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Abstract

The line heat-source method is one among many classes of transient methods for measuring thermal properties, such as thermal conductivity,
diffusivity and specific heat, which are directly related to heat conduction. Belonging to this category is the transient plane source (TPS)
technique for simultaneous measurements of thermal conductivity and diffusivity of solids. The technique uses a ‘resistive element’ made of
nickel foil in the form of a bifilar spiral (TPS element/sensor) covered on both sides with an insulating layer of Kapton. For the first time,
the calibration procedures of such a sensor have been extended down to 35 K. By fitting the calibration data to a fourth-order polynomial, a
reliable equation for the measured resistance of the TPS element covering the whole temperature range of interest (35-300 K) was obtained.
A moderate decrease in the sensitivity of this sensor was observed around 60 K; it is attributed to a nearly temperature-independent resistivity
coefficient (TCR) behaviour in this temperature range. The sensitivity decline is linked to a design factor that is related to the resistance
behaviour of the material used in the construction of the sensor. To improve the practicality of using the sensor in this temperature range, a
comparison was made between the behaviour of the TCR values of nickel and silver. It is found that a sensor made of silver foil will improve

the accuracy and extend the measurements to lower temperatures.
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1. Introduction

The advancement of technology requires the development
of new materials having physical properties suitable for use
in severe conditions, for instance, the materials used in the
construction of the high-pressure vessels in chemical distil-
lation plants or in the construction of large furnaces. Further-
more, a fundamental understanding of the physical processes
that are related to the transport of thermal energy in some of
these new materials is also essential. Therefore, the devel-
opment of experimental methods to measure these properties
under various environmental conditions should follow a line
parallel with this progress. The reliability of a specific method
is decided by several factors, such as the speed of operation,
the required accuracy and performance under various envi-
ronmental conditions, the physical nature of material, and the
geomeltry of the available sample. However, in most methods
the main concern is to obtain a controlled heat flow in a
prescribed direction, such that the actual boundary conditions
in the experiment agree with those assumed in the theory.

A class of methods for measurements of thermal properties
is the transient methods. In these methods, the sample is

initially at thermal equilibrium with the surroundings. Then
one end of the sample is subjected to a short heating pulse.
The change in temperature is monitored at one or more points
during the time of measurement. The thermal diffusivity is
then evaluated by correlating the experimental temperature
measurements with the theoretical relationship obtained from
the solution of the differential heat equation. Solutions for
different experimental arrangements and various boundary
conditions are given by Carslaw and Jaeger [1].

The line heat-source method is a specific transient method
in which a line heat source (wire or strip) is embedded in the
specimen initially at uniform temperature. With this method,
it is possible to measure both the heat input and the temper-
ature changes, and then the thermal conductivity and diffu-
sivity are simultaneously determined.

The transient hot wire (THW) method based on the empir-
ical work of Stilhane and Pyk [2], and the transient hot-strip
(THS) method initially introduced by Gustafsson [3] for the
study of transparent liquids belong to this specific class. It is
based on a transient temperature rise of the hot strip (thin
metal foil) at constant energy input. The strip is used as both
a constant heat source and temperature sensor. The duration
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