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A Study of Free Convection Using Thermochromic Liquid Crystals as Dilute

Suspension in a Fluid
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Abstract
This paper presents a technique using thermochromic liquid crystals (TLCs) as dilute suspension
in a water. The study focuses on a free convection heat transfer of water mixed with TLCs in a cubic

enclosure. Commercial package of Computational Fluid Dynamics programme, FLUENT was used to
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compare the accuracy of the new technique. The experiment was carried out in the test cell between 2
heated plates under Rayleigh number of 4.8*107. The temperature distribution of the mixture is shown by
physical changing of molecular structure of TLCs. When the white light is illuminated on the working fluid,
light of only one particular wavelength corresponding to its temperature is reflected. The image
processing programme was developed to calibrate the relationship between Hue and water temperature.
The whole temperature mapping, which cannot be obtained from any other temperature measuring
devices, is revealed simultaneously by dispersed TLCs. The local and average Nusselt numbers near
both hot and cold walls are presented.

From the results obtained, it was found that the temperature profiles in the test cell, obtained from
TLCs and computer simulation are consistent. Moreover, both results showed that the working fluid flows
in a counter-clockwise direction. TLCs showed that the average free convective Nusselt numbers on cold
and hot walls are 19.24 and 20.28 respectively. They agree well with the numerical results. This is
indicated that the technique of applying TLCs as dilute suspension in water can provide temperature
information in both quantity and quality. Moreover, this technique can also be applied to study both the

3D and complex flows.
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