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Fig. 1. Physical model of Cu-H20 nanofluid based on

fluid continuum assumption.
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Table 1. Potential parameters for Cu-Cu atoms.
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Fig. 2. Variation of thermal conductivity and dynamic

viscosity coefficient of Cu-H2O nanofluid with time.
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Table 2. Comparison of the calculated and experimen-
tal values for thermal conductivity of Cu-H2O nanoflu-

ids under different conditions.

pyn LIAE k A HIARE %
/(W/(m-K)) /(W/(mK))
203 K, 1%  0.6450[24] 0.62991 2.34
203 K, 2%  0.7116[24] 0.72875 2.41
203 K, 3%  0.7679[24] 0.78813 2.63
303 K, 1% 0.700 [25] 0.68671 1.90
313 K, 1% 0.739 [25] 0.77442 4.79
323 K, 1% 0.775 [25] 0.79435 2.50
333 K, 1% 0.815 [29] 0.82525 1.26
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Table 3. Comparison of the calculated and experimen-
tal values for dynamic viscosity coefficient of Cu-H20O

nanofluids under different conditions.

Sk Ssefiin B o g
/(mPa-s) /(mPa-s)
293 K, 1% 1.15[26] 1.13031 1.71
293 K, 2% 1.6 [20] 1.67244 4.53
293 K, 3% 2.35 261 2.47853 5.47
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Fig. 3. Physical model of Couette flow.
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Fig. 4. Enlarged view of local aggregating process of

nanoparticles.
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Fig. 5. Calculated aggregating-nano-particle number and

aggregation equivalent diameter against shear rate.
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Fig. 6. Variarion of thermal conductivity of Cu-H20O

nanofluid with time when the shear rate is 100 s—!.
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Fig. 8. Variation of thermal conductivity with shear rate.
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Fig. 9. Variation of dynamic viscosity coefficient with

shear rate.
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Fig. 11. Variation of thermal conductivity and dy-

namic viscosity with temperature gradient.
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Abstract
Nanofluid is a kind of new engineering medium which is created by dispersing small quantity of nano-sized particles in
the base fluid. The dispersion of solid nanoparticles in conventional fluids changes their transport properties remarkably.
Molecular dynamics simulation (MDS) is an important approach to study the transport properties of nanofluids. However,
the computation amount is huge, and it is very difficult to use the normal MDS to capture the transient flow and heat
processes in Cu-H2O nanofluids if the regions in the simulation reach 149.644% nm? or 299.288% nm?, and the number
of Cu nano-particles reaches 6-64. Further study by means of simulation on the effects on effective transport properties

3 is assumed as

of nanofluids is also difficult. In this paper, the water-based fluid region of 149.6443 nm? or 299.288% nm
continuum phase because of the very low Knudsen number of fluid, and the effects of water on nano-particles are fitted
into the Cu-Cu potential parameters. Using the proposed method, the computation amount is significantly reduced. The
effective thermal conductivity and dynamic viscosity coefficient of Cu-H20O nanofluids under the stationary condition
are simulated and the results are verified with existing experimental data. The motion and aggregation processes of
nano-particles in the water-based fluids at different velocity shear rate are simulated. Effects of velocity shear rate, fluid
velocity, temperature gradient, and average temperature on the effective thermal conductivity and the dynamic viscosity
of Cu-H20O nanofluids in the processes of flow and heat transfer are studied. Three conclusions can be drawn from the
obtained results. Firstly, the proposed method is feasible to capture the transient flow and heat processes in Cu-H2O
nanofluids, and is also capable to further study the transport properties of Cu-H2O nanofluids. Secondly, the velocity
shear rate acting on a nanofluid can effectively prevent the aggregating process of nano-particles, and therefore reduce
the diameter of particle-aggregations. Finally, the velocity shear rate and the average temperature of Cu-H2O nanofluids
have much more effects on the transport properties, while the fluid velocity and temperature gradient have less effects;
the velocity shear rate increases the effective thermal conductivity of a nanofluid but decreases its dynamic viscosity. A

rise of average temperature increases the effective thermal conductivity but decreases the dynamic viscosity.

Keywords: nanofluids, molecular dynamics simulation, transport properties, aggregation
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