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Abstract: Objective To explore the mechanism of heat and mass transfer enhanced by ultrasound-assisted vacuum drying of
licorice extract, so as to provide a theoretical basis for the application of new technology in the drying of Chinese herbal extract.
Methods A multi-field coupled “ultrasonic field-temperature field-pressure field” heat and mass transfer model of licorice
ultrasound-assisted vacuum drying was established and solved. The drying temperature of 70, 80, 90 °C, ultrasonic power of 40, 80,
120, 160, 200 W drying test of licorice extract was studied. The experimental results of characteristic point temperature and dry
moisture were compared with the theoretical values calculated by the model. Results The effective diffusivity of water (Detr) and
mass transfer coefficient (kc) increased with the increase of temperature and ultrasonic power. When the ultrasonic power increased
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from 40 W to 200 W, Dett and ke increased by 200.65% and 154.46%, respectively. The experimental results verified that the
established model of ultrasound-assisted vacuum drying of licorice extract had good accuracy and reflected the real drying process
under certain conditions. Conclusion The ultrasonic field intensity and heat and mass transfer law in the extract were obtained

intuitively by establishing the simulation model of ultrasound-assisted vacuum drying process of licorice extract with good accuracy.

The results provide reference for the application of this technology in the development of efficient drying process and equipment

design of traditional Chinese herbal extract.
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Table 1 Main parameters of ultrasound-assisted vacuum drying model of licorice extract
SRR FEAME AL He V5 SRR FiEANME HA K

A (fo) 40 kHz WRSH| KA () 4.2 kJkg K™ 3CHR[22]
KA (co) 1483 mst SCHR[16] | HERBHRAE (cps) 1980 kJ-kg K SCHk[23]
WK Qo coffo mm SCHR[16] | AKVAAIE#R (AHD 42 504.02/Mn J-gt SCHER[22]
HERERE (W 2522  Pas I E | NE MBI RE (he) 17 W-m2K?1 SCiER[15]
HERBEE (po) 1213 kg'm3 RIE | FRESHRAH G 0.158 W-m K SHR[24]
IKERE (pw) 1000  kg'm3 SCHR[L8] |¥BRE FHARE Gw) 04202 W-m K S#R[24]
HEREPER (e 1704 ms? SCHR[L9] | /KB EER BT EE (M) 18 gmol™  CH#k[22]
NHEWEE (po) 7930  kgm3 CHR[L8] | BREE (py) 1 kg-m3 CHR[22]
AFE W EE (c2) 5200 ms?t SCHR[L6] | KEEE (oo 1000 kg-m3 SCHR[22]
TR REL (o) 0011 m?t SCHR[20] | PSRN (o) 0.05 - RIS
HERBWA R (o) 0325 mt XHk[21] | FREBERDE (o) 0.3133 - RIE M 5
A (Cpg) 1 ki-kg K™ SCRR[22] |12 BVILEIRE (wio) 0.537 4 - RIS 2

VE, B LTEWIRYE A 2 N 1.2~1.3 (MzEii
R 25 C) MBERIRYE R,
232 HEREFERIESENE  HL 100 g #
BN TEEH, B R, 2037 T EREE 70,
80. 90 C, H=If% 40. 80. 120. 160. 200 W,
FLFE-0.09 MPa, HEEAE AT ] 12~8 min (fXEE
20 min T8 5 B RF S I 1E] 12 min, o S i
] 8 min) HHATFERL . T FERT 300 min &
20 SyBREH YRR E T, 55 60 A EPEUH YR
FRERE, OREdE, REBNTEMT, St
fertal, EE LR, HEWRHAEEE R,
I3 M UASH E2 R 2 KPR EE (80 'C. 120 W) {E
R R AT AR A TR, AR
HE A 3 IR

W 2 STORET IR B AL IR o ol B T P 4 e
O (il D KRR o (B 2) FREF O
LB, GRS L AR A 2 (B 1-a), 43 RITE
HBAIE 40, 80, 120. 160. 200 W #4411 F 60
min, R A IE R AGE K 2 SUR AR
2.3.3 JK4rtn (moisture rate, MR). Dess X ke 115
Tk MR K Derr BITHEINVEAET 130 7158 7 v
BN, BARTTIE NS SRR IERS,

ke /2% T Dincer B3T3 /) % 07 B AT HE &
AR, BARTTVE NS 25 SR aE 728,
3 HERES
3.1 K47 Derr K ke

Wk 2 fio, TR 70~90 ChHY, HER
BB F T T8 Derr S ke 7370108 7.04X 1079~

R2 TRITFBRFBHEREKS Der K ke
Table 2 Detr and ke of licorice extract under different drying
conditions

TR
70 °C, 80W, —0.09 MPa, 12~8min
80 °C, 80W, —0.09 MPa, 12~8min
90 'C, 80W, —0.09 MPa, 12~8min
40 W, 80°C, —0.09 MPa, 12~8min 6.12X107° 3.03X10°®
80W, 80 C, -0.09 MPa, 12~8min 8.99X107° 4.25X10°®
160 W, 80 °C, —0.09 MPa, 12~8min 1.53X108 7.65X10°
200 W, 80 °C, —0.09 MPa, 12~8min 1.84X 107 7.71X10°®

Der/(ms ) ke/(m-s1)
7.04X10°° 3.03X10°
1.06 X108 4.71X10°
1.90X 108 7.09X 10

1.90 X108 m%s. 3.03X105~7.09X 105 m/s, BEIR
FEM) EFHMAER, $emim BN K o 28 K Bt 1
WZMEER, METEHT. HEESRHEET
1 Derr 22 ke B A HE 75 D) 2642 T 3O, 7S D)2
40 W 215 % 200 W, Derr J2 ke 737 #2155 200.65%-
154.46%. W] HEAE H T-BEE A D230, B
FEAE 1) 77 5NN A N AR AR B, AR TR
IKTEA R AL E AR B M, HI 55K 544 18]
(RIS B 731290, I 48 ey 1 A% A B 8
32 BENEINEED MR

75 YA AR R AR FR B (1) 7 T B 75 e 0 73 A A
i A E A RCR P E SR, R 2 W 2
AU 75 7 A 1) B AR PR OS), 5 AR 40 kHz,
HEAE TN 40, 80, 120. 160. 200 W I, I27E &
A M R At 3 fiac. ATRLEH, 40W
A IR, 7 EIRIE N-179~327 kPa, 75kt
SLERAL A MR IR, A RAEA BRI R E



Fig.

B3 ARMEFIENBEERIRFERDH (BFEAE 40 kHz)
3 Distribution of sound field and SPL inside extract with different ultrasonic power (ultrasonic frequency 40 kHz)
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Fig. 5 Moisture distribution of extract at different time of ultrasound-assisted vacuum drying
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