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Double-frequency Ultrasonic Vacuum Drying and Moisture Migration
of Whole Egg Liquid
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Abstract; In order to solve the standing wave problem generated by single-frequency ultrasound, the
whole egg liquid was dried by double-frequency ultrasonic vacuum. The mechanism of dual-frequency
ultrasound was studied. The digital simulation results showed that under other conditions, dual-frequency
ultrasound had better cavitation effect than single-frequency ultrasound. Compared with single-frequency
ultrasound, when using double-frequency ultrasonic drying of whole egg liquid, the drying time was
shortened by 30% , the average drying rate was increased by 41.6% , and the effective diffusion
coefficient of water was increased by one times, which showed that dual-frequency ulirasound was
beneficial to shorten the drying time of materials, increase the drying rate, and thus improving energy
efficiency. Low field nuclear magnetic resonance and magnetic resonance imaging techniques were used
to analyze the effects of single-frequency and dual-frequency ultrasound on internal water state and
migration during whole egg liquid drying. The results showed that with dual-frequency ultrasound, the
change of the overall peak area on the inversion spectrum was more significant than that of single-
frequency ultrasound, indicating that dual-frequency ultrasound was beneficial to improve the fluidity of
the water in the material and was more conducive to drying. In the initial stage of drying, the amplitude
of the signal corresponding to free water in the inversion spectrum was gradually reduced, and the
transverse relaxation time was gradually shortened. In the middle and late stages of drying, with the large
amount of free water removed, the drying was mainly to remove the combined water and semi-bound
water. The results of magnetic resonance imaging showed that the dual-frequency ultrasonic drying had

lower brightness than the single-frequency ultrasonic drying H* proton density image during the same time
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period , indicating that dual-frequency ultrasound was more likely to promote the internal moisture removal

of whole egg liquid.

Key words: whole egg liquid; vacuum drying; dual-frequency ultrasound; low-field nuclear magnetic

resonance
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Tab.2 Transverse relaxation time and peak area of whole egg liquid with 28 kHz ultrasonic vacuum drying
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0 0.08)¢ 0.94)® 6.54)" 7.87)° 22.20)" 12.80)" 25.37)° 7.90)"
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20 0.12)° 0.49)® 0.08)" 2.62)" 12.65) 19.25)°¢ 3.42)" 6.19)°
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40 0.40)*° 7.00)°¢ 2.74)°¢ 32.27) 6.26)° 17.00)"
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(0.284 (6.136 = (67.335 + (936. 176 + (79. 966 + (1567.581 =
100 0.07)¢ 1.48)" 5.45)" 23.92)" 23.96)¢ 19.50)°
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120 0.01)¢ 0.46)¢ 0.85)" 18.60)°¢ 8.05)¢ 3.14)°
(0.248 (2.011 = (57.224 = (458.770 = (8.853 = (1302.397 =
140 0.02)° 0.70)¢ 6.06)" 7.94)1 3.64)°¢ 5.38)!
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Fig.5 H" proton density image during whole egg liquid drying under single-frequency and dual-frequency conditions
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