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Abstract

The effect of magnetohydrodynamic effect on the flow and heat transfer of liquid metal in liquid
blanket of fusion reactor is studied. A numerical simulation program of MHD flow and heat trans-
fer distribution is developed. The flow and heat transfer phenomena in liquid blanket of fusion
reactor are simulated by numerical method. The numerical simulation program is based on the
four-step projection method to calculate the flow field distribution in the blanket under strong
magnetic field. The temperature distribution is obtained by using the finite volume method. The
results of numerical simulation are verified by standard examples and energy conservation me-
thods. It provides a reference for the study of the flow and heat transfer characteristics of liquid
metals in the blanket of fusion reactor.
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Figure 1. Structural sketch of discrete grid
E 1 SRS REE

Jy Yy

FEARBNE LI o0 A O ZER b, s BE R SETT R (4) R AT A IRAABLEREAT B 1k

DOI: 10.12677/nst.2019.73012 85 MR A


https://doi.org/10.12677/nst.2019.73012

e, TR

oT |1 2 2
Iad‘”jv'(UT)dV—[E,{V Tdv+I(EcNJ +®)dv} (5)
K FH I 3K 3255 5 R H A B () TR SOk A T B
10
jélsz T (6)
ot At
IVZTdV _ Tiik — Tk _Ti,j,k —Titix AyAZ+ Tk — Tk _ Tk~ T ok AXAZ
Xiik ~ Xk Xk~ Xicgjk Yijek = Yijk  Yiik = Yij-ik @)

Ti,j,k+1 _Ti,j,k Ti,j,k _Ti,j,k—l
+ —
Z Z Z -7

J AXAyY

ikl T Sk ijk ijk-1

e 7 A% H R LR B U A ZEE (QUICK) S b AT B ik, HeR BB B IE M LR i . %07
RIS 2R — Bt XU 2, K b s 2 SR A SR Z M E N T — D ORI, T8
RS SR X T B, XIS PRI S O 3 AR R W R

J'V’(UT)dV = (Ufi+l,j,kTi,j,k —uf Tk )AyAZ (8)

_[(ECNJ 24 q))dv = (EcNJ 2 +CD)AxAyAz (9)

ECL BB, X, y, 2 ORI O SRIARRR, uf FORMARTICH O E. Ax, Ay, Az4)
RN R ALARF I A ACJE o @ IR TRAR S B e R P DURRTE AL 2 00 R A AT S 55, HUfl
N 20 Mw/m?.

B MR R R A A 7 B sk B R R, RIS I st IR B GsR AR FE R L. AR
RBHISGTFE, TERE R FERABEFE R A THBIE %, fEATHBIEME T ER, E8 )7k
—IRHUBIE R G SO IER B AT —RABIE, I At T R 20706 53— D7 M I EUS IE(E T 5.
2.3 AR FEH

Bl 2 HEBFHAZERELIHE(TER) B h B E NS - . WNEHRTLLEH, RARME
BEEEE T AT ES, ATELTRERERSEHAMT], &2 MEHPFEAFERESR. HTETES
)2 2 V) 3 dok 2 iy A s 1) AR Bz /N T R AR S B R R R AR AL TR TR A A, DR R B AL A
HS A 25 e IR A HEA 2 T B R R R AT

Figure 2. Internal structure of ITER vacuum vessel
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Figure 3. Grid independence verification result
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Figure 4. Shercliff’s case results (Ha = 500, Re = 10); (a) Three dimensional velocity distribution of a cross section at x =
3.0; (b) Compare between numerical results and analytical results
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Figure 5. Hunt’s case results (Ha = 1000, Re = 500); (a) Three dimensional velocity distribution of a cross section at x = 3.0;
(b) Compare between numerical results and analytical results
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Table 1. Pressure gradient and flow rate for Shercliff’s case and Hunt’s case

%2 1. Shercliff E415 Hunt BEflhEHHESRE

Shercliff &4 Hunt £.451
LEE R 500 1000
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T 30 P gt A i 5.255 3.466
T 3 P A 4978 3.355
Epalvdi-a s 5.27% 3.21%
HERN DR E 4,000 4.000
WO E MR 3.998 3.999
MR 0.05% 0.025%
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Figure 6. Temperature distribution of Hunt case: Ha = 1000, Re = 500
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