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Estimation of Orthotropic Thermal Conductivity of Honeycomb Material
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An experimental-computational hybrid system for measurement of thermal conductivity of
orthotropic materials is developed. The system consists of two experimental parts and a finite
element analysis part. Firstly, a temperature distribution generated by an uniform heating is
measured with a thermal video system, and a thermal conductivity of Z direction is calculated.
Secondary, a temperature distribution generated by a small area heating is measured with the
system. In the final step, thermal transfer analyses simulated the experiment support efficient data,
and thermal conductivity of in-plane directions are estimated by comparing between experimental
and analytical temperature distributions. The orthotropic equivalent thermal conductivity of
honeycomb materials given by this system agreed with the theoretical values.
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Experiment 1
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Heat Transfer Analysis
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Fig. 1 Flow of experimental-computational hybrid system for
measurement of thermal conductivity
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Fig.2 Honeycomb Sandwich Construction (HSC)

Ax = Ay + AR (1)
M=AW+%%K (2)
AZ=LW+§&ﬁ (3)
r=1 (4)
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Table 1 Material properties of HSC

Material | Thermal conductivity | Density | Specific heat
(293K) [W/m-K] lkg/m’} | [Tkg K]
aluminum 140 2710 896
air 0.027 1.205 1000
CFRP 0.5 1900 884
adhesive mat. 1.9 1500 1000

Table 2 Main specifications of Thermal Video System

Thermal Video System ( TVS - 5000 )
Temperature range -40~280 C
Sensitivity 0.05C
Field of view 10° X15°
Frame time 0.05 sec.
Picture resolution 256200
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Fig. 3 Measurement system of
thermal conductivity of Z direction

Table 3 Size of HSC specimens

HSC specimen A B C
Cell size : s [mm]. 6.35 9.525
‘Wall thickness : t [mmi] 0.061 0.033
Core ratio : R [107] 0.961 - | 0.346
Core height : h [mm] 30.0
Surface sheet thickness : t; [mm)] 0.8 l 1.0
Size of specimen : X XY [mm’] 250X250
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Fig.4 Comparison between theory and experiment

2.3 X, YEREER-ERAUE Hon=
ALAMBOEA (X, Y) HASMBEER: 1,0 2
y2HET 5,
HISOFEXICHAL, HS CREBROFRZ. ZHM
POMBREANFEICEITCERZITI &, XEKORK
TEOEBEVARE (. HAAMIHNT 5 —KTEEL
BLEfED 2 LIZIEE I8 L v,

ZD7zH, FIEEEEE #FH L - RESAEE
BREARERERGEBT ZHAEbE T, BRHH
SMBACERLTRET VAT LARBEL,

[R camera
-h camera

)
Texo(X,Y)
HSC specimen /'—'\

Thermal insulaor
&

z Trn(XY)
ﬁ—aﬁ

Fig. 5 Hybrid system for measurement of
in-plane thermal conductivity
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Table 4 Size of HSC specimens

HSC specimen D E
Cell size : s [mm] 6.35 3.175
Wall thickness : t [mm] 0.033 0.033
Core ratio : R [107] 0.520 1.04
Core height : h [mm] 24.0 24.0
Surface sheet thickness : tg [mm] 0.6 0.6
Size of specimen : X X YImm’] | 320X210 | 165X285
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Fig. 6 Thermogram of HSC heated locally
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Fig. 7 Temperature distribution along X-Y axis
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Fig. 8 FEM mesh for thermal transfer analyses

simulated experiment
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Fig. 9 Flow of analysis part of the hybrid system
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Table 5 Results of proposed hybrid system

Thermal conductivity Proposed Theory | Error
[W/m-K] system Eq.(DQR)| [%]
Specimen A | 4 1.449 1.482 2.2
(s=3.175mm
t=0.033mm)| Ay 2.126 2.210 3.8
Specimen B Ay 0.755 0.755 0.1
(s=6.35mm
t=0.033mm)| 4y 1.044 1.118 6.6
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