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PR ERE AR (a) Ragp =1 x10%; (b) Ragp =1 x 10%; (¢) Ragr =1 x 10°; (d) Rarp = 1 x 10°

Fig. 4. Dimensionless streamlines for different nanoparticle size 1 x 107% < Kngs < 1 x 102 and Rayleigh number 1 x 103 <
Ragp <1 x 10% with fixed ¢s =8%: (a) Ragr =1 x 10%; (b) RagL =1 x 10*; (¢) RarL =1 x 10%; (d) Rar =1 x 10°.

234702-6


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 2 3R Acta Phys. Sin. Vol. 73, No. 23 (2024) 234702

Kngy =104 Kngs=10-3

Kngg =102

Kng, =101 Kng, =100

(T

Kngg = 10!

(b) j //

()

/ g

)

=

Bl 5 7E R BRI B s = 8% , NRIBURLRIAR 1 x 107% < Knpg < 1 x 102 FIEGFIZL 1 x 103 < Ragy < 1 x 108 T T i
P E G HF R AR (a) Ragr =1 x 1035 (b) Ragp =1 x 10%; (c) Ragr =1 x 10°; (d) Rarp =1 x 108

Fig. 5. Dimensionless isotherms for different nanoparticle size 1 x 1074 < K ngs <1 X 102 and Rayleigh number 1 x 103 <
Ragp <1 x 10% with fixed ¢s =8%: (a) Rarr =1 x 10%; (b) Ragr, =1 x 10%; (¢) Ragr =1 x 10%; (d) RarL =1 x 105
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(b) RagL =1x10%; (c) RagL =1x10%; (d) RagL =1 x 106

Fig. 6. The mean Nusselt number Nugy versus Knudsen number 1 x 1076 < Kngs <1 x 10* with different volume fraction and

Rayleigh number: (a) Ragr =1 x 10%; (b) RarL =1 x 10%; (¢) Rary =1 x 105; (d) Ragr =1 x 106.
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Fig. 8. The enhancement ratio Re,; versus Knudsen num-
ber with different Rayleigh number 1 x 103 < Ragy, <

1 x 10% and fixed nanoparticle volume fraction ¢s = 8% .
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Fig. 9. The mean Nusselt number mﬂL versus nano-
particle volume fraction with different Rayleigh number
1x 103 < Ragy <1x 109 and fixed nanoparticle size
Kngs=10"1.
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Fig. 10. The enhancement ratio Re,f versus nanoparticle
volume fraction with different Rayleigh number 1 x 103 <

Rasp < 1x 106 and fixed nanoparticle size Kngg = 10—1.
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Fig. 11. The mean Nusselt number mm versus Rayleigh
number with different Knudsen number 1 x 1073 < K ngs <

1 x 102 and fixed nanoparticle volume fraction ¢s = 8% .
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Fig. 12. The enhancement ratio Re,f versus Rayleigh
number with different Knudsen number 1 x 1073 < K ngs <

1 x 102 and fixed nanoparticle volume fraction ¢s = 8% .
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Fig. 13. The three dimensional isosurfaces of (a) logarith-

mic function of mean Nusselt number lg(Nugr) =

by ——
lg (k*nN Un,L) and (b) enhancement ratio Re, s over the
f
full parameter range as a function of Knudsen number
Kngg, Rayleigh number Ragy , and nanoparticle volume

fraction ¢s .
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Abstract

In this work, numerical simulation of natural convection of nanofluids within a square enclosure are
conducted by using the non-dimensional lattice Boltzmann method (NDLBM). The effects of key governing
parameters Knudsen number (107° < Knes < 10*), Rayleigh number (10° < Ragr < 10°), and nanoparticle
volume fraction (10’2 < <1071 ) on the heat and mass transfer of nanofluids are discussed. The results show
that in the low RarL conduction dominated regime, the nanoparticle size has little effect on heat transfer,
whereas in the high Rar. convection dominated regime, larger nanoparticle size significantly enhances flow
intensity and heat transfer efficiency. For fixed Rar. and ¢, the heat transfer patterns change from
conduction to convection dominated regime with Kngs increasing. The influence of nanoparticle volume
fraction is also investigated, and in the convection-dominated regime, the maximum heat transfer efficiency is
achieved when ¢s = 8%, balancing thermal conduction and drag fore of nanofluid. Additionally, by analyzing
the full maps of mean Nusselt number ( Nugr ) and the enhancement ratio related to the base fluid ( Reyr), the
maximum value of Nugy and Re,s occur when the nanoparticle size is Kngs = 10~" for both conductive and
convection dominated regime. To ascertain the effects of all key governing parameters on Nusp, a new
empirical correlation is derived from the numerical results, providing a more in-depth insight into how these

parameters influence on heat transfer performance.
Keywords: Knudsen number, nanofluid, natural convection, lattice Boltzmann method
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