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Abstract. FLUENT was used to analyze how the shapes of nanopaper affect the temperature
distribution, the changes of the temperature with time and the heating rate during heating. The
obtained temperature distribution maps shows that high temperature region appear in the vicinity of
the nanopaper. The curve of the average temperature exhibit similar trend and there are two distinct
stages observed. The first stage shows that the slopes of the curves increase significantly with
increasing the heating time. A progressive but slow increase of the average temperature is observed in
the second stage.

1. Introduction

Carbon nanotubes (CNTs) have been comprehensively studied for their excellent electrical, chemical,
thermal and mechanical properties [1-4]. Compared with graphite films, due to the excellent thermal
conductivity, the polymer composites reinforced by the nanopaper can be used to solve the heat
problems associated with advanced electronic equipment [5-10]. Studies on their thermal properties
are less frequently reported, particularly for the thermal properties of nanopaper reinforced polymer
composites analyzed by using the finite element analysis. In this study, heating model of the polymer
composite reinforced by different shape nanopaper is established to predict the thermal property of
nanopaper reinforced composite.

2. Numerical model

The finite element software FLUENT was used to simulate the thermal property of the polymer
composites reinforced by sinusoidal and pulse bending nanopaper. The heating model of the polymer
composite reinforced by the nanopaper is shown in Figure 1.
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Fig. 1. Sketch diagram of heating experimental device

The length (L), width (w), and the thickness (7) of the heating model of the polymer composite
reinforced by both sinusoidal and pulse bending nanopaper are 600 mm, 50 mm, and 100 mm
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respectively. The thicknesses (%) of sinusoidal and pulse bending nanopaper are 10 mm. The bending
height (/) and bending period (4) of pulse bending nanopaper are 60 mm and 120 mm. In Figure 1,
heating the nanopaper is driven by a power source, and the cube region is the polymer matrix which is
heated by the nanopaper. The temperature of the polymer matrix is increased due to the
electro-heating of the nanopaper.

The objective of this research is to analyze the effect of the shapes of nanopaper on the changes of
the average temperature with time and the heating rate when the composite materials is heated using
a finite element software FLUENT. The changes of the average temperature with time and the heating
rate were analyzed when the composite materials in the heating process until reaching the steady state.
During the analysis, two different shapes of nanopaper were considered: sinusoidal and pulse
bending; the heating powers were varied from 5, 25, to S0W; the nanopaper were 1 W/(m*K); the
thermal conductivity of the polymer matrix were varied from 0.02, 0.05, 0.10, and 0.20 W/(m<K).

Boundary conditions were pre-seted as follow. The natural convection heat transfer coefficient
was set to be 10 W/(m?+K). The ambient temperature was set to be 300 K. The thermal conductivity
of nanopaper was set to be 1.0 W/(m<K). The specific heat capacity of nanopaper was set to be 1000
J/(kg*K). The density of nanopaper was set to be 500 kg/m>. The thermal conductivity of the polymer
matrix was set to be 0.1 W/(m+K). The specific heat capacity of the polymer matrix was set to be 1300
J/(kgeK). The density of the polymer matrix was set to be 1000 kg/m?.

Figure 2 and Figure 3 shows the geometry model of the polymer composites reinforced by
sinusoidal and pulse bending nanopaper.

Fig. 2. Model of the polymer composites reinforced by sinusoidal nanopaper

Fig. 3. Model of the polymer composites reinforced by pulse bending nanopaper

The inner heat source of the nanopaper with sinusoidal heating sheets can be obtained by formula

(D.
O, = 25W —— =62024.7W/m’ (1)
(0.01x0.05x0.161226) m’ x5
The inner heat source of the nanopaper with pulse bending heating sheets can be obtained by

formula (2).

_ 25W — 45454 5W/m’

®
7 (0.01x0.05%0.22) m* x5
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3. Results and discussion

The temperature of the polymer composites reinforced by sinusoidal nanopaper at stable states along
the section x=0 are listed in Table 1.

Table 1 Temperature of composites reinforced by sinusoidal nanopaper along the sections x=0

Tmax/K Tmin/K Tave/K

349.586  302.350 325.822

The temperature distribution of the polymer composites reinforced by sinusoidal nanopaper at the
stable states along the section x=0 were calculated. The obtained temperature distribution maps are
shown in Figures 4. Clearly, high temperature region appear in the vicinity of the nanopaper.
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Fig. 5. Temperature distribution maps of composites reinforced by pulse bending nanopaper along the section z=0

The heating rate and the time for the nanopaper/polymer composites reaching a steady state were
calculated by the finite element software FLUENT. The relationship of the average temperature as a
function of time in a transient state along the section z=0 was also analyzed and the results are shown
in Figure 5. Figure 5 shows that the curve of the average temperature exhibit similar trend and there
are two distinct stages observed. The first stage shows that the slopes of the curves increase
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significantly with increasing the heating time. A fast increase of the average temperature occurs
during stage I after which the slope is changed, indicating the beginning of the second stage. A
progressive but slow increase of the average temperature is observed in the second stage.

4. Summary

FLUENT was used to analyze how the shapes of nanopaper affect the temperature distribution, the
changes of the temperature with time and the heating rate during heating. The obtained temperature
distribution maps shows that high temperature region appear in the vicinity of the nanopaper. The
curve of the average temperature exhibit similar trend and there are two distinct stages observed. The
first stage shows that the slopes of the curves increase significantly with increasing the heating time.
A progressive but slow increase of the average temperature is observed in the second stage.
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