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Introduction




HMl4MICH 2 X} 2 : Sodium-cooled Fast Reactor
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Research Purpose

D SHEH| ofs LMSt= =2 Hoj|L{X| 2 QI35 Cladding FI0| A2tst 2= HoE7| 716 E.
> §2 = 2
>

Cot 2k Z2OY 050 329,

ZANLLEMN A S E 7|ES SFOMOFE.

O & g50A = RANS 7|Ht CFD Y'H =S AME910] KAERI-PGSFRE| Full-scale 217Pin Wire-
wrapped Fuel assembly2| 7SS ZAIOIUS.

> ANSYS CFX ZEZ 0|85l F&2HFH0 A2 CFD M S s

9| Friction factor2t Nusselt numberS CHQFsh AbatAl O 2

> LS Reynolds number #2{0f| A2
HASOIAS.
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LILELT R
as Pin:

ner cire

Duter

::::::

<Axial configﬁi'ation of PGSFR core> : : 3
<Core radial configuration of 150 MWe for PGSFR>
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Numerical Method




217PIN Fuel assembly computational grid system

Duct & Outer Fluid

Rod (Inner Fluid)

*SFQFAR: ROD (Structure)

: Fluid Region &

\ Wire Cladding
S B 118217 = 23870F S E IS 1000t

TZ2EH: 778217 = 16712
(Rod + Wire spacer)
Rod Total: 40,580,000 cells

Gr
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CFD Modeling (1)

Bl Designed by the KAERI in 2014.

126.36 mm

Parameter Value
Number of pins 217

Pin diameter 7.4 mm

Clad thickness 0.5mm

Wire diameter 0.95 mm

Wire lead pitch 221 mm

Pin pitch 8.436 mm
Total length 2.15m
CFD computation length 11lm
Active length 0.98m
Non-Heat length 0.12m

Duct width 126.36 mm
Coolant Sodium

<Geometric information of fuel assembly> o Q&
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CFD Modeling (2)

B PGSFRe| Z00|= U-zre| 25 H=7} I k|0] 392.2MwWte| HE

» Power distribution 20 A E Solf MEHZ| R S.

> Lol S 75 Az TN el € E0| O0tA T otct

> CFDE= PGSFR 217 Tl A& &gtM| 2| Heated regionOi| Al =& &l
217

ZP(pini) * P(z) * Qqpg = Total Power [MW]
i

e
1.0023
1.0021

1.0016

1.0017T
1.001%
1.001%
1.0011

1.00008
1.0007
1.0005
1.000%
1.0001

0.999%

0.9998
0.6996=
0.5%94-

0.099x
0.5990
0.9988

0.9996
0.9984
0.598x

0.8980
0.9978

0.9976
0.5974-

0.7
09970
0.5668
06966
0.6664-
n.oa6x
Pin power ratio [-1

< Pin power distribution and Pin number position: Flow group 01,BOL >

X

r4
B

1 =27t CHEA BAIE.

NON-HEAT
REGION
(0.12m)

ACTIVE
REGION
(0.98m)

Normalized Heat Flux [-]

<Axial heat flux distribution>
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CFD Modeling (3)

B Boundary Condition
> Inlet : Sodium, 390 °C, 23.551 kg/s
> Outlet : Relative Pressure 3.5 bar
> Total power : FG01, BOL 5.567 MW
> Cladding : Stainless

Bl Turbulence model
> RANS based SST k-w model

Boundary domain Condition Value
Inlet Mass flow rate Variable [kg/s]
Outlet Relative pressure 3.5 [bar]
Rod outer No slip
Wire outer No slip
e
Heat source Function of Z axis P(2)

(clad inner surface)

<Boundary condition of CFD analysis>

slide 10



3

Result




Code verification

e =k i _L
o AEfollM 2] CFD Z1tS AS517| 25 MARS-LMR 2 =2 H| w8t
> MARS-LMRZ SFRC| DBE 1}k ol{Al = =3li5t7| ol 7HE=l 3 EQl.
> SYUSHRAM AAHSA TS} DBE AR £7|ZAS HI MBS 1 W2 1L et St
l’g{ll;l,;taaratura
.8_?84e+02
I 8.588e+02
Parameters Design MARS-LMR  SAS4A/SASSYS-1 CFD
| 5 3920402 Value Calculated Value Calculated Value Value
Core Power [MW1] 392.2 392.2 392.2 392.2
[ 8.196e+02 Core flowrate [kg/s] 1984.2 1988.1 1992.95 1984.2
7 9090402 Core inlet 390 390.12 390.00 390.0

temperature [°C]

Peak coolant
temperature [°C] 569.1 568.91 565.9 569.51
(FA outlet region)

[K]

<Comparison of initial conditions for transient analysis>

[ 9.0%5 9,070 (m)

<Outlet temperature contour in Re=65,470>
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Pressure drop

B Wire-wrapped fuel assembly2| OFEH| HEEAHIE =5617| flol B2 AEHO| ZIAEAS.
> Rehme [1973], Engel [1979], Cheng and Todreas [1986,2018] correlation1 Ct 2t Reynolds
numberOi| A friction factorE H| w5} S

> = CFDZX= Normal operating range%|A{ UCTD Correlation2} 7} & & X|5tH, UCTD
correlanono LIS =XE MY & oFetCre E0F,

The Rehme(1973) correlation 1.0E-01
64\ oo  (0.0816\ ... —Engel
RS <R_e)F N (Reo.133)F ' (Nr)n(D +D,,)/St _5‘::*:")‘9
. — --CTS
The Engel(1979) correlation — CFD Result (Heated)
Turbulent flow : f = —>> for Re > 5000 8 COCFD Result (Unheated)
ReO.ZS 51
)
S
The simplified Cheng and Todreas(1986) correlation S o~
Turbulent flow: f = Rcow for Rer < Re -g T
Crr = (0.8063 — 0.9022(log H/D)) + 0.3526(log(H /D)?) i
9.7 1.78—2.0(P/D) I =
x (P/D)*" (H/D) = =S
The detailed Upgraded Cheng and Todreas(2018) correlation [BF
Turbulent ﬂow N —LT for Rer < Re 1.0E-02
0.54945 ~ 182 -Ok-
Crr = Dey Z (NlAz) (Del)”ggg <D€i> ) 1.0E+04 1.0E+05 1.0E+06
&\ 4; / \Dey Crir Reynolds Number [-]

<Friction factor in a wire-wrapped 217-pin fuel assembly>

G-
slide 13




Heat transfer

O SRR QIS HoY|LX| = L 0] ool WZHK| 2 M, e
? SOdlum% OEIHl_lhgll-QE 0.01 Dlul_l-g—l I:IH_CI)_ 7£II-% Pr Number . u Uy Ut
> i AT eddy diffusivity®] THES AL3HE R TBE +5 A8 Py Py | P,
> Pr=0.02 Ol CFD Z1t& Mikityukpoos, Subbotinpiess) and Borishanskifiese; Correlationdt H| i 2t
S . 100
The Mikiyuk correlation (2009) ~Mikiyuk
Nu = 0.047(1 — e~38(P/D=1)y(pe0.77 4 25() — Borishanski
(1.1 < P/D < 1.95,30 < Pe < 5000) —Subbotin
CFD Result
The Subbotin correlation (1965)
D 0.55
Nu=058(2) " pe
(1.1 < P/D < 1.5,80 < Pe < 4000) =
=]
The Borishanski correlation (1969) = e e
Nu = 2415 log(—812 +12.76 (%) = 3.65 (£)’ EEEE iy =
u=2415 log(~8.12 + 1276 5) - 365 ) — =
+0.0174(1 — e~ */D)-1)p
Where:
N 0,Pe < 200 1
N {(Pe —200)%9 ,Pe > 200} 100 150 200 250 300 350 400 450 500 550

(1.1 < P/D < 15,60 < Pe < 2200) Pe [-]

<Heat transfer comparison of correlations and the CFD results>
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Vortical flow phenomena

e

SHA R T erM|o| BEISH S & $ A2 SST turbulence model2 AF2 ¢ CFD 5l 411} Critical point
theoryOf| 7|tkeh b7 T+ A& 7|=0| 2fo]f ZALEIRUAS.
> WireQt HE HHO| HTHX O 2| X[7} H B E 0ff L2} Edge, Comer, Interior vortex 7287+ 7| H 2 2 H
> Edge vortex= CHE QMR E L gk £ 7t I 30, Edge vortex= longitudinal vortex2| @S2 2 CHE
Subchannel®i|A2] 2bFZEEF 7|7} F.
y QEFAZTLE IAXE EMO| Y2

= G EM0| ek O] X|H, Edge vortex= Comer X! Interior vortex 2t O L2 S EMS
He A 0olo
=2 "T AO-

7C=)IEI

=-

Edge vortex structures

A 3
V- ." . - 4
ALA v
v
- 4
<Projected streamline on the cross sectional planes (Z= 440 ~ 600 mm)> \ - 1:__ W ,._, - 4
Gb‘ <Normalized axial velocity distribution on the cross sectional planes (Z=440 mm)>
[
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Conclusion




Conclusion

B 217-Pin Wire-wrapped fuel assembly of KAERI PGSFR2| H4F 27 A Z 0| A{Q] S4-21 SiAkS
CFDE &dll 24351 3.

Vv VvV ¥V V¥V VvV VvV

CFD 24 Z1l= MARS-LVR Z1Io} & UX|51H 2.
C}Fet Reynolds = 2| 04| A{ Friction factor? | ‘E7 x| 2 UCTD Correlation} 0 ¢ 2 & et ZH S A3
Nusselt number SE2F 42149} X|oH= AeS Q.
oM Aufe| Ef/d S AR T SHI0A S| Z T A A1} H|nsto FA1E.

= AFE HIEC B ZEF HA|7| EAI oML XH=2tea S| B+d HES ZARE od .

3t DBA S o2 L|EX|o| h| 2 s§M S &| 28} == 13 (Abaqus & fe-safe)} MARSLMR 3=} 28t
'6".0:' A'é'llol- (}“I-IOI_
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