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A Study of Thermal Conductivity for the Composite Materials

Heechun Yang®*

ABSTRACT

The thermal conductivity of the composite materials becomes an important factor because
the required processing temperature increases and the processing time needs to be decreased.
The thermal conductivity in the fiber direction is given by the rule of mixtures, since the fiber
and matrix present continuous paths for heat conduction. The transverse thermal conductivity,

however, has non-continuous paths and depends on the individual properties of the constituents,
such as the fiber volume fraction, the fiber shape and the fiber distribution. In this paper,
the fiber distribution of the composite is described using the Weibull density function and the
transverse thermal conductivity is determined for the different types of prepregs. The type of

prepreg does not have a significant effect on the thermal conductivity of the composite and the

result can be represented by using the modified lower bound equation.
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Table 1. Examples of advanced thermoplastics[1]
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Fig. 1. Thermal paths for the lower bound equation
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Fig.2. Thermal paths for the real composite

g Springer®} Tsaits 7FEdf7F TR ez B
E3 o] ke /M SlellA] dHGHEE w8 4
242 ZAbglela, A AR} Al ke
22 FEFHY e A o3 2L g g
AxAe] Al whyS = &3)ooH8].
k4 — e k
e = (=Vop) + [/ 1oy + (G- -1
m
............ (4)
= (AEY ARt Ad e P
e ASells ti3 2ol Wk dHEASLE
Al Abstel ek
ky 75 de -1
— =1+2 Uf I:f
km A 0 sech + B UV -
k
B=2 [_Eﬂ -11 e (5)
f

ki/ky=10°12}= 7}AelA &
At Aspolct, AR AW #F A
Fejrh Ay elehe 22 e

et



oA, 4, 199512

B

w
53
T

w
T

[\v]
T

—
[
H

Dimensicnless Thermal Conductivity (kr/km)
N
(9}
i

1 1 1 I . l i

1 . .
01 02 03 04 05 068 07 08

Fiber Volume Fraction (V)

Fig. 3. Dimensionless thermal conductivity(ky/k.)
with thermal conductivity ratio(ks/ky,) =10
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Table 2. Various prepregs for the PEEK and AS-4
graphite fiber
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Fig.5. Micrograph of the composite made from
commingled towpreg
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Fig. 6. Micrograph of the composite made from
powder coated towpreg
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Fig.7. (a) Voronoi cells for the irregularly distributed fiber

(b) Approximated Voronoi cells as the nearest square
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Table 3. Parameters of the Weibull density function
for the 3types of prepregs
(a) APC-2 tape prepreg

0.4660 [0.4725 10.5254 |0.5377 | 0.5840
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1.1442011.09265| 1. 08849 | 0, 96448 | 1.13509

5.59821|4.45677 | 4,29971|4.624401 4.04178
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4,89510|4.77678 | 4. 74205 4. 76759 | 4.76349

(b) CCMI powder coated towpreg
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(c) Geometry of the Voronoi unit cell
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Fig. 8. Histogram of the Voronoi distance and data
regression by the Weibull distribution
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Table 4. Transverse thermal conductivity of PEEK

and AS-4 composite and measurement of
APC-2(unit: W/m )

v | B0 ®) |pictouten| Ba- (@ | Vepshisment
0.55 | 0.5441 | 0.6619 | 0.5090
0.56 | 0.5566 | 0.6791 | 0.5186
0.57 | 0.5697 | 0.6970 | 0.5287
0.58 | 0.5834 | 0.7157 | 0.5392
0.59 | 0.5977 | 0.7354 | 0,5501
0.60 | 0.6128 | 0.7560 | 0.5614 |0.590 at 25C
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