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Abstract

The liquid metal is widely used as the primary coolant in many advanced nuclear systems. Due to
the low Prandtl number, the turbulent heat transfer characteristics of liquid metal are different
from the conventional fluids. Using the method of Direct Numerical Simulation (DNS), turbulent
convection of liquid metal is simulated with OpenFOAM. The friction Reynolds number is 180. The
molecular Prandtl numbers (Pr) are 1, 0.71, 0.25, 0.125, 0.05, 0.025, 0.005 and 0.001. The accura-
cy of present numerical model is validated by comparing with the numerical results of previous
studies. Prandtl number effects on temperature distribution are analyzed. The region of logarith-
mic law for temperature in the cross section is decreased with the decreasing of Prandtl number.
Exponent functions for dimensionless temperature distribution in the cross section are obtained
by regression analysis of numerical results with 0.001 < Pr < 1. Combined with the power law for
dimensionless velocity distribution, the Nusselt number correlation for turbulent convection of
liquid metal is derived.
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Table 1. Value of temperature gradient

=1 REHEE

Lotk TRV EE B BE (K/m)
0.001 35304
0.005 7061
0.025 1412
0.05 706
0.125 282
0.25 141
0.71 50
1 35
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Figure 1. The geometry of computational domain
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Table 2. Summary of computational parameters
Fz2 HEBRES

PRV TR VL 180
FIAEHL (%, Y, 2) 128 x 162 x 128
THEIR (x,y,2) 6.49 x 20 x 3.20
R KN AXY, Ay, Az 9, (0.25—4.5), 45
EEMI R L 1.05

3. BRI

AE X EEE TR Uy 180, 8 A Pr UL, WEIT 1A &R i B A AR R RO . AT 3.1
TR HUE S5 R P (I B B A Uk Bl 5 FE 5 ©A Bl PEHEAT TR EE, DABSIERE R MW R . 3.2 F54%

DOI: 10.12677/nst.2021.94022 190 MRS HEAR


https://doi.org/10.12677/nst.2021.94022

HT 8 Fh Pr L FRITCENIEEI A, 8T T 5 B BO R TE T v O e R IR 52 . L5 H T Pr
A 0.001 2| 1 B3 PN L AT R . 3.3 TARIEILE A 5 Pr X &, AH TEIE/RE Nu e #ioe &
e

3.1. HRBVIGF

W I S vk B A5 RS TN DNS B FE[3] [12]E AT xf b, &5 R S8R PERF G Ly, W 2. Horp
e 20 B S A TG A e 2 3(7) T 5

20 |
Kawamura
— — - Vreman
5 F o Present DNS
510 F
5 -
0 - -
0l a3l L0l s 3yl
0.01 0.1 1 v+ 10 100
Figure 2. Profile of mean velocity
2. RYRE S
U+=U/Ur, y+=Ury/V, ur:VTw/p (7)
Vo4 B I 3ol FBE i DR I B0 TR U AN B S o), ILK(8)-
u =0 +u (8)

T Bk s 5E e CNE(9). T Bk ahsRE X L i 3 B . 5 Kawamura B FE ) RAH R 25
N 5.2%, 435N 4.6%F1 5.6%, 1 =AMkah&E S Vreman $08E & 1% 2 #7E 5% LAY .

U - u'u’ v = v’v" W zx/w’w’ ©)
rms u rms u rms u

T T T

3.2. RERRIE

RO HTIRAS &R BR Pr 8N, A B — BEER R VR HOA R Pr COL N RRE . SIATGENR
e (10), DA BRI RS e (1)
0" = (Tw -T )/Tr (10)

T o (11)

DOI: 10.12677/nst.2021.94022 191 MR


https://doi.org/10.12677/nst.2021.94022

3.0
25 Kawamura
— — -Vreman
20 + RURITHESR

0 50 100 150 200

Figure 3. Profileof u’ , v' |, w'

rms ! rms ? rms

3' u:ms ’ V:ms ’ W:ms ﬁﬁ

10
1k
0.1
+
D>
Kawamura
o Pr=0.001
0.01 ¢ o A OOO A Pr=0.005
o 50° v Pr=0.025
6° <& Pr=0.05
N G < Pr=0.125
0.001 o > Pr=0.25
O Pr=0.71
s} % Pr=1
1E-4 e e el
0.1 1 +10 100
y

Figure 4. Mean temperature profiles of Pr vary from 0.001 to 1
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Figure 5. Comparison of mean temperature profile and velocity profile
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Table 3. Fitting result of temperature profile
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WAL WA R AR
0.001 6" =0.00291(y" )"
0.005 6" =001479(y")"™"
0.025 6 =009874(y" )"
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Figure 6. Fitting results of different Prandtl numbers
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