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STUDY ON A EFFECTIVE THERMAL CONDUCTIVITY OF THE CFRP COMPOSITE STRUCTURE
BY A SIMPLIFIED MODEL
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The thermal balance test in vacuum chamber for satellite structures is an essential step in the process of
satellite development. However, it is technically and economically difficult to fully replicate the space environment by
using the vacuum chamber. To overcome these limitations, the thermal analysis through a computer simulation
technique has been conducted. The CFRP composite material has attracted attention as satellite structures since it
has advantages of excellent mechanical properties and light weight. However, the nonuniform nature of the thermal
conductivity of the CFRP structure should be noted at the step of thermal analysis of the satellite. Two different
approaches are studied for the thermal analyses; a detailed numerical modeling and a simplified model expressed by
an effective thermal conductivity. In this paper, the effective thermal conductivities of the CFRP composite structures
are extracted from the detailed numerical results to provide a practical thermal design data for the satellite
fabricated with the CFRP composite structure. Calculation results of the surface temperature and the thermal
conductivities along x, y, z directions show fairly good agreements between the detailed modeling and the simplified

model for all the cases studied here.
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Fig. 1 A concept of the CFRP composite structure detail model
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Fig. 2 A concept of the CFRP composite structure simple model
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2.1 Detail model
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Table 1 Conductivities of the CFRP composite materials[1]

. Conductivity| W/m-K]
Material k k
Iz Y Z
M55J CFRP facesheet 27.7 27.7 1.0
Aluminum 5052 138.5
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Fig. 3 The diagram of conductive heat transfer of the honeycomb
core
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Table 2 Effective conductivities of the honeycomb core[1]

X Conductivity[W/m-K]
Material
e k, ky k,
M55J CFRP facesheet 27.7 27.7 1.0
Honeycomb core(Simple model) | 0.78 1.16 2.07

A7IA, k& sURel AR R RS, i
U] A, S sUdS skl e Al A71E 9
gt & el sue FAE oF 0.018 mm, 31U
A A7) 3.175 mmE AAste] ARk FEEsion,
APATE Table 22 honeycomb core(simple model)ell LFERAS]
t}h z, gy, 2 W& i3k AHS Fig 30l UERHSILL

CFRP WAZ o] e Ao shie] 4544+
detail model®]l 283t M55] CFRP facesheet E/J%5 o]-g-ot
=3

3. O|EH Hi4

31 BH2T AN

2 AFofM= THRESE AXls] & 32k e
aste] Aaked 4 Qe
ug xR daig Sl

= 98 719
A9 PGS Hkgsle] FHLE ARk Ak 2 =5
i BUREE AP S8l B AJElsteady state)E
yeEfiglon, dEAA F2o HAE A8 HY E divigh
B2 9N ke Qe Aoz Pgsisinh olyE /e E
shato] x, y, 29 Al W] gt 3xd GHEE 1
oA BE WAYAE Ages)] YehW tEa) Zr7]

[1(k8_T) n i(k 6_T)

ox ox oy \ Y oy

o aT
+- (kzg) }dV+ Q = @

A ish viFRE A4S,
Wk B AR 9 Aol FAFEA A%
£ BARA F Golel A ol el pasle e E

g Al0m e thet e



66 / J. Comput. Fluids Eng.

D.G. Kim - K.I. Han - J.H. Choi -

J.J. Lee - TK. Kim

External
heat exchange

Element i

Internal

heat exchange

Fig. 4 A concept of heat exchange for the detail model
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Fig. 5 A concept of heat exchange for simple model
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Fig. 6 A schematic diagram of the thermal property extraction
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Fig. 7 The layout diagram of the heat source
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Table 3 Emissivities of the CFRP composite materials[1] Table 4 Applied heater temperature
Material Emissivity Heat Casel Case2 Case3
Carbon black paint 0.88 temporature 50T 30T 100C
Aluminum, vapor deposited 0.02 P (223K) (303K) (373K)
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Fig. 8 The extraction position of the surface temperature
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Table 5 The computational time for heat analysis
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Fig. 9 The result graph of surface temperature of the CFRP
composite structure for the z-direction
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Fig. 10 The result graph of surface temperature of the CFRP
composite structure for the y-direction
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Table 6 The extraction results of thermal properties

Conductivity| W/m-K]
Model k
Model Calculation time T y z
Detail model 6,326 sec (about 105 min) Detail model 2.44 2.79 1.90
Simple model 347 sec (about 6 min) Simple model 247 2.79 1.92
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