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Prediction of Thermal Conductivity of Spatially Reinforced Composites
Sang-Fui Lee", Jae-Seok Yoo®, Chun-Gon Kim"*, Chang-Sun Hong™', and Kwang-Soo Kim"™*

ABSTRACT

This paper predicted the thermal conductivity of spatially reinforced composites(SRC) by applying the volume
averaging method and the thermal resistance method. The former method employs existing micro-mechanical
“theories and conventional transformation rules to obtain the constitutive relations for the unit cells of the
composites and the latter one uses the analogy between the diffusion of heat and electrical charge. To verify
the theoretical predictions, the thermal conductivity of 4-D(dimensional) SRC was examined experimentally. The
comparison of the numerical results with those measured by the experiment showed good agreement.
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k., (WimK) | 0259 (23%) 0338 0.435 (+29%)
kzz (wimky | 1858 (09%) 1874 0.891 (+0.9%)
Fig. 12 A 4-D specimen after curing and cutting.
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Fig. 13 Variation in k., with uncertainty in k2.

Table 4 Relation between Ku42, k2 and ky of 4-D SRC of
same rod reinforcement

knominnl
kuz(wimky 0216 (-10%) 0240 0.264 (+10%)
Ky (Wimky 0259 (-23%) 0338 0435 (+29%)
ki (Wimk) 1148 (21%) 1172 1198 (+22%)
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Table 5 Input properties for prediction of k2 of 4-D SRC

d, s d, s d, d, k., k., k,
mm mm W/mK W/mK W/mK
0.67 1.33 5.675 0.338 0.189

k 2.4
Z 224
(Wimk) 20 1.8743
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Fig. 14 Comparison between the predictions and the experiment.

AE L Bl A& Anel F o|E2e AFAE vwd}
o, 7 AFAE Fig. 149] JERRSITH

&AL APAHI} AolE Hele g Fa dd
AE W EAste 71F%FS 2 —‘?—Ei I Aoz B
. AE Y4 9e F g 1FE AAYN €X
£ AHgEgm, AZE %O}—%MP_L} 71%& A3 AA
#AE Eack agn =9 AAo] FdstA Rt
ol &) AlgE z+ e AHue} A AAAAMY 2 T
Fozol AFu7} T2 AL ol Hoje Il o=
Holm, ANEoA AEE 948 FAL o AEF
AT AAE o5 AololA, olld g QA=
Agtt AT & gy Hole ot 5E s
HAAAE 10%P=ENA dXFE BAFAT

2 19 ro

i iy S

[o

a

E a7dAe AR Ads A% MdE AHEs



68 ol AN-RAZT-ZTFA-AF5 BREAGHHESGE
o, INHeE BY 5‘ EgdA dATASFE d&sige Fiber Reinforced Composites by the FEM,” Journal of
o, €A% MdE HEste 4D SRCY FAZAZA o Composite materials, Vol. 33, No. 18, 1999, pp.
g A54E AL o8 AP wustd, 523} 1699-1715.
7t 48457 & X8t ;J\—--Q ¢ 4 Atk 2832 6) Z. Hashin, “Analysis of Properties of Fiber Composites
3-D % 4-D SRCY FAZAFE &5l ol & 3x44F 2 with  Anisotropic ~ Constituents,”  Journal of Applied
2 vdetdoe =4, SRC7} 7}7<lc EAE EAL Folugt Mechanics, Vol. 46, 1979, pp. 543-550.
o 9% A7) =2 B3HE 3-D SRCE FHAL 7 ) Springer and Tsai,  “Thermal Conductivities of
As AE ¢ F %len, 4D SRCE IWg A S Unidirectional ~ Materials,”  Jowrnal of Composite
e ¢ 5 Ak Materials, Vol. 1, 1967, pp. 166-173.

FHHoE BAE EFAE Aol Aol ©A/o1FA 8) C.S. Lee and S. J. Kim, “Investigation on the validity

ERAZ AFEE ALE Qo 2 gigs 2§
2 AFH AL g4 BAZE A= olvbdm oz ol
243 FH9 olgigo] oy, BT EHo] o]Fo)x
W ga/ElAh SRCO AATAFY dEdE 834 A
&3 olx e} Alg g}

7 7

2 ATE @FYBIFNY FALAKAD} A Qe
QFAAZ +99 Holo, Aol thal WAL A=
Yy

u,:

aEd

1) Q. G. Ning and T. W. Chou,
of the Transverse Effective Thermal

“A Closed-Form Solution

Conductivity of
Woven Fabric Composites,”  Journal. of Composite
Materials, Vol. 29, No. 29, 1995, pp. 2280-2294.

2) A. Dasgupta, “Three-dimensional modeling of woven-fabric
composites for effective thermo-mechanical and thermal
properties,”  Composites Science and Technology, Vol. 56,
1996, pp. 209-223.

3) G. Teters and A. Kregers,
of Spatially Reinforced Fibrous Composite Materials,”

of the Second Baltic Heat
Conference 1995, 1995, pp. 493-502.

4) H. Tai,

Three-Dimensional

“Effective Thermal Properties

Proceedings Transfer

“Equivalent Thermal Conductivity of Two- and

Fiber-Reinforced
Composites in One-Dimensional Heat Flow,” Journal of
Composites Technology & Research, Vol. 18, No. 3, 1996,
pp. 221-227.

5) M. R. Islam and A. Pramila,

Orthogonally

“Thermal Conductivity of

of the rule of mixtures,” Proceeding of 99 Korean

Society for Composite Materials, 1999, pp. 111-117.



