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Abstract

Refractive index of a liquid is known to depend strongly on the temperature
gradient of liquids. When a laser beam is directed onto a glass rod, which then passes
through a liquid going through thermal diffusion, the light projected onto a screen will
show an oblique line that turns into a curved line in relation to the thermal diffusivity.
A simple apparatus is used to measure the laser profile on the screen in relation to
time. By measuring the time evolution (t) of the laser profile in relation to the distance
between the curve and the oblique line (h) and the position of the laser beam on the
liquid container going through thermal diffusion (y), the thermal diffusion dynamics
can then be revealed.

The thermal diffusion of water, glycerol, ethanol, and NaCl aqueous solution are
studied. The acrylic container contains a transparent liquid and is placed above the
cold source. The liquid goes through thermal diffusion, and the temperature gradually
decreases from bottom to top, forming a temperature gradient and a refractive index
gradient of the liquid. When the laser beam passes through a glass rod at a certain
angle, and then passes through the transparent liquid of the container, an oblique line
is formed on the screen. After a period of thermal diffusion, it becomes a curve. The
distance between the curve and the oblique line (h) changes with the time (t) and the
position of the laser beam on the container (y). The chart of (h-t) in relation to (y) can
be used to know the thermal diffusivity of the liquid.

Glycerol, ethanol, and NaCl aqueous solution all follow the Thermal Diffusion
Law when the cold source is 0° C. Only water does not follow Thermal Diffusion
Law at 0°C. When the cold source is switched to -5°C, water and NaCl aqueous
solution both exhibit nonlinear characteristics. By using simple equipment, further
understanding of the refractive index gradient, temperature gradient, thermal
diffusivity, and nonlinear thermal diffusion dynamics of liquids is possible.
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