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Figure 1 (Color online) An optical path schematic of the two-color femto-second laser pump-probe experimental system
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Figure 2 (Color online) A schematic of the sample structure used for
liquid thermal conductivity measurement
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Figure 3 (Color online) Schematic of bi-direction heat transport in the
sample
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Figure 4 (Color online) Influence of physical properties on phase signal sensitivity in liquid thermal conductivity measurement. (a) Influence of glass
thermal conductivity; (b) influence of aluminum transducer thickness; (c) influence of pump laser modulation frequency
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Figure 5 (Color online) Experimental data from liquid thermal conductivity measurement and the best-fitting curves. (a) Thermal conductivity meas-
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Figure 6 (Color online) Influence significance of physical properties on best-fitting curves. (a) Influence of pump spot diameter; (b) influence of glass
specific heat; (c) influence of aluminum transducer thickness. The solid and dash lines are best-fitting curves of measurement data of water and hexa-
decane samples, respectively, and circles and triangles are the influence of physical properties on best-fitting curves
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Thermal conductivity measurement of liquids using femto-second laser
pump-probe technique

SUN FangYuan'?, ZHU Jie' & TANG DaWei'

! Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190, China;
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The ultra-fast laser pump-probe technique, which is also known as transient thermo-reflectance technique, is a non-contact experimental
method widely used for measurements of thermal properties and heat transfer processes. Based on a special two-color femto-second
laser pump-probe technique, a rapid experimental method for thermal conductivity measurements of liquids is described in this paper,
which has many advantages such as operational convenience, high accuracy, and small liquid sample requirements. During thermal
conductivity measurements, pump and probe lasers are co-axial and focused on the interface between the aluminum transducer layer
and the glass substrate by a 10x objective lens. The temperature of the aluminum surface will rise immediately following illumination
by the laser pulse and fall within the time interval before the next pump pulse. The surface reflectivity of aluminum is a function of
temperature and is recorded by a photoelectric detector from the intensity of the reflected probe pulses. The temperature rise caused by
the laser energy is small enough that the thermal properties of liquids are stable; the convection inside the liquids is also so weak that it
can be ignored. In our study, the heat transfer within the sample during the measurement was analyzed using a bi-direction heat
transfer model, which is described. The parameter dependences of the physical properties which may influence the measurement
accuracy, including thermal conductivity of the glass substrate, the thickness of the aluminum transducer layer and the modulation
frequency of the pump laser, are also analyzed using this model. The analysis shows a lower substrate thermal conductivity, a thinner
aluminum transducer layer and a higher modulation frequency can increase the sensitivity of liquid thermal conductivity and reduce
measurement error. This analysis will aid in designing sample structures and choosing experimental conditions. In the study, thermal
conductivities of two kinds of liquid, water and hexadecane, are measured using this method, and the results are approximately 0.6 and
0.14 W/(m K), respectively, which match the accepted values and verify the effectiveness of this experimental method. The largest
measurement error comes from the uncertainty of the aluminum transducer layer thickness. Furthermore, the 1-nm uncertainty in the
aluminum transducer layer thickness leads to a 2% and 10% relative error for the measured thermal conductivities of water and
hexadecane, respectively. Additionally, this method is also valid for similar measurements of solids with low melting point such as
paraffin wax, and the interfacial thermal conductance measurement of solid-liquid interfaces.

femto-second laser pump-probe technique, liquid thermal conductivity, bi-direction heat transport

doi: 10.1360/N972014-01282

1327



