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ABSTRACT

Effect of Ultrasonic Vibrations on Enhancement of

Phase Change Heat Transfer

Yoo, Sung-Lim
Advisor : Prof. Oh, Yool-Kwon Ph.D.
Major in Technology & Home Economics Education

Graduate School of Education, Chosun University

This study presents experimental and numerical works on the effect of ultrasonic
vibrations on enhancement of Phase Change Heat Transfer. In order to investigate
the melting process of a phase change material (PCM), the present study was
applied experimental condition as following : one without ultrasonic vibrations (i.e.,
natural melting) and the other with ultrasonic vibrations. And a constant heat flux
condition was considered and modified dimensionless number such as Ste* and Ra*
were adopted. Also, heat flow phenomena were visually measured by a particle
image velocimetry (PIV) and a thermal infrared camera with and without ultrasonic
vibrations. Numerical work was applied to calculate the acoustic pressure in the
liquid paraffin, instead of experimental measurement. For the numerical work, a

coupled finite element-boundary element method (coupled FE-BEM) was applied.

_ix_



The experimental results revealed the acoustic streaming could accelerate the
melting process as much as 2.5 times, compared to the rate of the melting without
ultrasonic vibration and was saved the total consumed electricity about 2.3 ~ 2.9
Wh. In addition, temperature and Nusselt number over time provided conclusive
evidences which are the important roles of acoustic streaming on the melting
phenomena of the phase change material. The numerical results of the profiles of
acoustic pressure variation are consistent with those of augmentation of heat
transfer. That is, the higher acoustic pressure distributions are, the higher
augmentation ratio of heat transfer is near to ultrasonic transducers. In the end, it
is concluded that acoustic pressure variations are closely related to the augmentation
of heat transfer. This mechanism is believed to increase a coefficient of heat

transfer
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Table 1 Thermophysical properties of n-Octadecane

Properties Unit Value
Melting Temperature C 53.2
Boiling Temperature T 300
Thermal Conductivity W/m - K 0.210
Density kg/m’ 863.03
Specific Heat kJ/kg - K 10.56
Viscosity m'/s 0.00028
Heat of Fusion kl/kg 241.60
Thermal Expansion Coefficient - 0.001
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Fig. 9 Finite-element meshed for a vibrating plate

Fig. 10 Fixed boundary condition of a vibrating plate
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Table 2 Bulk modulus of elasticity of n-Octadecane

Bulk modulus of elasticity (N/m?)

Temperature [°C]

1 atm 1000 atm
60.0 1.06 x 10’ 1.96 x 10’
79.4 9.61 x 10° 1.82 x 10’
98.9 8.62 x 10° 1.72 x 10’
115.0 7.81 x 10° 1.64 x 10’
135.0 6.94 x 10° 1.56 x 10’

Table 2= 17143 100071 3toll A Hadsbe} A (n-Octadecane) ] FE=AIFE
AgHo=z 3% 2 S 2 CRC handbook of chemistry and physics[19]9] #S &+
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