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Abstract:
Thermal conductivity is one of the important thermal properties
of the substance. In this study the method to measure thermal
conductivity of liquid the substance was performed by adopting
temperature gradient method. To avoid heat convection in the
substance, temperature gradient was created by cooling the
bottom of liquid substance using thermoelectric module.
Stainless steel was used as the reference material and water as
tested material. The thickness of tested material was varied from
5 mm to 15 mm with 5 mm of increment in the experiment. The
results show that the lowest error was obtained from the 15 mm
thickness with 2.8 % error. The lowest uncertainty was observed
in 10 mm of thickness with 9% of standard deviation.

thermal conductivity of solid substance has been reported with
reasonable result [9]. In liquid substance, the heat convection
should be avoided to assure that only heat conduction flow
through the material.
In this study, the experiment to measure thermal conductivity of
liquid substance using temperature gradient method was
conducted. Instead of heating from the bottom of tested
material, cooling was applied by using thermoelectric module
to avoid heat convection. The error of measurement was
analyzed by comparing the result with the value of thermal
conductivity from the reference. While, the uncertainty of
measurement was obtained from the standard deviation of
measurement result.

INTRODUCTION

EXPERIMENTAL SETUP

Thermal conductivity is thermal properties that measure the
ability of substance to conduct heat. The information of thermal
conductivity value of material helps engineer and researcher to
select material required for applications. The thermal
conductivity of liquid substance is enhanced when suspended
nanoparticles in it, called nanofluids [1]. The applications of
high thermal conductivity fluids can improve the heat
performance in engineering system [2]. Based on this fact, the
measurement of thermal conductivity of liquid substance
becomes important.

In this study, the scheme of experimental setup is shown in
figure 1. The tested material was water inside a container. The
insulation layer was attached on the container wall to assume
that heat flow only at vertical direction. Reference material in
this experiment was stainless steel SS304 since its thermal
conductivity is well known and was put at the bottom of tested
material. The dimension of reference material was 40 x 40 x 20
mm. The cold side of thermoelectric cooler was contacted to the
bottom of reference material with the same surface area with
reference substance. Heat sink-fan was attached on the bottom
of thermoelectric module to avoid overheating condition during
experiment.

There are several methods to measure thermal conductivity of
the substance [3-8]. One of them is adopting the temperature
gradient method to the tested substance. The utilization of
thermoelectric module as a heater for this method to measure

Figure 1. Experimental setup scheme
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DC electrical current was supplied to the thermoelectric module
thus the cold side absorbed heat from the top and the hot side
emitted heat to ambient through heatsink. The temperature at
T1, T2, and T3 were measured using T-type thermocouple and
was recorded using temperature data logger. The thickness of
tested material varies from 5 mm to 15 mm for comparison.

Thermal Conductivity
(W/mK)

5 mm Thickness

Once DC electric current was supplied to the thermoelectric
module the temperature gradient occurred and was measured
after steady state condition established. Since the heat flow is
mainly at vertical direction from the top of tested material to
bottom of reference material, so the heat conduction at tested
material and reference material was the same.
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Where kref, Aref, and Lref were thermal conductivity, area, and
thickness of reference material respectively. On the other hand,
kt, At, and Lt were thermal conductivity, area, and thickness of
tested material respectively.
Since the thermal conductivity of reference material was
known, area of tested and reference material were the same, and
other variables were measurable, so the thermal conductivity of
tested material was calculated by:
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This experimental results were then compared with the value of
thermal conductivity of water based on M. L. V Ramires
measurement results [10]. Temperature dependence of thermal
conductivity from 2 oC to 52 oC was very linear with the value
of R2 of 0.9915 and followed the linear regression equation
below:
(3)
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Where kw is thermal conductivity of water (W/mK) and T is the
temperature of water (oC).

(c)
Figure 2. Experimenta result and reference value: (a) 5 mm
thickness,(b) 10 mm thickness, (c) 15 mm thickness

RESULT AND DISCUSSION
The experiment results is plotted in figure 2. The temperature
(x axis) means the average temperature between the bottom and
surface of tested material. Black line with circles is the
reference value of thermal conductivity of water calculated by
using equation 3.

Table 1 shows the error and the standard deviation of
measurement. The errors are obtained by comparing between
experiment result and reference. The higher error means the
experiment creates larger difference value with the reference. It
shows the error of measurement decreases with the thickness of
tested material. The highest error is observed 5 mm thickness
with the error of 20.8%. While, the lowest error comes from 15
mm thickness with the error of 2.8%. The upper surface of water
inside container is not perfectly flat due to meniscus
phenomena. The adhesion of water which is stronger than its
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cohesion causes the concave meniscus [11]. It causes error
measurement in the experiment. The effect of meniscus to the
thickness of tested material is relatively less significant at the
thicker tested material.

Seldom Satisfied,” International
Thermophysics, Vol. 37, pp. 1-22,
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module”, J. Phys.: Conf. Ser. 776 012098

The standard deviation of measurement indicates the
uncertainty of measurement. The highest standard deviation is
in 5 mm thickness. In this experiment the temperature
difference between the bottom and upper surface of tested
substance is very small. It causes relatively high uncertainty of
temperature difference which is used for thermal conductivity
calculation. The thickness of 10 mm results the lowest standard
deviation. However in the 15 mm thickness, the standard
deviation increases again. The effect of cooling by
thermoelectric module decreases with the thickness of tested
substance. Since the top surface contacts with the ambient air
so its temperature is easily changed and causes the uncertainty
of measurement.
CONCLUSSION
In this study, the experimental for thermal conductivity
measurement of liquid substance by employing thermoelectric
module is well conducted with reasonable accuracy and
uncertainty. The most accurate measurement is observed in 15
mm thickness of tested material with the error of 2.8% from the
reference value of thermal conductivity. The lowest uncertainty
of measurement is in 10 mm of thickness with standard
deviation of 9%. The study can be improved by investigating
the optimum thickness of tested substance to obtain the highest
accuracy and lowest uncertainty measurement.
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