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Abstract

In order to explore the influence of nanoscale mechanism on shear viscosity enhancement of
magnetic fluid polishing solution, based on the molecular dynamics simulation research, to ex-
plore the Brownian motion of iron nanoparticles and the formation of iron nanoparticles agglo-
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meration and other nano mechanisms, and to study their effects on the shear viscosity enhance-
ment in nanofluids (Fe-H;0). The SPC/E water model was used to model the water system, and the
shear viscosity was calculated through molecular dynamics combined with Muller Plathe algo-
rithm. In addition, the numerical study was carried out at 300 k with different iron volume frac-
tions of 0.05%, 0.54%, 1.5% and 4.3%. The results show that the shear viscosity of nanofluids
(Fe-H;0) increases with the increase of iron volume fraction due to the agglomeration formed by
the interaction between iron nanoparticles.
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Figure 1. Schematic diagram of periodic simulation system
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Table 1. Intercomponent potential and structural parameters of water in SPC/E model

%% 1. SPC/E 2 BUFY7K 43 FlEI 3T A FLEHR S B

S B
H & 1.0080 g/mol
O ikt 15.9994 g/mol
H Hfaf —0.8476 ¢
O Hif 0.4238 ¢
oo 0.00674 eV
oo 3.166 A
O-H %t 1A
HOH # f 109.47°

Table 2. Parameters of Lennard-Jones [15] interaction in nanofluids (Fe-H,O)

37 2. HMAKRIF(Fe-H,0)h Lennard-Jones [15|HE{ER RIS

AR ELAE FXS Sigma/A Epsilon/eV
Fe-Fe 2.341 0.00099
0-0 3.166 0.00674
Fe-O 2.722 0.00258
E =F, (Zpaﬁ(n-,- )J%Z%(m) )
J#i J#i

X E, NANGE,  p,, AIRT i BIRT j I, @, %G HEF (R REAR ELAE AR
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Figure 2. SPC/E water molecular model
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Figure 3. Initial model of nanofluids (Fe-H,O)
3. PKF IR (Fe-H,0)RI M IR HE R

Table 3. Parameters of nanofluids (Fe-H,0O) with different volume fractions

3. NEIFR S BEINAKR IR (Fe-H,0) B %
BRI H (%) Ky THE ELAR 1 nm BRGARL H Fe-H,0 29K AR B4 2 N A)

0.05 27,000 1 89 x 89 x 103
0.54 27,000 9 90 x 90 x 101
1.50 27,000 25 90 x 90 x 105
430 9000 25 85 x 85 x 42

o
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Figure 4. Particle distribution of nanofluids (Fe-H,0) with different volume fractions on XY plane
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Figure 5. Brownian motion of iron nanoparticles in aqueous medium at 300 k temperature and in the XY plane of nanofluids
with different volume fractions (Fe-H,0) for 500 ps
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Figure 6. Particle velocity of nanofluids (Fe-H,O) with different vo-
lume fractions
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Figure 7. Shear viscosity of nanofluids (Fe-H,0O) with different volume
fractions at 300 k
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