Ol RCP 9 HIHAM UUL XA
% RCP XIS 0|83 QY HIIAT: 043

© T2 2E= 4740 RTD 22 H BF5H0| 53

< Qo 5 O 2Lt ACEXAZF E[H 128 A2t A XA & RCS {0| 2A| G}

| o

—

—
\ —> |
I
:
1 J 1A\ 4"

5.38 cm

-

Tap Arrangement

- 46 m + 4.0m >

* Entrance effect:=48B _fKays et al.]
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o A
% 2417Y sz EetH| X9, UGS, 27 122 Do)
< 24171 Az EEA MM S 2= wololld Zillz 2E YsXiz=E X
< Zt el EEN| S RE¥2 SUoM HE (RS2 48, RE2 /8 =0| 50%S X|LIH SH10M
GetetE) ] 2= el

Simplified model

000 (m)-

0.000 4.000 &
2.000 6.000

APR1400
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® oflX FAZA (1/2)

4 RTDs

Outlet pressure |jet flow rate & Temperature Distribution

ol =3 T =
e P CHS
RCP
A=t et XLOHEH
HHdJ
=3 o 155bar

I 2020 0 0909090

Tap Arrangement

4.0m >
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2F7|-EOC

3F7|-MOC
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325
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.

335

330
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320

315
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305

300

295

385

330

325

320

3

w

310

305

300

295

3F7|-BOC

3F7|-EOC
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2. APR1400 0HA] - MOI=A0IA Q] 2 S ¥Y

o ZAX 0T
o AHXHGIM HXF 22 ST

S
< Mt 72Million 2t AJABIS 2 S1A0) X8

B EHZ MR 2%}
ExpDec1 Fit of Sheet1 D

-~ . Model ExpDect —
Equation ?r:\?; R

- Reduced 050491 a
Chi-Sqr
Adj. R-Square 07328 .

Value Standard Error

= D y0 2.84801 | 1010580 |
D Al | 15.05497 | 166914
D t1 1548939 12,043

&5H2 2 AH°C]

20 30 40 50 60 70 80
Number of Mesh[Million]
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o HAZT} (1/2) - 2%7| EOC VS 3%7| BOC

< 2%7| EOC [ijt]| 37| BOCOHIM= il =1} et RS 22XV 0|2 A LIEHE
< O|2 Qlsl £EF {AXIIM &ot? 2L=Xt7t 37| BOCUIAM A LIEHH

|
o
| 1

237|-EOC 3F7|-BOC
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® offAMZAut (2/2) - 37| BOC VS 3x7| EOC
% 3%7| BOC CHH| 3%7| EOCOIME =Al Q/Ta} A 5o 2RI} LAS
o Olg

loff £HT AR ot 2xVt Zaok= A2z EIHE

OI

14



2. APR1400 OHA - MOI'-a0IAMC 12T IS WY

o 3 A=

7] BOC2| ofi=Zntet Sixff 3% £HAte| Xl0|= 2F 0.35=2 O12{71X| 7PHALE U £X|siA o] E&HMMS
ofsto] 2, CFD WS Zavt 25 Z2Me}t fAfet Aoz THHE

% 3%F7] MOC % EOCE 71| E|H Aot 2LVt A= HAORE HSEUCH, 27| EOC HLt= dfXo=
£2 U2 YN HOE W

» AZNOR HO|d HDHO| W2t ol QAT N FHR| BT EXIR QU5 FHS0| WK Ho2
EE

—il— Field data
—8—CFD

| // \
] // o

EX[C]

ot o
{0
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3

2p-EOC 3p-BOC 3p-MOC 3p-EOC
Cases
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3.

iPOWER PCCS SZ0HA

® POWER PCCS 84 71

single HX

Bundle

% Heat Exchanger

< Diameter/Length : 31.75mm/6m
% Pitch to Diameter : 2.83

% System Configuration

< No. of tubes/bundle : 42x8 (336)

< No. of bundles/train : 8, No. of trains : 4

L ——

Steam

h

Iy

Break

Reactor pressure
vesse|

e

.

Reactor containment
building

PCCT
——
Heat exchanger
tube
R aered
Lower R
head Cooling
I water
|
Condensate | IRWST cover for
Condensate
I
v \ collection
raeAi\
. IRWST
N

Schematic diagram of PCCS in iPOWER
(S.W. Lee et al., NET, 2017)
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Coolant
outlet
gt2i0) SENE (1/2) t
o e o
o |_|' 'EI-— PCCS o\ =20O 1/2
TW-05-01
0.286 A 0.125m ®1mm 050
% 2lc{ 4715 O] AXCHFHHIA = S -286m Thermocouples
< Hd Guev|e SMEAIT & Al l
'\ d--@--1-1 T1Fo06 TW-05-02 TW-05-04
= |
J— : H - : ' IJ_‘ 0.25m ()] TW-05-0X TW-05-03
Feedthrough for - a T o . ®1mm -04-04
thermocouples ’ |. . ‘/ stainless wire 1. @---] ros TW-04-01
; H : H @0.5mm
.‘ I’ (o) ’l ." -d-- & Thermocouples
: : b : 0.4m Q Q@  TW-04-0x
: L : ;1) TW-04-03
¢ 2t N . waco)
. H i —l_]. mm easuring |l..&a ..l
Thermocouples Section ' A A TF-04 TW-03-01
(] @  TW-03-0X
0.275m
Thermocouples 05m TW-03-02 TW-03-04
near tube , 0.495m ’ L 1--@--1-1 TF-03
! yd b 4
° O O O ° TeT e ) & ®  Twozox TW-02-01 TW-02-04
. — "1 Y
' : I' '. : ' ==° b i =1 ‘{ v ----.--- - TF-02
Feedthrough for ° !. o o - @----@-----@--- W02.02 TW-02-03
thermocouples . l i]]
o o ol "o S S R S 0721m|  o.108m
O . O Honeycomb
e " lo ~ ol 7 e-1-- @ @@ Length :105mm
O U : O 60.567m ‘ » Honeycomb
oam || 0 o 0 e-tt R
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e Test section

Bulk temperature measurements
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3. IPOWER PCCS S

® ot

HIIZIE, Q12, HISEA JIMZAHI0N Chs QMY A4 MHOI0[E e

\/ O L t—l:|l
v A Eugty| EHOA Rivulet /3 &3
S Rivulet A0 M3t 7|MOZ ¥ WIZA| ELT 2= $A &40l
Sbar
' ' T i T i T i T ' ] Concentration Rare rivulet flow Large droplets Small droplets
—0— Wall sub-10 Boundary layer R T, Ave
] —O— Wall sub-20 (1 : /-E—'-,.'-'V“e o

Wall sub-30 'R
\ —— Wall sub-40 (|} PR
Wall sub-50 ) AR
& —<— Wall sub-60 ) o
Y : FO!
S R\ {1 X
S AN s o
=, \\ o : : '15 X { / ol
i I PY o
O N N\ ] R 3 o
T R N ) I N e i
RN RNk R
] P 23 | o
”\Rb‘p\ > s JOdlE
: ¢l boi
R W P 3 | foi
go 01 02 03 04 05, 86 0OF 08 09 10 4 '; o T
Wa[_] Film-wise Drop-wise Film-wise Drop-wise

Condensation Condensation Condensation Condensation 1 8



3. iPOWER PCCS S=0H

Al
at

o ofi X . HH YA S Bt SO 0|Xl=

“* Species transport equation
< YL 9| Suction correction 0|12

Y+ {1 8X|
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3. iPOWER PCCS S=0l4

o ofiA A (1/2)
* Rivuletll 22 SESIV} TREI| 2 712 TYo| ZS UHPNS 20% HE B4 05
% CFD 7|2 SH0IM SHBOR el YTHO 2 20| 1S JHsHs 29 SEYHLIO| SHE= XS Hol
o
T __dbar, Wall sub. 60°K R 5bar, Wall sub. 60°K
] B Base CFD model /:/,'; ' — '
© Wall velocity model(0.7m/s) PR SR D\ 0—Exp. ]
A Wall velocity model(1.0m/s) | 22772 7 ] Base CFD model
/7 L A —4— Wall velocity model(0.7m/s)
— 7 7/ s . I
< _ S 7 Wall velocity model(1.0m/s)
N 7 7
£ s Sl <
E 15 27 Pt £
—_ 7z - 7 ;
O 7z 7 s 4
) 2L P =
7
L ke - - +20% t
8" - — +50%
014227~~~
T 7 P g P
0.1 1 10 J)o 01 02 03 04 05 06 07 08 09 1.0

Exp. HTC[kW/m?K]

Wal-]
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3. iPOWER PCCS S04

® i At (2/2)

% Stationary wall T{H| Rivuletd} Z2 RSt 12 &|H, HH 819|
=
o

ot
ot
d
E

)
|.|'|
~
ol
>

Lt

\/
0’0

0l0

ZHH o] ZJ|EE9| 7|27|7}

0.0 Sbar-Wall sub.60°K 5bar-Wall sub.60°K
o y Outer surface of tube ' 1.0 T ' ' '
\ Outer surface of tube
'01 : 09 1
- | I
— - ]
T 03 N\ =38 BN
y [ . §e) ' | e =
= '04 I ° 0.6 I - --“'ﬂd’d’d’d’a’:‘t srssossS
% | I / § ] I 248 " Wa=0.1
© -05 ! Wa=0. » 09 /Ay a=o."
g 06- : ” —— Stationary wall ® 04- S Stationary wall
= |/ —— Wall vel.=0.7m/s e ] | ,"9' Wall vel.=U.7/m/s 7]
8 0.7 ! l —— Wall vel.=1.0n/s c 0.3 ! ‘/,i Wall vel.=1.0m/s
T I S ] 14 Wa=0.3
> -0.8 . o) 0.2 ] Y ---- Stationary wall ]
0.9 - : 0.1 d -=-== Wall vel.=0.7m/s
R - ! -~ Wall vel.=1.0m/s -
1.0 ! . . . 0.0 — - . . .
0015 0.020 0.025 0.030 0.014 0.016 0.018 0.020 0.022 0.024
Horizontal distance from the center line of tube [m] Horizontal distance from the center line of tube [m]
Vertical velocity profile in gas-side Concentration profile in gas-side
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4.1-SMR &Hl 448J| &

X =l 014

o FY=H U T N AHEY| 7=k oH] =4

% CFX IC &8, CV [|7|2% BF 24

cVv
Outer Surf

0 5.000 10.000 (m)
2.500 7.500

CREL

Casel

Case2

Case3

Case4d

Case5

Caseb

Case7

Case8

Case9

UHS ini. Temp

[°c]

50

40

30

50

30

30

CV ini. Pressure

[atm]

1.0

0.5
0.2
0.05

0.007

1.0

Air

Ar
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e CVIiZ|2E EM Z4

- |
: CVinner waII=
i
1 i
il
g ] :
H 1
§ I \‘\\\:
I =
ol Y
' I
|
1
I | 1
RVinner wall " . _xt= r
Title I
CV inner wall,

Temperature [ C ]

RVinnerwalt

Heat loss [MW]

Heat loss[MW]

0.40 1

0.39

0.38

0.37

0.36

0.35

0.35

0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -

0.00

50
UHS Temp[°C]
e
040+ | —s— Heat loss [MW]| /-
e
/ d
//./
red
./ i
/
0.0 I 02 | 04 I 06 0.8 | 1.0

1} —w/o thermal radiation

|
7\ —=— Heat loss [MW] \

SAH0HA

N

N

™~
.

N

30 40

CV Initial Pressure[atm]
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4.1-SVR 2R AL &N L A=A HA

® CVIj7|2x &M AN} - w thermal radiation (P1 model)

3.5
0.40 a L { | —=—CUPID
] \ —n— Heat loss [MW] 304 | —*— CFX(50C)
0.38 | | ——CFX(40C)
| \ ,s| | —v—CFX(300)
036 . ®
% . \ % 2.0 4
@ 0.34 ?
W (72
Re) ] \ S 154
3 032 g
T _ \ T 1.04
0.30 ]
\ 0.5
0.28 :
. . 0.0 T : T y T 4 T J T J T
e 5 " 0.0 0.2 0.4 o 0.6 0.8 1.0
CESEHUS o Emisivity
No thermal radiation
W/O thermal radiation (Gaseous) W thermal radiation (Code to Code validation)
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4. 1-SMR EHI HYL| F&A L LA} O4A

O] R AT} 24
7] BHRIOH 12} CV Agieio] RE7LATIOR Ef S

S

@[B]1 Ao E2, B

0.517MW
*NuScale

0.375MW

0.0942MW

0.253MW

<HH
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