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Abstract. The software FLUENT was used to analysis the thermal balance of composites reinforced
by different shape buckypaper during the heating process. The research shows that the electrothermal
energy is mainly used to increase the temperature of the insulator and the heating plate itself at the
initial stage of heating. Because the mass and heat capacity of the insulators are both greater than that
of the heating plates, the insulators absorb more heat than the heating sheets. The heating rate of
insulators and heating sheets slows down as time increases, which result in the decrease of heat
absorption. The increase of external surface temperature makes convection heat dissipation increase,
so the proportion of convection heat dissipation increases, and the endothermic ratio of material
decreases.

1. Introduction

Compared with graphite films, buckypaper may exhibit a better thermal conducting performance not
only in the plane but also more importantly along the direction perpendicular to the plane of
buckypaper, i.e., along the thickness direction. Wang et al [1] reported a mechanical process by
which high-quality buckypapers (BPs) could be prepared by rolling a cylindrical pin over arrays of
multiwalled carbon nanotubes (MWCNTs). The aligned orientation of the MWCNTs in their samples
improved room temperature values of electrical conductivity (o) by a factor of 1.3 and of x by a factor
of 2. Zhang et al [2] reported electrical and thermal properties of a CNT bulk material made of
randomly oriented MWCNTSs by spark plasma sintering (SPS) at 1600 C. Their results showed rich
transport phenomena which the authors interpreted in terms of variable range hopping and fluctuation
assisted tunneling [2].

Thin sheets comprised of randomly oriented MWCNTSs, commonly referred as buckypaper
(MWCNT-BP), are expected to exhibit excellent electrical and thermal properties in view of the
exceptionally high electrical (~10° mQecm) and thermal (~3000 W/(m+K) ) conducting properties
of individual MWCNTs [3,4]. Carbon nanotube (CNT) buckypaper, which has large specific surface
area and tunable network structures, shows great potential in the application of heat dissipation for
high power electronic devices. Chen et al [5] investigated the effects of CNT diameter and length on
the network formation of buckypapers by vacuum filtration and their thermal transport properties
were thoroughly. The CNT architecture in buckypaper is found to be a key issue to affect the thermal
conductivity of buckypapers.

In this study, the heating model of the polymer composite reinforced by flat, sinusoidal and pulse
bending buckypaper is established to predict the thermal property of buckypaper reinforced
composite. The finite element software FLUENT is used to analyze how the bending shapes affect
the thermal balance.
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2. Numerical model

The software FLUENT was used to analysis the thermal balance of composites reinforced by
different shape buckypaper during the heating process. Figure 1 shows the heating model of the
polymer composite reinforced by the buckypaper.
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Fig. 1. Sketch diagram of heating experimental device

As shown in Figure 1, the length (L) and the thickness (7)) of the heating model are 600 mm and
100 mm respectively, and the width (w) is 50 mm. The thicknesses of the buckypaper are 10 mm. The
bending height (%) and bending period (4) of the sinusoidal and pulse bending buckypaper are 60 mm
and 120 mm. The heating powers are 25 W.

3. Calculation Condition

It is known by the conservation of energy, the energy conservation can be divided into three parts
from the beginning of heating to the steady state. The increasing part of the internal energy of the
insulation body and the heating sheets, and the external heat dissipation part of the system.

As shown in formula (1).

Qtotal = AUheater + Al]insulator + Qloss (1)
Among them, the total heating energy O, consumption can be obtained by constant heating

power and the time needed to achieve steady state. The increase of the internal energy of the two
materials can be expressed as formula (2).

AU ={p-c,-(8T), dv=pc,[(T,~T,)dv = pc, (T,,. ~T,)V @

As shown in formula (3), V is the total volume of each material, 7o is the initial temperature, and
Tave 1s the volume average temperature.

T.=[Tdv/v 3)

The volume average temperature of insulators AU, ... and heating sheets AU,
obtained when the steady state is derived respectively. The system dissipate heat through convection
on the outside surface and ambient air. The total heat dissipation is difficult to obtain directly as the

surface temperature changes continuously during the heating process. The total amount of heat lost
0, during the heating process can be obtained by replacing the internal energy added material and

can be

eater

the total consumption heat into the conservation of energy. The ratio of total heat consumption to
each heat input can be calculated after obtaining the heat flows back to each part from the beginning
of heating to a certain moment.
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4. Results and discussion

Figures 2 shows that the ratio of the total heat consumption to the total heat consumption vary with
the heating time under the shape of the three heating plates. The thermal conductivity of buckypaper
was set to be 1.0 W/(m*K). The thermal conductivity of the polymer matrix was set to be 0.1
W/(meK).

As shown in Figures 2, the electrothermal energy is mainly used to increase the temperature of the
insulator and the heating plate itself at the initial stage of heating. Because the mass and heat capacity
of the insulators are both greater than that of the heating plates, the insulators absorb more heat than
the heating sheets. The heating rate of insulators and heating sheets slows down as time increases,
which result in the decrease of heat absorption. The increase of external surface temperature makes
convection heat dissipation increase, so the proportion of convection heat dissipation increases, and
the endothermic ratio of material decreases.
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Fig. 2. The ratio of the heat flow direction vary with the heating time

5. Summary

The software FLUENT was used to analysis the thermal balance of composites reinforced by
different shape buckypaper during the heating process. The research shows that the electrothermal
energy is mainly used to increase the temperature of the insulator and the heating plate itself at the
initial stage of heating. Because the mass and heat capacity of the insulators are both greater than that
of the heating plates, the insulators absorb more heat than the heating sheets. The heating rate of
insulators and heating sheets slows down as time increases, which result in the decrease of heat
absorption. The increase of external surface temperature makes convection heat dissipation increase,
so the proportion of convection heat dissipation increases, and the endothermic ratio of material
decreases.
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