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Abstract

Carbon-fiber which has very small radial dimension makes us difficult to measure it's properties. So
in this paper, we suggest a simple method to measure the thermal conductivity of a carbon-fiber's and
carbon-fiber-reinforced-plastics(CFRP) laminates. The thermal conductivity of CFRP laminates was
measured experimentally at the same time analytically. The experimental model is based on the
one-dimensional analysis of fin sample because CFRP laminates has a thin geometric configuration. The
analytical model to measure the thermal conductivity of carbon-fiber is expressed by use of mean-field
model which is based on Eshelby's elliptical inclusion problem. Therefore the thermal conductivity of
angle-ply laminates can be computed by use of effective longitudinal and transverse thermal
conductivities of unidirectional composite of the constituents.
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Fig. 1 Principle of thermal conductivity measurement
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Fig. 2 Schematic diagram of coordinate system
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Table 1 List of the lay-up and volume fraction
for the specimens

Specimen | Lay-up Volume Fraction{(%)

NOI-L 16 56.0
NO1-T 16 56.0
NO2-L 16 55.3
NO2-T 16 55.3

NO3 16 53.4

NO4 12 53.1
NO5-L 15 52.8
NO5-T 15 52.8

Thesmo
Couple

Cooling
Water

Thermal
Video system

Fig. 3 Schematic of apparatus for measuring
temperature distribution on the specimen
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metals at the steady state
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Fig. 5 Temperature distribution and fitting curve of
plastic at the steady state

Table 2 Results of m-value and h-value for metals

and plastics
Specimen Cu Al Fe PC PMA
m (m") 8.28 | 10.82| 18.9(173.52} 181,06
h (¥-oX') {12.96|13.27| 13.3] 4.48 | 6.07
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Fig. 6 Temperature distribution and fitting curve in
lengthwise direction at the steady state

Table 3 Result of A -value in lengthwise direction

Specimen | NOI-L NO2-L NO5-L
o (") 6.46 6.75 8.65
AW - wCY) 342,67 313.85 161,12

sof —%— Cross-ply
—&~ textile-ply

Termmperature, T(C)
>
T

34 N — L | SR 1
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Fig. 7 Temperature distribution and fitting curve of
the cross-ply and the textile-ply specimen at
the steady state

Table 4 Result of A -value for the cross-ply and
texile-ply sepcimen

Specimen NO3 NO4
m (o) 9.36 9.43
AW oK) 163,22 160. 81

Table 5 Comparison between theoretical and
experimental thermal conductivity of
the cross-ply and textile-ply specimen

Specimen NO3 NO4
Theoretical Result 157.32 157,32
Experimental Result 163.22 160. 81
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Fig. 8 Temperature distribution and fitting curve of

specimens in lengthwise direction at the
steady state

Table 6 Result of A -value for specimens in
lengthwise direction

Specimen NO1-T NO2-T NO5-T
o (") 82.41 83.32 | 86.64
AW - m K T 0.81 0.79 0.73
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Table 7 Longitudinal thermal conductivity of the 5. 8 8
carbon fiber
Specimen NOI-L | NO2-L | NO5-L 2 Ao CFRP A5 dieg ¢ B
T 2 oy = gAA o3 = o
A(w-a'c!) | 61172 | 567.34 | 361.75 YARE T A= qu 2d=ge
Hrskgnk o] Hrl dEle W 1Ay dHe
FAE $8% ez NQHEY IE 2& 43
Table 8 Transverse thermal conductivity of the TEE Jhgsted HWo] HALEREY =3
carbon fiber 9o o olE g Alxdloz =X FT
. curve fitting¥r o 24 A F¢o Holwat & 27}
Speclmenl NOL-T | NO2-T | NOS-T Gl Q8 GREE GLHSE Doty o
o
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NO42] AN £x2¥ =4 Ax U curve fitting
ANE Hozp Qo AE 2L Ay A= Specimen NOI-L | NOZ2-1. | NO5-L
$o] A WEE Fdeeng £ A¥HAY dA m (m") 6.46 6.75 8.65
L =F 2
=8 A4 MRE RS 5T £ slow, A(W-o'KY) | 342.67 | 313.85 | 191.12
3 A= Table 4ol Yebdng. =g AuyEw . =T
3 HBRERe 4 o5 2z A (6) 2 Specimen NO1-T NO2-T NO5-T
A (e olgoTH o2y = 312 oA n(n') 82.41 | 83,32 | 86.64
HE Table 5ol Hepd RHH APt A9 & AW -mK") 0.81 0.79 0.73
a3 g Bl
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A Table 69 eI sl oIS &+ AN

43 EbAN RO HEMESR Specimen NO1-L NO2-L NO5-L

g AT 9 BZA9 dAxgy gAMH A(W-w'K*) | 611.72 | 567.34 | 361.75
g AREE A ®) R A (9 BEFe=H & Specimen | NOI-T  NO2-T | NO5-T
AAM R0 ACE L ALS 9l o 2 -

“‘h" dhasEe Adw # gow, olv AW-w'KY) | 11.42 | 1098 | 9.13
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o] e GHEEL Table 80 eI lsta] e Altkel oldtel dEgE 4d
Et2Mf+= Turbostratic graphite2}li= Z# =19 =7k w4 54 e

AZAZ F4Ho gled, o] HAA=}= graphite Specimen NO3 NO4

AR i WEE FuE 443 JF4 Theoretical Result| 157.32 157.32

st A= graphite®} 22 F71Ao) U BHA Experimental Result] 163.22 160. 81
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