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Application of 3D scanning method in radio frequency heating simulation
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Abstract: In order to improve the simulation accuracy, this paper
took potatoes as examples, selected two irregular-shape
potatoes, used a three-dimensional scanner to obtain the accurate
geometries, imported the geometries into a multiphysics finite el-
ement software COMSOL Multiphysics® , solved its temperature
distribution field under different powers/voltages, and carried ex-
periment verifications. Results show that after 40 minutes of RF
heating, the temperature distribution, maximum and minimum
temperature values and internal time-temperature curves of the
simulated results are in good agreement with the experimental re-

sults with a simulation accuracy over 90%. This method is suit-

able for simulating RF heating processes of irregular-shape sam-
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ples. Variations of sample shape and plate voltages do not have
significant influence to the accuracy of RF heating simulation.
Keywords: radio frequency; three-dimensional scanning; thermal

processing; computer simulation
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Figure 1 Potato samples and their 3D scanned

geometries in FEM package
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Figure 2 Scheme of 3D scanning procedure
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Figure 3

Flow chart of 3D scanning and radio frequency

heating simulation in COMSOL Multiphysics®
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Figure 4 Configuration of the radio frequency heater
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Table 1 Initial and boundary conditions of radio frequency heating simulation with COMSOL Multiphysics®
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Table 2 Thermal and dielectric properties of potato samples
FE SR/ °C AL A AR AR P/ (k] + kg™ « KD #AHR/(Wem !« K1)
10 119.83+1.59 500.68+14.97 3.68 0.61+0.03
20 125.68+£2.37 567.20+18.41 3.67 0.6240.04
30 132.12+2.79 640.02+14.77 3.66 0.62+0.04
40 140.46+2.97 716.42+18.84 3.62 0.6340.03
50 145.70+3.81 792.76+28.54 3.62 0.6740.05
60 125.40+t4.44 853.154+34.99 3.62 0.7740.04
70 99.46+4.78 942.80+35.46 3.63 0.9140.05
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Figure 5 Comparison of experimental and simulation

results of sample 1
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Figure 6 Comparison of experimental and simulation

temperature distribution of sample 2
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Figure 7 The maximum and minimum temperature vari-
ation with time on the surface of potato 1 and 2

during experiment and simulation
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Figure 8 Temperature-time histories of selected center
location in potato samples 1 and 2
3 ghie

ACHIF TR A = 4140 5 65 0 AR IR il ) = 4R T8 R
2500 AU LT S 00 o AR v R BE O3 A O R AT
Bk . SR W] ORT A IR KR R = 4RI R AR S U SR AR
Bl R A IR A 5 e A R AR AT A R R
6 58 R A e 5 A AR T 2 5 4 2 R TR 2
259+ 2 THT B P VU VL BE 1 A LR BE #7390 6 LA E
LA B A H T A e L R AR TR AR A2 4 AR B2 45 AR 5 il A
PSS RGO R L I 1 = 4 45 i LA 38 T S 00 K
B AB R = HE 10 05 1 32 7 S 0 AR AL o AR
Hh L RRADL 5 SRR B R AR T K = A BT 3R AT 0 LA TR
PR A IRITHRAE G A7 AE — R 19 1L B 08 22 T ik
TE 5 8 0 5 A 58 4 — B, 25 W AR PUURG L 0T R ok il
Bt — B AL A rp R i A T oA 3 el

&% 3

[1] RYYNANEN S. The electromagnetic properties of food ma-
terials: A review of the basic principles[]]. Journal of Food
Engineering, 1995, 26(4) . 409-429.

[2] MARRA F, ZHANG Li-leng, LYNG ] G. Radio frequency
treatment of foods: Review of recent advances[J]. Journal of
Food Engineering, 2009, 91(4): 497-508.

[3]1 PALAZOGLU T K, MIRAN W. Experimental comparison

of microwave and radio frequency tempering of frozen block

BE 2138 | 201947 A | AR5V

of shrimp[ J7. Innovative Food Science &. Emerging Technol-
ogies, 2017, 41 292-300.

[4] MARRA F, LYNG J, ROMANO V, et al. Radio-frequency
heating of foodstuff: Solution and validation of a
mathematical model[J]. Journal of Food Engineering, 2007,
79(3): 998-1 006.

[5] ROMANO V, MARRA F. A numerical analysis of radio fre-
quency heating of regular shaped foodstuff[ J]. Journal of
Food Engineering, 2008, 84(3): 449-457.

[6] FERRARI-JOHN R S, KATRIB J., PALADE P. A tool for pre-

[}

dicting heating uniformity in industrial radio frequency process-
ing[J]. Food &. Bioprocess Technology, 2016, 9(11): 1-9.

[7] OZTURK S, KONG F, SINGH R K, et al. Radio frequency
heating of corn flour: Heating rate and uniformity[ J]. Innovative
Food Science &. Emerging Technologies, 2017, 44 191-201.

[8] BEDANE T F, LONG C, MARRA F, et al. Experimental
study of radio frequency (RF) thawing of foods with move-
ment on conveyor belt[[]J]. Journal of Food Engineering,
2017, 201. 17-25.

[9] CEPEDA J F, WELLER C L., THIPPAREDDI H, et al.

[}

Modeling cooling of ready-to-eat meats by 3D finite element
analysis: Validation in meat processing facilities[ J]. Journal
of Food Engineering, 2013, 116(2). 450-461.

[10] KUFFI K D, DEFRAEYE T, NICOLAI B M., et al. CFD
modeling of industrial cooling of large beef carcasses[]]. In-
ternational Journal of Refrigeration, 2016, 69, 324-339.

[11] STURE @, @YE E R, SKAVHAUG A, et al. A 3D machine
vision system for quality grading of Atlantic salmon[]J]. Com-
puters and Electronics in Agriculture, 2016, 123 142-148.

[12] WANG Ning, BRENNAN ]J. Thermal conductivity of
potato as a function of moisture content[ ] ]. Journal of Food
Engineering, 1992, 17(2). 153-160.

[13] #p B, & S04 45 i B v A A S T 9 4 400 % S 3 i e LD .
K REERFDLRY, 2014; 17-18.

(147 SRARWE. 4% 2 55 0 2 4 0 KO FHHL B 5 [ D], 75 %2
AL fRAARBL R K%, 2018,

[15] geARd. 36T 55U # i & b R BORBFSE (D, ¥ wg . 1l
AR, 2015, 23-25,

[16] BIRLA SL, WANG Shao-jin, TANG Ju-ming. Computer sim-
ulation of radio frequency heating of model fruit immersed in
water[ ] ]. Journal of Food Engineering, 2008, 84(2); 270-280.

[17] UYAR R, BEDANE T F, ERDOGDU F, et al. Radio-fre-
quency thawing of food products: A computational study[]J].
Journal of Food Engineering, 2015, 146 163-171.

(18] Rc. o T4 RIS HARIMI. doat. B2 R,
2009 123-124.

[19] LI Yu-lin, LI Feng, TANG Ju-ming. et al. Radio frequency
tempering uniformity investigation of frozen beef with vari-
ous shapes and sizes[ J]. Innovative Food Science & Emer-
ging Technologies, 2018, 48. 42-55.

[20] TIWARI G, WANG Shao-jin, TANG Ju-ming, et al. Analysis of
radio frequency (RF) power distribution in dry food materials[ J].

Journal of Food Engineering, 2011, 104(4) . 548-556.



