Proceedings of Mechanical Engineering Research Day 2018, pp. 270-272, May 2018

Comparison of the characteristic of heat transport between non-shear
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ABSTRACT – Heat transport at solid-liquid (S-L)
interfaces play an important role in determining the
performance of a system. Although there are several
studies conducted related to the characteristics of heat
transport at S-L interface, the comparison between nonshear and shear heat transport have yet to be explored
thoroughly. This study will look into the heat transport
characteristics between non-shear system and shear
system based on the thermal boundary resistance. It is
found that, surface structure of solid walls and shear
system have influences on the characteristics of heat
transport at S-L interfaces.
INTRODUCTION
Solid-liquid (S-L) interfaces was utilized in various
engineering applications such a lubrication and coatings
systems [1]. In the lubrication and coating systems, heat
transport play a significant role in the performance of the
system [2-3]. A system generally will fail without
adequate thermal management. As such, the knowledge
of the heat transport is crucial in a system. Although there
are a number of investigation done related to heat
transport [4–6] at S-L interfaces, the clear view of heat
transport between shear system and non-shear system
have yet to be clarify thoroughly. Therefore, this study
investigated the comparison of the heat transport at S-L
interfaces between non-shear and shear systems using
molecular dynamics simulation.
1.

SIMULATION SYSTEM
The simulation system consists of liquid confined
between two parallel solid walls as shown in Figure 1.
The liquid is a simple liquid. The solid walls consisted of
face-centred cubic (FCC) lattice with three types of
surfaces which is (100), (110) and (111) facing the liquid.
The three types of surfaces for the FCC lattice is shown
in Figure 2.
2.

2.1 Potential functions
The simple liquid was modelled using Lennard
Jones 12-6 (LJ) potentials which is given as follows [7]:
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The ε and σ is 2.0433 × 10 and 3.73A, respectively. The
parameter for methane is utilized in this system. As for
the solid wall, it is modelled by Morse potentials [8]:
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Where the parameters were D = 7.6148 × 10−20 J,
r 0 = 3.0242 Å and α = 1.5830 Å−1, which the parameter
for gold. The interaction between solid and liquid
molecules was modelled by LJ potential. The interaction
parameters were calculated using Lorent-Bertholet
combining rules which is given as follow [6]:
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The interaction sites s and l belong to solid and liquid
respectively. The interactions were cut-off beyond the
radius of 12.0 Å for the Morse and LJ potentials. The size
of the simulation system was approximately 40 × 40 ×
120 Å and a periodic boundary condition was applied in the
x- and y-directions of the simulation systems

Figure 1 The system of liquid confined between two
solid walls.

Figure 2 FCC lattices of (100), (110) and (111).
2.2 Simulation details
The reversible references propagator algorithm (rRESPA) was applied for the time integration [9]. Initially
the temperature of the system was raised to the targeted
temperature of 0.7 Tc (critical temperature) of the liquid
and the system is equilibrated until a uniform temperature
is acquired. Then the non-shear and shear was setup and
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run until equilibrium. In the non-shear setup, the solid
walls were set at low temperature and at the center of the
liquid, high temperature was set. As for the shear system,
a constant speed of 100 m/s was applied to the two solid
walls in the opposite directions generating sheared liquid.
Finally, the heat flux (HF) across the simulation system
is measured. The value of HF is tabulated in Table 1 and
Table 2 for non-shear and shear system respectively.

Crystal
Plane
100
110
111

Table 1 Non-shear system.
TJ
HF
(K)
(MW/m2)
22.9
188.9
17.2
190.0
19.5
188.8

TBR x 10-6
(m2K/W)
0.1215
0.0907
0.1031

Crystal
Plane
100
110
111

Table 2 Shear system.
TJ
HF
(K)
(MW/m2)
13.0
86.3
17.5
181.6
9.0
58.3

TBR x 10-6
(m2K/W)
0.1503
0.0963
0.1551

3.2 Thermal boundary resistance (TBR)
In order to understand the characteristics of heat
transport at S-L interfaces the TBR is determined, which
is defined as follow [6]:
TJ
(4)
TBR =
HF
Where HF and TJ are the heat flux and temperature jump
at the S-L interface, respectively. The calculated value of
TBR is tabulated in Table 1 and Table 2. Based on Table
1 and Table 2, The TBR is in the order of (110), (111) and
(100) for the non-shear system start from the lowest to
the highest. As for shear system, it is in the order of (110),
(100) and (111). From this observation it is understood
that sheared liquid influences the characteristics of heat
transport at S-L interfaces.
CONCLUSION
Shear system and surface structure of solid wall
influences significantly the heat transport characteristics
at S-L interfaces.
4.
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3. RESULTS AND DISCUSSION
3.1 Temperature distributions
In order to calculate the temperature distributions of
the system, the simulation system was divided into
several slabs as mentioned in ref [9]. The temperature of
each slab was calculated from the kinetic energy of the
random velocity of molecules. Figure 3 shows the
temperature distribution of the simulation system.
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