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Design and Experiment of Wet-type Microwave Sterilization Device

Lu Jianhui Hong Li
(College of Engineering, Ocean University of China, Qingdao 266100, China)

Abstract; Wet-type microwave sterilization is a newly developed technology. A 3-D unsteady active
heating mathematical model of hot water and microwave sterilization in a single mode system at the
frequency of 2 450 MHz was established based on the coupled equations of electromagnetic heating and
heat transfer. The distribution of electromagnetic field in microwave cavity and heating pattern in food
sample were obtained by using finite element method and the good results were used to guide the design of
microwave sterilization equipment. It was determined that the optimum size of pyramidal horn was
283.92 mm x 136. 50 mm X 109. 20 mm and the height of cavity was 75 mm. A two-cavity microwave
sterilization system was developed. Experimental results demonstrated the temperature of package food
rose from 50°C to 142°C in just 2 min. Furthermore, it showed that the heating pattern in food was stable
and the temperature distribution was more uniform owing to water circulation which reduced the edge
overheating effect. In addition, this study confirmed that it not only effectively met the requirements of
pasteurization process but also verified the effectiveness and rationality of the designed device.
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Fig.1  Configuration of microwave sterilization device
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Fig.2  Structure of microwave generator and

single-mode resonant cavity
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Fig.3  Electric field distribution
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Fig.6 Device of wet-type microwave sterilization
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Fig.7 Changing curves of temperature in sample
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Fig.8 Temperature profile of sample

B AR AR B e s i BRG] DL o X
TR S 23R A A 18] 45 2 B0 T B, 1X— 7]
FEUREAE S5 ST TE AR S8 35 i R

4 LERIE

MU A e — I BT i EOR, R GR &
it i T SR i SR S O DAL AR AR
REWIE EpSBLINoR: ST E AvARSE: B IR SR SR P i
T, SR BROCTT R SR, 15 BUIRAR IV A L G o A
FUHE AR B A LA, 45 R o0 i F T4 9 di 1 19
Bt R RARE AN FIFRIE I, /AT T
PR E R R L 228 X8R0, Frivk il i
TGRS TR i RE A A I B £ i 2 RO B L%
SR B TR A RS B

£ £ x o

1 2R3 RSN (A8, 2. SRR R EORIFTE Rt RELT ). B dh 5 B Tolk, 2003(10) : 86 —89.
2 B, wEAR MOCREEORE R S TR BHI LT ]. Bl SR, 2007,23(1) « 143 - 147.



244 ok BB R 20154

Fan Weiwei, Huang Huihua. Application of microwave sterilization in food industry[ J]. Food and Machinery,2007,23 (1) : 143 -
147. (in Chinese)

3  Sun Ting, Tang Juming, Joseph R. Antioxidant activity and quality of asparagus affected by microwave-circulated water
combination and conventional sterilization [ J]. Food Chemistry, 2007,100(2) : 813 -819.
4 Foh WPECREHLEPTFE BRI ], o E RS Tl,2000(4) @ 36.
5 AIEAE. 7K™ R IR 1 A B A TR S B Il 9 A e S B IR SE L D ). B < v TR R 2, 2013,
Cong Haihua. Solution of critical issues for microwave-assist sterilization and application to aquatic products [ D]. Qingdao:Ocean
University of China, 2013. (in Chinese)

6 Ram Bhuwan Pandit, Juming Tang, Frank Liu. A computer vision method to locate cold spots in foods in microwave sterilization
processes [ J]. Pattern Recognition, 2007, 40(12) : 3667 —3676.

7 Pandit R B. Development of a novel approach to determine heating pattern using computer vision and chemical marker (M-2) yield
[J]. Journal of Food Engineering, 2007, 78(2) : 522 - 528.

8 Wiiling-Raaholt B, Ohlsson T. Improving the heating uniformity in microwave processing [ M ] // Schubert H, Regier M. The
Microwave Processing of Foods. Sawston, Cambridge: Woodhead Publishing,2005; 292 —316.

9 Chen Hao, Tang Juming, Liu Fang. Coupled simulation of an electromagnetic heating process using the finite difference time
domain method [J]. Journal of Microwave Power & Electromagnetic Energy, 2007, 41(3) : 50 - 68.

10 Chen Hao, Tang Juming, Liu Fang. Simulation model for moving food packages in microwave heating processes using conformal
FDTD method [J]. Journal of Food Engineering, 2008, 88(3) : 294 - 305.

11 Tang Zhongwei, Galina Mikhaylenko, Liu Fang. Microwave sterilization of sliced beef in gravy in 7-oz trays [ J]. Journal of Food
Engineering, 2008, 89(4) . 375 —3383.

12 Resurreccion Jr F P. Development of a computer simulation model for processing food in a microwave assisted thermal sterilization
(MATS) system [J]. Journal of Food Engineering, 2013, 118(4) ; 406 —416.

13 Tang J, Liu F, Pathak S K. Apparatus and method for heating objects with microwaves: US, 7119313[ P]. 2005 —06 - 16.

14 Salvi D, Boldor D, Aita G M, et al. COMSOL multiphysics model for continuous flow microwave heating of liquids [ J]. Journal
of Food Engineering, 2011, 104(3) ; 422 —429.

15 Resurreccion Jr F P, Tang J, Pedrow P. Development of a computer simulation model for processing food in a microwave assisted
thermal sterilization (MATS) system [J]. Journal of Food Engineering, 2013, 118(4) ; 406 —416.

16 AR, P B A H f BOCHRTRSEI D). 75 5« IR A% 2013,

Zhu Rui. Seafood processing wet-type microwave sterilization equipment and its technical research [ D ]. Qingdao: Ocean
University of China, 2013. (in Chinese)

17 RA BERE . U ARk BRI B (T ], HLBKR,2013(12) « 64 - 66.

Zhu Rui, Lu Jianhui, Yang Lei. Design of the resonant cavity for wet-type microwave sterilization device [ J]. Machinery,
2013(12) : 64 —66. (in Chinese)

18 Pandit R B, Tang J, Mikhaylenko G. Kinetics of chemical marker M-2 formation in mashed potato—a tool to locate cold spots
under microwave sterilization [ J]. Journal of Food Engineering, 2006, 76(3) ; 353 - 361.

(L4258 227 In)

11  Neal A Rakow, Avijit Sen, Michael C Janzen, et al. Molecular recognition and discrimination of amines with a colorimetric array
[J]. Angewandte Chemie International Edition, 2005, 44(29) :4528 —4532.

12 Hou Changjun, Dong Jiale, Zhang Guoping, et al. Colorimetric artificial tongue for protein identification [ J]. Biosens
Bioelectron, 2011, 26(10) :3981 —3986.

13 Li Junjie, Hou Changjun, Huo Danqun, et al. Development of a colorimetric sensor array for the discrimination of aldehydes [ J].
Sensors and Actuators B; Chemical, 2014, 196.10 - 17.

14 BRZE, 7, ¥R SR TR AL BOR AR BRSSPI [T ] RS-, 2011, 42(5) 142 - 145.
Huang Xingyi, Zhou Fang, Jiang Feiyan. Evaluation of pork freshness using olfaction visualization on detection technique [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(5) ;142 —145. (in Chinese)

15 Lim Sung H, Mix Samantha, Xu Zeyu, et al. Colorimetric sensor array allows fast detection and simultaneous identification of
sepsis-causing bacteria in spiked blood culture [ J]. Journal of Clinical Microbiology, 2014, 52(2) ;592 - 598.

16 RANSC, WA, M, 5. ZET U AT IBOR A BB TR RIEA X 2 [T ]. A HUEAAR , 2013,44(10) - 188 - 192.
Zhao Jiewen, Guan Binbin, Lin Hao, et al. Characterization and discrimination of vinegar flavor based on olfaction visualization
technology [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(10) ;188 —192. (in Chinese)

17 PR, SR R b KR BRI RE R 5 AL AL D ] T . VLRI R, 2008.


http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20110526&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20131030&flag=1

