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Study on Fluid Flow and Thermal Characteristics
in a Nanoscale Channel Using MD Simulation
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Key Words :  Molecular Dynamics(:& } 59

Poiseuille Flow(3Z o} A

Abstract

= <]8}H), Nanoscale Channel(W = =AY =1Y),
%), Nonequilibrium(¥] 3 &)

To analyze the fluid flow and thermal characteristics in a nanoscale system, the planar Poiseuille flow of a
Lennar-Jones liquid through parallel plates formed by fixed atoms is studied using nonequilibrium molecular
dynamics simulations. The role of important simulation parameters such as the channel width, the magnitude
of external field, the temperatures of the top and bottom plates, and the interaction potential parameter
between fluid and wall atoms, which affect flow patterns and heat transfer rate inside the channel, are
investigated. Under the various simulation conditions, interesting phenomena deviated from the continuum

predictions have found.
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Table 1 Simulation conditions (in reduced unit)

Case 1 Case 2 Case 3 Case 4

8.4119, 6.7296, 6.7296, 6.7296,

System size 8.4119, 6.7296, 6.7296, 6.7296,
(Rx,Ry,Rz fluid, Rz war) 5.0472, 11.7767, | 11.7767, 11.7767,
3.3648 3.3648 3.3648 3.3648

Number of atloms | 3 400 | 448, 256 | 448,256 | 448, 256
(fluid, wall)

Wall temperature 0.722, 0.722, 0.722, 1.122,
(top, bottom) 0.722 0.722 0.722 0.722
External field 0.2 0.05, 0.1, 01 0.0, 0.05,

Fe 0.15,0.2 0.1,0.15

Wall-fluid atoms 0.125,

interaction 0.5 0.5 0.25, 0.5, 0.5
parameter 10,20
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Fig. 3 Streaming velocity profiles (Case 1)

Al 2] (Linear constitutive relation)[2,3]
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Fig. 4 Streaming velocity profiles variation for different
values of external field (Case 2)
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Fig. 8 Temperature profiles variation for different wall
temperature (Case 4)
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Fig. 9 Heat flux profiles variation for different values of
external field (Case 4)
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