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Simulation of Pulsed Electric Field Sterilization System Working
Process Based on Three Coupled Fields

JI Xiang', PING Xue-liang™, JIN Wei', ZHAO Wei
(1.School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China; 2.School of Food Science and
Technology, Jiangnan University, Wuxi 214122, China)

Abstract: Pulsed electric field (PEF) for food sterilization is a process that pulsed voltage is
applied to the food product, which is placed between or passed through two electrodes of the
treatment chamber. During the process, the electric field strength and the temperature distribution
in the treatment chamber are the two key factors affecting the system efficacy and food quality. This
paper first developed a 3D model of the co—field treatment chamber, based on which developed a
mathematical model of the three coupled fields according to the theory of the electric field, flow
field and temperature field, and simulated the flow properties, temperature distribution of the
liquid (Nacl solution) and electric field distribution in the treatment chamber under the conditions
of pulse voltage V, pulse length 7, frequency f, flow rate v and temperature T. The simulation
obtained the relationship between the geometry of the co —field treatment chamber and the

temperature, electric field distribution. It also provides an important basis for optimizing the
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treatment structure and improving the sterilization effect.

Keywords: beer foam proteins, SDS-PAGE, LC-MS/MS, circular dichroism, secondary structure
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Tab.1 Electric field boundary conditions

VoV 10.5¢°

J/(A/m?)
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Tab.2 Flow field boundary conditions

v/ (m/s)
PyP, 101 325

0.029 2

3

Tab.3 Temperature field boundary conditions

T,/K 298.15
qo/(W/m?) 0
5
h(W/(m*K))
T./K 298.15
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Tab.4 Pulsed electric field system parameters
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Fig.7 Radial temperature distribution of the food product

in the import and export of the treatment chamber

:1) ,
, ;2)

2012 31 9 ®



JI Xiang,et al: Simulation of Pulsed Electric Field Sterilization System Working
Process Based on Three Coupled Fields ResearCh ArtICIe

[1] , . [M]. : ,2005.
[2] , . [D]. : ,2004.
[3] , . [7]. ,2006,8(37):89-93.

YIN Yong-guang,YAN Lin-na. Study on non—thermal sterilization of peach juice by high intensity pulsed electric field[J].
Journal of Agricultural Machinery ,2006,8(37):89-93. (in Chinese)

[4 ] Zhang QingHua,Gustova V,Barbosa C,et al,Engineering aspects of pulsed electric field pasteurization[J]. Journal of Food
Engineering, 1995,25(2):261-281.

[5 ] Min S,Evrendilek G A,Zhang H Q. Pulsed electric fields:processing system,microbial and enzyme inhibition,and shelf life
extension of foods|J]. IEEE Transactions on Plasma Science ,2007,35(1):59-73.

[ 6 ] Beveridge J R,MacGregor S J,Anderson J G,et al. The influence of pulse duration on the inactivation of bacteria using
monopolar and bipolar profile pulsed electric fields[J]. IEEE Transactions on Plasma Science ,2005,33(4):1287-1293.

[ 7 ] Misaki T,Tsuboi H,Itaka K,et al.Computation of three—dimensional electric field problems by a surface charge method and its
application to optimum insulator design[J|. IEEE Transactions on Power Apparatus and Systems, 1982,101(3).:627-634.

[8 ] QIN B,ZHANG Q,Barbosa—Canovas G Vet al. Pulsed electric field treatment chamber design for liquid food pasteurization
using a finite element method[]J]. Transaction of the ASAE, 1995,38.557-565.

[ 9] E Puértolas,N Lopez,G Saldana,et al. Evaluation of phenolic extraction during fermentation of red grapes treated by a continuous
pulsed electric fields process at pilot—plant scale[]]. Journal of Food Engineering,2010,98:120-125.

[10] D Gerlach,N Alleborn,A Baars,et al. Numerical simulations of pulsed electric fields for food preservation:A review [J].
Innovative Food Science and Emerging Technologies ,2008,9:408-417.

[11] Roman Buckow,Stefanie Schroeder,Paul Berres,et al. Simulation and evaluation of pilot—scale pulsed electric field (PEF)
processing|J]. Journal of Food Engineering ,2010,101:67-77.

[12] , . [J]. ,2010,29(2) :193-196.
PING Xue-liang, LIU Cui. Developing on the static chamber of high—voltage pulsed electric field[J]. Journal of Food Science
and Biotechnology ,2010,29(2) :193-196.(in Chinese)

[13] , , , - [J]. ,2002,33(3) :67-69.
ZHAO Wu-qi, YIN Yong—guang, GUAN Wei,et al. Experimental study on a food pasteurization system by using a high voltage
pulsed field[J]. Journal of Agricultural Machinery,2002,33(3) :67-69. (in Chinese)

@  Journal of Food Science and Biotechnology Vol.31 No.9 2012



