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Fig. 1. Physical model.
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#1  B=090° Ha= 10 (YR ICICHRIE
Table 1.  Grid independence verification of 8 = 90°, Ha = 10.
EEING] Unax Error /% Vinax Error/% Nu Error/% Sh Error/%
21 x 41 7.928265 4.70 10.26546 4.84 1.27839 1.13 1.609945 0.98
31 x 61 8.166999 1.83 10.60808 1.66 1.287215 0.44 1.619112 0.42
41 x 81 8.269498 0.59 10.73112 0.52 1.291532 0.11 1.624656 0.08
51 x 101 8.318981 10.78753 1.292946 1.625911
*2 =0 Ha=5RRMKEICEMHRIE
Table 2.  Grid independence verification of 8 =0° Ha =5.

ELEIN Uppax Error/% Vmax Error/% Nu Error/% Sh Error/%
21 x 41 9.799929 8.07 11.37238 7.23 1.307235 1.76 1.618727 1.29
31 x 61 10.29227 3.45 11.89485 2.97 1.318517 0.91 1.625802 0.86
41 x 81 10.51703 1.34 12.11855 1.15 1.326589 0.31 1.635453 0.27
51 x 101 10.6599 12.25902 1.330674 1.639908
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Fig. 2. Variation of Nusselt number and Sherwood number

as a function of Hartmann number.
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Fig. 4. Bifurcation of the solution.
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Fig. 5. Variations of flow field characteristics when Pr = 0.01: (a) Time trace of the u-velocity; (b) time trace of the w-velocity;

(c) Fourier frequency spectrum of the u-velocity; (d) phase-space trajectories.
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Table 3. Effect of Lewis number on the flow for

Ha =10.
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B=0° [1,8] [9,100]

B8 =90° [1,6] [7,100]
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Fig. 6. The evolution of the flow pattern over a period for Pr = 0.01.

Nusselt (i Lewis £ta928 L W& 7 Frs. 18
TeREHIEDL T, 24 Le B/ (Le < 20), f&#4
BORBE Lewis £ 028 b R BB B R BB 8l (HAE
Le > 30 ZHAAXTARE, X RINUIK Le BOME A
i) B0 838 T Le B2 38/ 8. X 48 55 16
(Ha=10) M5, %1 < Le < 20 Bf, N REK P/
Wik S 3 H 537, Nusselt U2 5 B B — & L
¥R, LGS T IR R RIZL. 1 Le > 20
B, Nu SEBUSEHRIE /NS, 78 Le = 80 il
BB, X FRERREY (Ha = 50), TEA ST
T Lewis BGE N, BIF 7 I #E T Nusselt 5L
BN R, HAEE RS T Nu B35 T /K /E3.
TR AT R R Ak, FERINAE: TG,
& R RCR 5 55 T LRI T WAL AR, T TE
Le > 50 Z &, Jotb A R B I Tt
(A U3 X T 55163, 4 Le < 70 B, £ 0%
B Lewis £ i 5 KB 1A L 2R EH, P4k
Sherwood %¥ 1 26 B 19 AR VT, #£ 30 < Le < 70 [

FEINJLT-ES, RIS 7 6L B2 e N
5 MY Le > 700, K05 T AL BTRSCR 20 T
K2 Ja ORISR, T ELRE Y ST AR A I 1.
X TR, TERA Le $GUE BN, Pifhig T
FEJRRCR BRI Le B9 RIMIE K 7£1 < Le <
20 (Y5 P, 3 ELRE 3 T 0 o0 9 A% J5 A0 AH X
WO (ShELH K), 7E Le = 25 [fffiE —H ik, Z
Je WK 16 3 A% Bk 2 00 . (A B
J&, Le =804k Nu Fl Sh 2R TRk, X2 R4S
Le = 70 Fl Le = 80 B} Jiit gl ¥ J2& & i 1y, HARSE
PRI ZEAE J2 R B = IR G | T [R]B B 2548 X 1
WL, R Le = 80 A B iR 25 44 77 76 A B[R] S
1M Le = 70 B =R E5 M A AE MRS . BT E 2L
H B 2 WAL AL AR T %, F )& Le = 8019 Nu
I ShAE L Le = TOBF /MR L, MITTSEL T Le =
804k Nu il Sh ) Z SR T RE. WNARARELHE K Lewis
Brst, = IR AFAE AR A) X283, 5 Le >
80 ZJ&, Nu Fl ShBfi% Le [ KIS K.

114401-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 11 (2024)

114401

K7 RIE®S T Nufl Shbfi Le 9454k
Fig. 7. Variation of Nusselt number and Sherwood number
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Abstract

Thermal convection in conducting fluids under the influence of a magnetic field is a hot research topic. In
this study, a high-precision and high-resolution numerical method is used to directly simulate the double-
diffusive convection of liquid metal in a two-dimensional cavity. The study covers the effects of magnetic field
strength (Ha), Prandtl number (Pr), Lewis number (Le), and aspect ratio on the dynamics of flow and
heat/mass transfer under both horizontal magnetic field and vertical magnetic field. The study considers
magnetic field intensities ranging from 0 to 100, Prandtl numbers from 0.01 to 1, Lewis numbers varying from 1
to 100, and aspect ratios spanning from 1 to 12. Within these specified parameter ranges, the outcomes under
conditions of no magnetic field (Ha = 0), weak magnetic field (Ha = 10), and strong magnetic field (Ha = 50)
are compared with each other.

The results show that the magnetic field primarily suppresses flow, heat transfer, and mass transfer. Under
the same strength of the magnetic field, the horizontal magnetic field has a greater suppressing effect than the
vertical magnetic field. However, the cases of weak magnetic field and strong magnetic field, their effects on
heat and mass transfer are similar. Regardless of the orientation and strength of the magnetic field, the heat
transfer efficiency and mass transfer efficiency always increase with Prandtl number increasing. The application
of a magnetic field can reduce the increase in heat and mass transfer, and when the magnetic field strength
reaches a certain level, the Lorentz force predominates, making the influence of the Prandtl number on heat and
mass transfer very small. In the presence of a magnetic field, a bifurcation phenomenon is observed around
Pr=0.9.

Additionally, as the Lewis number increases, the flow transforms from steady flow to periodic flow, and the
influence on mass transfer efficiency becomes more significant. For example, under a horizontal magnetic field,
the mass transfer efficiency at the maximum Lewis number is about six times that at the minimum Lewis
number. Similarly, under a weak vertical magnetic field, the mass transfer efficiency is about nine times higher.
The influence of Lewis number on heat transfer efficiency is relatively minor.

Within the range of considered aspect ratios, the heat transfer efficiency and mass transfer efficiency
exhibit oscillatory behavior under no magnetic field and weak magnetic field as the aspect ratio increases.
However, the heat transfer efficiency and mass transfer efficiency under a strong magnetic field are less affected
by the aspect ratio. For flows with the same number of vortices, lower aspect ratio can lead to stronger heat

and mass transfer.
Keywords: double-diffusive convection, high-accuracy, magnetic fluid, direct numerical simulation
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