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ABSTRACT

A Study on the Characteristics of Nanofluid on Heat Transfer

and Nano-molecular Motions at the Liquid-Vapor Interface

Hye Min Kim

Department of Mechanical Engineering, Graduate School
Korea Maritime University

Busan, Korea

(Supervised by Jaechyun Jeong )

Traditional heat transfer fluid has a heat transfer characteristic which is
worse than that of the solid although many studies have been conducted to
increase heat transfer in fluid. One of the various heat transfer
enhancement techniques i1s to suspend fine metallic or nonmetallic solid
powder in traditional fluid. Nanofluid is defined at a new kind of heat
transfer fluid containing a very small quantity of nanometer particles that
are uniformly and stably suspended in a liquid. In this study, CuNi or
CuAg nano particles are used to investigate heat transfer enhancement.

Through the molecular dynamic(MD) method, molecular behavior was



clarified on an interface to examine the heat transfer mechanism of
nanofluid in a molecular dynamics point of view . The result showed that
the thermal conductivity of 0.5vol% CuNi nanopowder in ethyleneglycol
solution was 1249 higher than that of ethyleneglycol solution only. By the
numerical analysis for the molecular motions at the liquid-vapor interface,
a criterion to distinguish between liquid and vapor was suggested by a
potential energy and the number of neighboring molecules. When a
molecule moved into a vapor region from a liquid region, the potential
energy of a molecule was increased but the number of neighboring

molecules was decreased.
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Table 1

Comparison of thermal conductivities

Thermal conductivity (W/mK)

Conductivity ratio

Materials
Ag 429 1716
Cu 401 1604
Ni 90.7 363
O25 1

Ethylene glycol
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Fig. 2-4 An electric circuit for amplification
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Table 2 Test conditions for heat transfer

CuNi CuAg
Averaged nanoparticle
30 30
diameter(nm)
0.2
0.025
0.3
Volume percent(%) 0.050
0.4
0.100
0.5
10 10
Temperature range(C) 20 20
50 50

Ethylene glycol
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Fig. 2-5 Shapes of metal nanopowder

Fig. 2-6 The SEM micrograph of CuNi1 nanopowder
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Thermal conductivity ratio (k,,/K¢)
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Fig. 2-7 Thermal conductivity ratio at 10T
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Fig. 2-8 Thermal conductivity ratio at 20C
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Thermal conductivity ratio (k,,/K¢)

1.30

—

N

9]
1

1.10

1.05

1.00

0.95 1

0.90

0.00 0.05 0.10 0.15 020 0.25 030 035 0.40 0.45 050 0.55 0.60

P P
- %)
0 =
] ]

T T T T T T T 17
Volume percent (%)

Fig. 2-9 Thermal conductivity ratio at 50C
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Table 3 Properties of argon

Mass of argon (m) 6.634x10° kg
Diameter of argon molecule (o) 3.4x10 " m
Depth of potential well (&) 1.67x10°" J

Table 4 Simulation conditions

Total number of molecules (/V) 1000 EA
System average temperature (77) 100 K
Intermolecular distance ([) 3.6986x10 """ m
Quality of mixture (x) 0.05

Time interval (At) 0.005 ps (=5 fs)
Cut-off length (R) 35 0
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