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Cooling and freezing law for liquid drop in ultrasound wave
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Abstract: The application of ultrasound to liquid freezing got much attention over the last few years and its
potential seems very promising. In order to make clear droplet freezing assisted by ultrasound, the heat and mass
transfer characteristic was studied based on ultrasound theory, penetration theory of mass transfer and energy
conservation. The ultrasound frequency, ultrasound intensity and operation time were studied in the process of the
liquid drop freezing. The results showed that ultrasound could accelerate mass transfer and make droplet rapidly
cooling. In the effect of ultrasound, the bubble size in the droplet was decreased with ultrasound frequency, and
the bubble number in the droplet was increased with ultrasound frequency. Mass transfer coefficient of droplet was
increased with ultrasound intensity and reduced with ultrasound frequency. For the mass transfer and heat transfer,
the direction were same in the droplet freezing process, the heat transfer was strengthened by mass transfer in the
droplet freezing process. Comparing with no ultrasound, droplet temperature with ultrasound (ultrasound
frequency 20000 Hz and ultrasound intensity 400 W-m %) was lower 2.0—2.5°C after the same time (60 s). Hence
the ultrasound helps to cool and freeze droplet. This study is favor to understanding the freezing by ultrasound and

its application.
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Table 1 Main parameters in calculation

Parameter Value
ambient temperature, 7,/°C -10
overflow rate, ¢ 0.1
thermal conductivity (water), A/W. m "K' 0.55
air velocity/m.s ™' 0.08
hydrostatic pressure, py/Pa 1.0x10°
initial droplet temperature, T4/'C 10
molecular diffusion coefficient, Dim?.s™! 0.000022
droplet radius /m 0.004
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1—constant temperature and humidity box; 2—temperature sensor;
3—droplet; 4—thermocouple; 5—transmitter; 6—computer; 7—high-speed
camera; 8—electron microscope; 9—light source; 10—glass; 11—ultrasonic

generator; 12—ultrasonic vibrator
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Table 2 Technical specification of instrumentations &

devices used in experiment system

Experimental instrument Measuring range Test accuracy

constant temperature and —40—100°C +0.5C
humidity unit /TLL-100

thermocouple /WRC —40—350°C +1.0°C

temperature sensor /TH200 -40—180°C +0.2°C

high-speed camera /FASTCAM 15000 frame-s™'

5x10° pixels, magnified
2000 times

electron microscope /SK2700

ultrasonic generator ultrasonic intensity
0—6000 W-m™?,
ultrasonic frequency

20—100 kHz
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