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Study on Mixture Equations of dielectric properties using
numerical model of radio frequency heating

SHI Huo-jie ", ZHANG Shao-ying'* , ZHENG Wen-xin'
(1. College of Engineering, China Agriculture University, Beijing 100083, China;
2. School of Mechatronics, Fujian A & F University, Fuzhou 350002, China)

Abstract Knowledge of dielectric properties(DPs) is essential for better understanding the heating behavior of argi-
food materials when subjected to radio frequency(RF) or microwave heating. DPs are also important parameters for non-
destructive quality inspection and classification of argi-food products. But it’ s difficult to measure them in particulate
materials due to the air mixed in the powder. In order to obtain accurate DPs, nonfat dry milk with 3.34% moisture
content and bulk density 537.0+ 7.9 kg/m?® was compressed into solid block with bulk density 1 243.2 £ 18.4 kg/m®
before measurement. Then the DPs of nonfat dry milk were calculated from the value of compressed samples using the
Mixture Equations, which were Complex Refractive Index Mixture Equation (CRIME Equation), Landau and Lifshitz,
Looyenga Equation (LLLE Equation) , Bottcher Equation(BE Equation) and Lichtenecker Equation (LE Equation). Those
DPs from four Mixture Equations were finally verified with a computer simulation model respectively. The simulation
model had been validated with a 6 kW 27. 12 MHz RF system. The result shows that the LE Equation is the most suitable
for nonfat dry milk. Other argi-food particulate materials can also be conducted using this method. The developed
computer model can further be used to study the effect of some important parameters such as sample size, position,
shape,and DPs on RF heating of particulate materials.
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Fig.1 Dimensions of a 6 kW,27.12 MHz RF

system used in simulations
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Table 1

*x1

PRBE I E4E S DPs RAREH (BARE) L ABTHNERE

uncompressed nonfat dry milk

Dielectric properties of compressed nonfat dry milk and specific heat capacity of

wEE T/°C

I HE R BAEH AL

L% C, /(J/ (kg « K))

Temperatures Dielectric constant Loss factor Specific heat capacity
20 5.66+0.29 3.8440.12 1487.83+37.28
25 5.37+0.19 3.4540. 24 1533.51£33.35
30 5.62+0. 14 4,1340.15 1578.14+31.35
35 5.6640. 15 4,2940.21 1618.32+34.45
40 6.1740. 25 5.06+0. 24 1667.13+31.72
45 5.86+0.16 4,.4640.16 1719.93+31.77
50 5.9240.12 3.8740.13 1791.17426. 31
55 6.58+0. 20 4,67+0.21 1 958.48+36.28
60 6.57+0.18 3.81£0.11 2 588.28+17.42

7 :DPs & 27,12 MHz il {f . Note:DPs are measured at 27. 12 MHz.

Table 2 Estimated dielectric properties of uncompressed nonfat dry milk

R2 KREH(BHRRT)HEDH DPs RS HFETEE

using different Mixture Equations

M T/°C

RA 72 Mixture Equations

Temperatures CRIME LLLE BE LE
20 . 61-1.10 j 2.47-0.91 j 2.45-0. 89 j .21-0. 58 j
25 .52-0. 99 j 2.39-0.83 ] 2.38-0.81j .16-0. 54 j
30 L 61-1.18 ] 2.47-0.97 2.46-0. 95 j .22-0. 62 j
35 . 62-1.22 ] 2.49-1.01 j 2.47-0.98 . 24-0. 64 j
40 781,41 ] 2.63-1.15 j 2.61-1.13 .34-0.71 j
45 .68-1.26 j 2.54-1.03 j 2.52-1.01 j . 27-0. 65 j
50 .68-1.09 j 2.53-0.90 j 2.51-0. 88 j .25-0.57 j
55 .88-1.29 j 2.70-1. 06 2.68-1.03 j .37-0. 64 j
60 .85-1. 06 j 2.67-0.87 j 2.65-0. 85 j .33-0. 54 j

BRI 3 Kk H— 0 H B RF i A 50 {8 55 Y
i CRIME J7 #2f1 LE 7 %2 1# DPs 5 HAT 3 W] i 22
B, N F) RE 0B AR
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3.2.1 M 5 A KR

by G (I 7 O 11 T N = 5 O 3 1 5

COMSOL # [ iy A% &Il 7> 647 5 A48 1 251
3900 O T RS A RS AR SRR 20 RRE SRS 2
TR 3 ok R FH A 1R A% B 9 0 2t AT T H 5 45 OB RS
0 2 53 AR 1)K A0 900 T 5 45 R AR BT L H T 5
AUHEH R 1/2 K47, 2978 15 min, B, )8
SR FH S 20 2 1) » (] Ik A 1 2 3 B B DL A A
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18 A= 57

i DPs(5% 2) 5 A (VS 3 (2 =0. 08) 4 i
3 2%, 4y MRk CRIME,LLLE/BE #il LE J5 ¢

FREC g FH A A RE 0B RS, I X 4

RIPEAT 4 B AN 80,100 A1 120 s. 45 B4 kL | &
T B ) e IME (T i) S RAE (T ) I (E (T i)
(£ 3), Hi, LE 758 2 B0 A0 A BUE B (1 i $4
K 0. 267 C/s (K 3 (a)) 5 ik B (4 i #4  %
0.285 °C/s 3 (& 3 (b)) H A E in# 80,100
120 s 5 Wkt bR T AUE T3 45 2R (Bl 4 (a)) i
I 45 R (E Ab)) WA it AL .

£33 BHEVHRXBAERHAFEMR 80,100 F1 120 s F EREHERE

Talbe 3 Maximum, minimum and average values of temperature on the top surface of nonfat dry milk
after radio frequency simulated heating for 80s,100s and 120s respectively C
EY & REH 2 REH 3

Tt E] 2/

Heating time

Coefficient set 1

Coefficient set 2

Coefficient set 3

Toin T e Tave Toin T e T ave Toin T e Tave

80 28.3 44.0 41.5 26.7 41.2 38.6 25.3 37.4 35.2
100 30. 3 49.0 45.9 28.3 45.6 42.4 26.6 41.1 38.3
120 32.3 53.7 50.0 30.0 49.8 46.0 28.0 44.6 41.3

R R TN A AT R A DPs 4. Hodh 284 1.2 Ml 3 19 DPs 433 1 CRIME J7 #2 \LLLE/BE J7#2 fil LE J7 #2355 .

Note: Coefficient sets consist mainly of specific heat capacity,thermal conductivity and DPs. DPs of set 1 to 3 are estimated from CRIME,

LLLE /BE and LE Equations respectively.
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Fig. 3 Time-temperature histories of RF heated nonfat dry milk in simulation and experiment
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Fig. 4 Simulated and infrared temperature distributions while RF

heated nonfat dry milk for 80,100 and 120 s
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