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The Transient Plane Source (TPS) method is one of the most accurate techniques for analyzing the thermal properties
of materials, including solids, liquids, and powders. This method enables the evaluation of thermal parameters of
anisotropic materials in both radial and axial directions, providing precise and non-destructive measurements for
conductive and insulating materials. Temperature control during experiments further improves measurement accuracy.
However, a key limitation of this method is the requirement to satisfy specific conditions between the thermal
penetration depth and the sensor radius, which can be challenging depending on specimen geometry. In this study, the
TPS method was used to determine the thermal conductivity and thermal diffusivity of a graphite composite as an
anisotropic material. Despite geometric limitations, the measurement requirements were fulfilled by connecting
multiple specimens and eliminating additional thermal contact resistance. Owing to the anisotropic nature of the sample,
accurate determination of the specific heat capacity of graphite was also necessary; therefore, a novel measurement
approach with an error of less than 7% was proposed. The thermal conductivity of graphite was measured as 20.792
W-m-K™! in the axial direction and 51.390 W-m™!-K ! in the radial direction. To validate the methodology, aluminum
was used as a reference material assuming isotropic behavior. The results confirm that the TPS method is a powerful
tool for analyzing the thermal behavior of materials and can contribute to optimizing the design of engineering and
energy systems to improve performance and durability.
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Table 2 Specifications of Copper, Aluminum, and Graphite
Length Width Thickness  Weight

Test Material C (J/g°C)

(mm) (mm) (mm) (2

Aluminum 0.9 25 10 5 215

Copper 0.385 25 10 ] 9.81

Graphite 25 10 5 2.39
Composite
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Table 3 Results of 6063 aluminum quantometer test

Al Si Fe Cu Mn Zn Ni Cr Pb
Rem 0471 0.285 0.206 0.88 0.012 0 < 0.001 0.137 0
<0.001
Ti Be Ca Sr Bi \' Zr Sn Na
0.0230 < 0.001 0.002 0.001 0<0.001 0.016 0 < 0.001 0.002 0.001

P B Ag P Co Li
0.012 0.002 0< 0.001 0.012 0 < 0.001 0.001

e (55k0glsS (yaajl i € Jodo
Table 4 Results of copper quantometer test

Cu Sn Pb Zn Fe Mn Al Ni Si
99.9 0<0.001 0< 0.0010.027 0.017 0< 0.001 0 < 0.001 0.0022 0.0
Ag Co Cr P Mg Sb Cd Bi S

0< 0.0010< 0.003 0.001 0.0180<0.001 0< 0.002 0 < 0.001 0.002 _
Be Zr B © Ti As

0< 0.0010< 0.001 0< 0.001 0.013
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Table 1 Biot Number of Copper and Aluminum Samples and
Computational Parameter

Heat transfer

.. Conductivity
Sample Area (m?) Volume (m3) coefficient w. Biot number
=)
2K
Aluminum 202.207 1.4e-4
6063 6e-4 1.25e-6 13.5 . de
Copper 400 7e-5
hA T(t) - T
—t=—-In—-"2 )
pvVC Ts — Ty
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coefficient of the environment and the specific heat capacity of graphite
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Table 6 Dimensions of the specimens tested by the transient plane source
method

Length . Thickness  Diameter .
Sample Gl Width (mm) (i) (i) Weight (g)
Al‘;’g:’g“m 54 54 10 - 7
Graphite - - 5 36.5 9
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Fig. 6 Temperature data results for heating and cooling of three
specimens: Aluminum, Copper, and Graphite
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Table 5 Physical Properties of Silicone Paste

Property Unit Value
Color = White
Viscosity cp 542
Thermal Conductivity W/m-K 1
Shelf Life = 60 months at 38 °C
Volume Resistivity ohm-cm ~2 x 10%°

Volume 26, Issue 02, February 2026



0.035

0.03 -
Graphite

@ 0.025 Aluminum
o
c Copper
@
6
B 0.02
o
o
@
7“2-’ 0.015
=
n)
[}
o

=}
=]
=

0.005

\ \
3.5 4 4.5 5 5.5 6
lteration

slaesls Bl al) @ cawd ol cawlus Julxs AJSS

GLySI )3 uyp 390 yiolily il sy

Slgie
Fig.8 Sensitivity analysis of the results to the outlier removal procedure,

the relative slope variation of the investigated parameter across
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Table 7 Results of the specific heat capacity of graphite—copper
composite and its comparison with reference values

Test Temperature

Material (©) -C/ge0) Ref.- C (J/g-°C) Error%

389 077 0.74 37

. 66.4 0.85 0.89 38
Graphite 614 087 0.6 >
81.2 0.87 0.937 7.1

65.4 0.36 037 E|

Copper 1023 037 039 44
95.5 0.38 0.38 1.4

113.7 0.38 0.39 21
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Fig.7 Regression results of Equation (8) on the experimental data for
graphite at an average temperature of 60 °C
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Table 8 Thermal properties of graphite in axial and radial directions

Material Test k, k, a, a,
1 21.972 49.631 10.986 24.815
Graphite 2 20.149 52.631 10.074 26.317
composite 3 20.746 51.354 10.373 25.677
4 21.905 49.425 10.952 24.713
5 20.503 51.488 10.252 25.744
6 19.481 53.810 9.741 26.905
Average 20.792 51.390 10.396 25.695
Standard deviation 0.984 1.695 0.492 0.847

Uncertainty +0.353 +0.395
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Table 9 Thermal properties of aluminum in axial and radial directions

Material Test k, k. a, a,
1 206.028 199.537 84.785 82.114
2 206.438 196.081 84.954 80.692
Aluminium 3 209.787 194.671 86.332 80.112
6063 4 212.309 190.809 87.370 78.522
5 205.606 197.905 84.611 81.443
6 212.308 190.628 87.374 78.448
Average 209.747 194.938 85.904 80.221
Standard deviation 3.134 3.659 1.289 1.506

Uncertainty +0.353 +0.395
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