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Experimental Study on Correction of
Thermal Conductivity Obtained by Heat Flow Method using
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ABSTRACT: This paper addresses experimental methodologies to measure the temperature-dependent thermal conductivity of the insulation
materials popularly used for LNG cargo containment systems. The measurement techniques considered in this paper are the Quarded hot plate
(GHP) method and heat flow method (HFM). The former is based on the power supplied to the hot plate to keep the temperature constant, and the
latter is based on a direct heat flux measurement. In order to improve the accuracy of the HFM, the thermal conductivity obtained by GHP was
cross-compared with the HFM results, and a calibration factor was derived. It was found that the thermal conductivities measured by the two
methods corresponded well under room temperature, but the deviation tended to slightly increase as the temperature decreased. Because of the easy
installation and operability of HEM, it can be used to measure thermal conductivity in a large scale mock-up test or unit insulation panel test,

where the GHP method is difficult to apply.
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Fig. 1 Applicable thermal conductivity range (Netzsch, 2014)
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Fig. 2 Conceptual diagram of Guarded hot plate method System
(Netzsch, 2014)
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Fig. 3 Guarded hot plate method apparatus used in experiments

Table 1 Specification of Guarded hot plate method apparatus

Specimen size 300X 300 [mm]

Measuring area 150X 150 [mm]

Maker Netzsch (Germany)
Type Guarded hot plate (2-way)
Accuracy £2%

R el il

w Upper layer
Thermocouple junction

w Lower layer
Thermocouple junction

[J Positive thermocouple metal
[ Negative thermocouple metal
[ Thermal resistance layer

Fig. 4 Schematic diagram of the layered type heat flow sensor
(Sensormag, 1999)
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Table 2 Specification of heat flux sensor

Size 100X 100 [mm]
Maker Captec (France)
Type Layered
Accuracy £3 %
Workable temp. -170°C ~ 130°C
23 AlE A7 o Algf o
AF<EAlE ASTM C-518(2004) ol AAE ol whe} Al
cold plate®] Ateloll AAsk3l o Fig. 5o veht Sl= 23
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Table 3 Specimen dimension

Specimen Specimen size Thickness
PVC rigid foam 300X 300 [mm] 25 mm
Melamine foam 300X 300 [mm] 30 mm

R-PUF 300X300 [mm] 25 mm

Fig. 5 Specimen (PVC rigid foam)

Table 4 Sensitivity of Heat flux sensor (provided by device maker)

Sensor Sensitivity [ uV /(W /m?) ]
Sensor#01 61.1
Sensor#02 58.6
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Table 6 Difference in thermal conductivity

[GHP/HFM, PVC Rigid Foam]
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Fig. 6 Thermal conductivity of PVC rigid foam (GHP results)

Table 5 Comparison GHP results and HFM results (PVC rigid foam)

Temperature [C]  -160 -120 -80 -40 20
Difference [%] 1.9 1.9 3.6 1.7 0.9
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Fig. 9 Thermal conductivity of R-PUF (GHP results and HFM
results)

Table 8 Thermal conductivity difference

[GHP/HFM, R-PUF]

Temperature [C]  -160 -120 -80 -40 20
Difference [%] 21.3 124 8.9 8.0 2.7
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Table 9 Calibrated sensitivity [average]

Temperature Sensitivity [ V/(W/m"2)]
[C] Upper Bottom

-160 74.58 73.46

-120 69.26 68.16

-80 65.43 65.96

-40 63.92 64.60

20 61.22 60.58
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