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Fig.1 Schematic diagram of computational domains in
square (a) and triangular (b) sub-channels.
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Table 1 Reference values for simulation.

AP Variable J [F Range % #{H Reference values
TifELL  Pitch-to-diameter ratio 1.1-2.0 1.2

T % Re Reynolds number 19 000400 000 80000

Wi B 5L Pre Turbulent Prandtl number 0.9-5.0 1.0

AR Turbulence model k-& RNG, SST, SSG, RSO SSG

WS JS) Y™ Mesh size y* 1-90 11.5

2 HESERSH
21 MIBIRILES R

EHOT G 7IlIE, RIGR 2 Fros it MR 53 J7
2, BOALT 7803 Ok R B AL B T B 1) 22 5
Bl 2(a)/& Case 1 1L F ARy 1 RO RETT il 52 53
A, ATEMAE y/NT 10 LU, SEREm R g
2R/ B 2(b)2EFE y'=10 FITEUL FAS R &I
5377 2R RS B8 TR R T B o0 A, I LT
M. FIS BT A, HAEFE Case 1 (y'=10)
(177 AT A% KI5

F2 MEXISAR
Table 2 Meshing method.

JE AR PR Ry
Circumferential Mesh
xRadial xAxial quantity
Case 1  20x20%400 160 000 1, 5,10, 15,40
Case2  40%x30x400 480 000 10
Case3  30x20x800 480 000 10
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Fig.2 Effects of meshing on wall temperature.
(a) Case 1, (b) y"equals 10
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Fig.3 Wall Nu number at constant Pr, compared with
experimental data.
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Table 3 Recommended empirical correlations.

4 ¥ Name M Correlations x=P/D
Ushakov NU=7.55x—20/(x"*)+(0.041/(x?))Pe3¢0-1¢ A 1320
Graber&Riager Nu=0.25+6.2x+(0.032x—0.007)Pe’8-0-024 A 1.25-1.95
Zhukov NU=7.55x—14x +0.007Pg"6++0246x o 12-1.5
Mikityuk Nu=0.047(1—¢ >3 Dy Pe®77+250) Ao 1.1-1.95
#:: Pe=RexPr

Note: Pe=RexPr.

K 4 EBETT Nu 305 Pe 3058 R UL, ki
AERRKAZX - HEFEET, BEPME
EE Mikityuk X R KL 10%: =M FiliE,
PP L Graber&Riager < R K% 16%,
{H1E i Pe BB S 450 K RIS BT

Bl 5 JEREE Nu 205 AR IO R L, 70
FELE P/D ORI, PR30 3 PR AR 5 4250 0%

ARSI, 76 P/D B/ X, THZEE=
AIEFIHIE N, FPUE AR K .

K 550 W EY B B 4 7 10 TE I 21 ik $4 S 56
GRS BT LART 5256 B LA 0 Mikityuk 5% 5
KHAT VAL, RIS EBST SR, Bl e
e FHF L R K 10%. FT LA SC IRl &5 1
5 Bop SR 45 R AR —301 .

090603-3



[ SN

2015, 38: 090603

30
(a)
20
2
10k —*— Zhukov
—— Mikityuk
—A— Simulation
0 1000 2000 3000 4000
Peclet Number
30
20
2

—#—Graber&Riager

101 ——Mikityuk
—4—Ushakov
—¥—Simulation

0 1000 2000 3000 4000
Peclet Number
4 Jj YT () 1 = A JE T8 5E (b) BE T Nu %55 Pe %
R AR L

Fig.4 Comparison between wall Nu number and Pe number in
square (a) and triangular (b) sub-channels.
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Fig.5 Comparison between wall Nu number and P/D in
square (a) and triangular (b) sub-channels.
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Fig.6 Effect of Re number on wall temperature in square (a)
and triangular (b) sub-channels.
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R4 450 °C RS ERAIFIPHER

Table 4 Coolant properties of liquid metals at 450 °C**"!,

Na  NaK Bi Pb Pb-Bi
Pr 0.015 0.006 0.012 0.017 0.015
B/104K! 2.4 277 124 114 13

Kl 8 g5t Pr ORI FE 52 . B Pr 4L
IR/, T LR AT AN AT R, X LR
KA BES 51 Pr 298N, 20 3G SO R 18K,
T ARG R ARSI, IR A I e B R A
TE A LA SImE R L S5 AE RN R R
T aE 38 LT S5 R AN, ASEASL BE 20 A (AN
BIsERR.

K 9 25 Pr EonBETT Nu B 5emid. & 9 af
LA R, BEd Nu ZbE4 Pr B0mssh, {HSZBR %)
MR h=Nu-k/Dy, B 5>+ Pr s/ 3
Ky XIERR Pr &N RAA I Z KRR

1.0

08}
0.6}
04}

Wall Temperature

021

0 5 10 15 20 25 30 35 40 45

Angle/(°)
1.0 4

:f,: 08} ®

E. 0.6

H

E 04}

§ 02+

0 .5 110 1.5 2.0 2.5 30
Angle/(°)
8 Pr 06 Ty B 18 18 (a) R = £ T 18 18 (b) BE TR &
A

Fig.8 Effect of molecular Pr number on wall temperature in
square (a) and triangular (b) sub-channels.
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Turbulent heat transfer of liquid metal inside the sub-channels of reactor core

GE Zhihao PENG Yongsheng LYU Yijun DENG Weiping ZHAO Pinghui

(School of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230027, China)

Abstract Background: Liquid metal has been proposed as the coolant of the fourth generation nuclear reactor and
the accelerator driven sub-critical system. Due to its low molecular Prandtl number (Pr), liquid metal differs from
other coolants like water or gas in heat transfer. Purpose: This study aims to investigate the character of heat transfer
of liquid metal inside the reactor core. Methods: Speziale-Sarkar-Gatski (SSG) Reynolds stress model was applied to
the Computational Fluid Dynamics (CFD) prediction of liquid metal flow and heat transfer inside the sub-channels of
the reactor core. Effect of different dimensionless parameters, e.g. Reynolds number (Re), Pr, Grashof number (Gr)
and pitch-to-diameter ratio (P/D) on the turbulent heat transfer calculated results was investigated. Results: The
dimensionless convective heat transfer coefficient (Nu), predicted by the CFD method, agrees well with the
experimental data and the empirical relations. Conclusion: Based on the analysis of various dimensionless parameters,
it is found that the heat exchange performs better in triangular fuel assembly sub-channels than that in square
sub-channels, under the same condition of P/D and Re. The inhomogeneous circumferential distributions of
temperature and heat transfer can be effectively improved by increasing Re and P/D or choosing coolants with large
Pr. When Re is larger than 10 000, the buoyancy effect on liquid metal heat transfer could be ignored.
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