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Comparison of Thermal Conductivities of Thermal Insulations
by Different Measurement Methods
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We have some problems concerning the measurement of thermal conductivity of thermal insulation. One of
them is that there are few reference materials for measuring thermal conductivity in the temperature range above
100 °C. Therefore, the thermal conductivity of thermal insulation has much deviation that depends on measurement
apparatuses and observers in spite of measuring the same specimen. Then, I have researched how far the influence
of the difference in measurement methods and apparatuses extends. Furthermore, I have investigated how to
measure thermal conductivity in the temperature range above 100 “C. In this study, I investigated the measurement
apparatuses for thermal conductivity of the identical and same kind of thermal insulations using Guarded Hot Plate
(GHP), cyclic heat, and transient hot wire methods in the temperature range from 100 to 1300 °C. The thermal
conductivities of three kinds of thermal insulations were measured, and compared with each other. As far as
measuring the identical and same kind of specimen, it was clear that the results obtained by these three methods
agreed with each other within £10% deviations. Therefore, it is considered that the comparison of the thermal
conductivities obtained by the different measurement methods will be practical for improvement of the accuracy
measurement at the temperature range in the absence of reference materials.
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Fig. 1 Deviations of apparent thermal conductivity
round-robin test results from value calculated with the
corrected equation for fibrous almina-silica [3].

o 15- T A T 'AI T T T T '<>:
S 10f gvoy B 0]
£ v o S ]

X r v V 3
3 g < & 8 E
~  OF e E
2 osp 3@ X X
R 8 a ]
~ -10F :
\ E 3
¢ 15 ] o o3
~ -20F D E
~ _25: | . | . | . | . | N
300 400 500 600 700 800

T[K]

Fig. 2 Deviations of apparent thermal conductivity
round-robin test results from value calculated with the
corrected equation for calcium silicate [3].
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Fig. 3 Schematic diagrams of the Guarded Hot Plate method.
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Fig. 4 Schematic diagrams of temperature waves
in the cyclic heat method.
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Fig. 5 Schematic diagrams of the transient hot wire method.
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Fig. 10 Comparison of the results by transient hot wire

with cyclic heat methods for calcium silicate (123 kg/m’).
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Fig. 11 Comparison of the results by transient hot wire with
cyclic heat methods for lightweight brick (393 kg/m’).
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Fig. 12 Comparison of the results by transient hot wire with
cyclic heat methods for lightweight brick (458 kg/m’).
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Fig. 13 Comparison of the results by GHP with cyclic heat
methods for alumina fiberous insulation (205 kg/m’).
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Fig. 14 Comparison between two apparatus based on cyclic
heat methods for fiberous insulation (205 kg/m’).
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NOMENCLATURE
: amplitude rate at the point x,,
: mean specific heat, kJ/(kg*K)
: thickness of specimen, m
- heating period, s
: imaginary unit
: attenuation coefficient defined in Eq. (4)
: length of specimen or hot wire, m
: amount of heat, W
: radius of hot wire, m
: heating surface area, m
: absolute temperature, K
s time, S

L TR B (@ T I T S VG N

D>

T va o3 b

: space coordinate in Fig, 4

: measured point of temperature in Fig. 4, m

: differential temperature, K

: arbitrary phase of temperature wave, rad

: temperature, ‘C

: thermal diffusivity, m”/s

: thermal conductivity, W/(m*K)

: bulk density, kg/m’

: phase of temperature wave at the point x;,,, rad

Subscripts

obs
cale

(1]

(2]

(3]

(4]

5]

(6]

[7]

(8]

%]

(10]

(1]
[12]

(13]

: measured value

: calculated value by using reference equation
from NIST

: temperature at the heating surface of specimen

: temperature in the middle of specimen in Fig, 4

and the start of measurement for transient hot wire

method

: temperature at the bottom surface of specimen in

Fig. 4 and the finish of measurement for transient

hot wire method
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