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Fig. 1. Sketch of the physical model.

1 KRR ITURL A PR EE 2 R 20

Table 1. Thermophysical parameters of the water and

Al203 nanoparticle 20,

e/ cp/ k/ a/
(kgm™?) (kg "-K~") (Wm™"K™") (Sm~")

HoO%EW  997.1 4179 0.613 0.05
Al O3 4K 19
Wik 3970 765 40 10
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Fig. 2. Comparison of mean Nusset number Nup¢ along
the heated wall obtained by present study and other nu-
merical results of Refs. [32, 33].
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Fig. 3. The effective thermal conductivity based mean Nusselt number Nupy s versus Knudsen number Kng with different Hart-

mann number 0 < Hayp < 102 and Rayleigh number 103 < Ragy < 108 with fixed volume fraction ¢s = 6% and magnetic field
tilted angle v3 = 0: (a) Ragr = 103; (b) Ragp = 10%; (¢) Ragp = 10°; (d) Rary = 10°.
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Fig. 4. The fluid thermal conductivity based mean Nusselt number Nup ¢ Knudsen number Kng with different Hartmann num-
ber 0< Hagp < 10?2 and Rayleigh number 10% < Ragp < 108 with fixed volume fraction ¢s = 6% and magnetic field tilted
angle 73 = 0: (a) Ragy = 10%; (b) Ragp = 10%; (¢) Rary = 10°; (d) Rary = 106.
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Fig. 5. Dimensionless isotherms (7*) and streamlines (S*) for different Knudsen number with fixed Hartmann number

Hagp = 10! |, magnetic field tilted angle vg = 0, Rayleigh number Ragy = 108 , and volume fraction ¢s = 6% : (a) Kng=10"%;
(b) Kng=10"3; (c) Knr=10"2;(d) Knf=10"1; (e) Kng=100; (f) Kn;=10'; (g) Kns=102; (h) Kn;= 10%.
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tion ¢s = 6% .

VAR s AL RO AR o =, Hofishaszd. bl
# Hasp N 1038 50 (B 7(b)—(f)), ZiR LA LA
KAy RS BN R, Ak BB IE. PI/INR
Al SR [ MRS A A, R R SR 1), 1) 559 %0
S5, 10 T 9L B G R AL Y Hagy = 102
B, SR 2k R KO- 1) i B I, e K OT- 3 ) 1
ELJ5 I SEAR P R IAEFEXT R A 4. B
Hagp E—H8 5 2 x 102, SRR 4T % B 404 HLIE]
FRPEE . IXEH T FL, B Hagy 38358, 510 L F,
il [ I DG R B VA UG 2 1 e W) R s
PR ALy 2 AR B T o SRS L
G, 550 (Hag < 10) B, F, FZH
Tl BE X L (B AR R R ), R Lo it
SN R, #5 Nug, ¢ IRV T 10%. 2410 < Hagy <
50 B, WG EEIE T, B, 5 F, IEACHUH KT
TPLAR A B BB, SR BES (Hagr > 100) B, 38

041001-8


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

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 4 (2026) 041001

T*

T 5"
0.5 0

0.4

03 [MH—001
0.2 ~0.02
0.1

0 —0.03
—0.1

o i —0-04
—03 8 _0.05
—0.4

—0.5 B _0.06

B 7 FEREE SR Kne = 100 REAIRHAEE v8 = 0 I AL Ragr = 106 FUBURL IR BUREL ¢ = 6% HIZRMF T, RIRERE 8
FE 19 6 ik 20 3L T 3 %5 2k 4 AT (T ) R E W A A I (S*) (a) Hagp =05 (b) Hagp =105 (¢) Hagp =20;
(d) H(IﬂL = 30; (C) Haf,L = 40; (f) HafyL = 50; (g) Haf,L = 100; (h) HafyL = 200

Fig. 7. Dimensionless isotherms (7*) and streamlines (.S*) for different Hartmann number with fixed Knudsen number

Kng =101, magnetic field tilted angle g = 0, Rayleigh number Rasp = 10% | and volume fraction ¢s = 6% : (a) Hagp, =0;
(b) H(IﬂL = 10; (C) Haf,L = 20; (d) Haf,L = 30; (e) H(IﬂL = 40; (f) Haf,L = 50; (g) H(lﬂL = 100; (h) HagL = 200.
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Table 3.  Comparison of Nuyr with magnetic field

tilted angle under different Rayleigh numbers.

B Raf,L =10? Raf’L =10* R(lf!L =10° RCLfYL = 10°

/6 1.005 1.005 1.305 4.995
/3 1.005 1.005 1.410 5.848
/2 1.005 1.006 1.412 6.220
21/3 1.005 1.006 1.311 5.210
5m/6 1.005 1.006 1.303 4.550

1 1.005 1.005 1.299 4.539
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Fig. 8. Dimensionless isotherms (7% ) and streamlines (S*) for different tilt angle with fixed Hartmann number Harp = 10,

Knudsen number Kn;= 10, Rayleigh number Raygy, = 106, and volume dfraction ¢s =6%: (a) 8 =7/6; (b) v = 7/3;
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Fig. 9. The variation of mean Nusselt number Nup
versus volume fraction for different Rayleigh number with
fixed nanoparticle size Kng = 10!, tilt angle v = 0, and

Hartmann number Hagp = 101 .
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Numerical simulation of natural convection in nanofluids
under magnetic field by lattice Boltzmann method”
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Abstract

The lattice Boltzmann method is used to simulate natural convection of nanofluids in a square enclosure
under action of a magnetic field. In this study, the effects of key parameters, such as magnetic field strength,
tilt angle, nanoparticle size, nanoparticle volume fraction, and Rayleigh number, on heat transfer and fluid flow
behaviors are systematically investigated. A parametric study is conducted over a wide range of Hartmann
numbers (10° < Hagy, < 10%), magnetic field inclination angles (0 < 73 < ), nanoparticle sizes (10° <
Kng < 10%), nanoparticle volume fractions (102 < ¢, < 10!), and Rayleigh numbers (10* < Rag;, < 10°). The
results show that when the particle size is Kn; = 10!, the heat transfer efficiency reaches its maximum value
regardless of whether heat conduction or convection dominates, indicating the existence of an optimal particle
size that balances thermal properties and viscosity. In the conduction-dominated regime with low Rayleigh
number, variation in magnetic field strength exerts little effect on heat transfer. However, in the convection-
dominated regime with high Rayleigh number, stronger magnetic field enhances the Lorentz force, which
suppresses buoyancy driven flow and reduces heat transfer. This study also demonstrates that the magnetic
field tilt angle significantly affects the interaction between the buoyancy force and the Lorentz force. At a tilt
angle of w/2, where these forces are in the same direction, resulting in the maximum fluid flow intensity and
heat transfer efficiency. Furthermore, the Rayleigh number is identified as a dominant factor in heat transfer,
specifically, as Rayleigh number increases, convective heat transfer is significantly improved. The influence of
nanoparticle volume fraction on thermal conductivity is less significant, resulting in only slight improvement.
Finally, in this study an empirical correlation for the mean Nusselt number as a function of key dimensionless
parameters is obtained, quantitatively revealing the influence of various factors on heat transfer performance in

nanofluids.
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